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After years outside the political mainstream, the goal of abolishing nuclear 
weapons is once again receiving significant attention. There is a growing 
consensus that if key non-nuclear-weapons states are to be persuaded to 
strengthen the non-proliferation regime, nuclear-weapons states must start 
to live up to their commitment – enshrined in Article VI of the Nuclear Non-
Proliferation Treaty (NPT) and reaffirmed when the treaty was indefinitely 
extended in 19951 – to work in good faith towards the elimination of such 
weapons.2 The clearest example yet of abolition’s newfound respectability 
came on 5 April 2009 when President Barack Obama laid out ‘America’s 
commitment to seek the peace and security of a world without nuclear 
weapons’ and outlined some practical steps towards that goal.3

Almost in parallel with the resurrection of disarmament as a mainstream 
policy, nuclear power has undergone something of a rebirth. It is increas-
ingly seen as part of the solution for global warming, and many states have 
recently announced new or revived nuclear-power programmes.4 Yet nuclear 
power carries with it the risk of proliferation. If the anticipated nuclear-
power renaissance does indeed result in the further spread of nuclear 
weapons, disarmament will inevitably become more distant and difficult.

Squaring nuclear power with nuclear disarmament will require a multi-
faceted approach.5 International Atomic Energy Agency (IAEA) safeguards 
will need to be improved to enable the more effective verification of peace-
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102  |  James M. Acton

ful nuclear activities. The political barriers to proliferation will also need 
to be strengthened by ensuring that the UN Security Council acts upon 
incidences of non-compliance much more quickly and robustly than it 
does today. Further measures could include placing all sensitive nuclear 
activities under multinational control and constructing the nuclear industry 
around less proliferation-sensitive technologies, the concept addressed in 
this article. 

The most sensitive steps in the nuclear fuel cycle are uranium enrichment 
and reprocessing,6 which can be used to make weapons-usable material 
directly, as well as ingredients for reactor fuel. Nuclear reactors pose a 
smaller proliferation risk, but the risk is not zero because of the danger that 
a state might secretly extract plutonium from spent fuel. The most sensitive 
reactors are heavy-water reactors7 and fast reactors8 because they are harder 
to safeguard and generally produce plutonium that is particularly suitable 
for nuclear weapons.9

Unfortunately, non-proliferation strategies frequently conflict with other 
goals, particularly economic ones. For instance, the cheapest enrichment 
technology currently available is the gas centrifuge. The few remaining 
plants that use an older technology (gaseous diffusion) are now scheduled 
to be shut down. However, the fact that small gas-centrifuge plants are very 
efficient and hard to detect have made them de rigueur for proliferation- 
oriented states in recent years. Iran, Libya and Pakistan all based their 
weapons programmes on the gas centrifuge, and it was the most promising 
element of Iraq’s nuclear programme prior to its termination in 1991.

Policymakers, industry insiders and regulators have usually failed to 
factor proliferation concerns into decisions about nuclear energy. If the 
policy of abolishing nuclear weapons is to be anything more than rhetoric, 
proliferation concerns will have to be taken much more seriously and given 
due weight in decisions about nuclear energy. In some cases, this might 
involve the decision to forsake a technology that offers an economic advan-
tage where this is outweighed by the proliferation risk.10 Realistically, the gas 
centrifuge is too economically advantageous, and its use too entrenched, to 
be phased out. The opportunity does exist, however, to forsake enrichment 
and other nuclear technologies that have not yet been commercialised.
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Today, for instance, Global Laser Enrichment (GLE, owned by General 
Electric Hitachi) is attempting to commercialise a new enrichment process 
(known as the SILEX process) based on lasers.11 GLE expects that the SILEX 
process will be more profitable to enrichment firms than other technologies. 
However, the economic benefits of cheaper enrichment to electricity con-
sumers are slight because enrichment typically accounts for less than 5% of 
the total cost of nuclear electricity.12 Meanwhile, laser enrichment is probably 
even more worrying from a proliferation perspective than the gas centri-
fuge because detecting a small, clandestine laser-enrichment plant is likely 
to be even harder than detecting a secret gas-centrifuge enrichment plant of 
a similar capacity.13 Regulators should factor such concerns into licensing 
decisions for all nuclear technologies and be willing to deny applications if 
they determine that the costs outweigh the benefits, as is almost certainly 
the case with GLE, for instance. Forsaking sensitive nuclear technologies on 
non-proliferation grounds would be controversial, but justifiable.

Justifying technological restraint
In economic theory, proliferation (along with the risk of accidents and prob-
lems associated with the disposal of nuclear waste) is a ‘negative externality’ 
of nuclear power: that is, a cost incurred by parties other than those directly 
involved in a transaction.14 The existence of negative externalities is a key 
reason why the market, left purely to its own devices, may not produce 
the best outcomes. It is one reason why governments must sometimes 
intervene in markets. Although governments have hardly been shy of inter-
vening in energy policy, they have had a strong tendency to simply ignore 
the externalities of nuclear power (along with those of every other form of 
power generation, for that matter), as the failure of almost every state with 
nuclear power reactors to plan for long-term waste storage demonstrates.15 
Yet externalities represent real costs and ought to be fully ‘internalised’ in 
any decision about nuclear energy. As the world moves towards abolition 
and becomes more sensitive to proliferation, these costs will effectively 
increase.

A number of authors, including Henry Sokolski, have argued that the 
economic costs of proliferation, such as the financial burden of maintain-
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104  |  James M. Acton

ing IAEA safeguards, ought to be internalised.16 But the financial costs that 
could conceivably be apportioned in this way represent just a small fraction 
of the total ‘proliferation cost’. Some of this cost – such as the more aggres-
sive foreign policy a state that feels protected by nuclear weapons may be 
inclined to pursue – is non-economic in nature, but no less real. Others costs, 
such as the effect on oil prices of proliferation crises centred on key oil-
producing states, are economic but effectively unquantifiable. 

Nuclear-energy policy, like energy policy more broadly, necessarily 
involves weighing up incommensurable variables. This task can neither 
be avoided nor regarded as a purely economic decision to be delegated to 
the capital market. The challenge of factoring in all the costs – internal and 
external, economic and uneconomic – necessarily falls upon politicians and 

regulators. Political judgement, not mathematical calcu-
lation, is ultimately required. Formulating energy policy 
without considering all the costs (quantifiable or not), 
deciding upon their relative importance and weighing 
them up is a dereliction of duty.

The suggestion that governments should make 
nuclear-energy decisions on the basis of uncertain and 
non-economic costs may be anathema to some, but 
all governments have to act on this basis sometimes. 
An excellent example is the ongoing efforts to reduce 

carbon emissions in order to combat climate change. Emissions that lead 
to climate change are an externality of power generation, in particular the 
burning of fossil fuels. The development of a cap-and-trade system is an 
effort to force the market to internalise this cost by penalising entities that 
are unable to reduce their emissions. In theory, the price of permits within 
a cap-and-trade system should be set at the marginal cost of emitting one 
tonne of carbon, the so-called social cost of carbon (SSC). However, govern-
ments have – quite rightly – started to enact cap-and-trade systems even 
though estimates for the SSC are highly variable, spanning two or three 
orders of magnitude.17 Moreover, the Intergovernmental Panel for Climate 
Change points out that figures for the SSC almost certainly ‘underesti-
mate the damage costs because they cannot include many non-quantifiable 

Political 
judgement, not 
mathematical 
calculation, is 
required
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impacts’.18 Nevertheless, these non-quantifiable costs, such as the social, 
health and environmental impacts of climate change, dominate the public 
discourse and have been key in prompting governments to take the issue 
seriously.

Develop and deny?
The nuclear industry generally defends the deployment of sensitive technol-
ogies by arguing that it is more-or-less possible to eliminate any proliferation 
cost by adopting a strategy of ‘develop and deny’, that is, by not sharing 
sensitive technologies at all, or by sharing them with only a few ‘safe’ states. 
The former variant was enshrined in US law by the McMahon Act of 1946, 
in force until the 1954 Atomic Energy Act permitted the sharing of nuclear 
technologies with other states. The latter variant was the approach taken 
by the George W. Bush administration.19 By simultaneously calling for the 
development of ‘proliferation-resistant’ technology, however, the Bush 
administration effectively acknowledged the limitations of a strategy of 
develop and deny. After all, if technology really could be restricted to ‘safe’ 
states, why would it need to be proliferation-resistant?

To understand why domestic decisions about nuclear energy cannot 
be decoupled from proliferation concerns, it is necessary to recognise that 
nuclear-power decisions are often taken on grounds other than detailed 
analyses demonstrating that the chosen option is the cheapest available, or 
that it provides longer-term economic benefits such as energy security. In 
particular, prestige and ‘received wisdom’ – the assumed belief, often based 
on the actions of other states, that a given nuclear technology is too lucra-
tive to be missed – have been very important, both in driving states to start 
nuclear programmes and in influencing their technological choices. The 
provision of a nuclear-weapons hedging option is also important.

That nuclear technology is a potential source of prestige is widely rec-
ognised.20 For instance, Brazil’s centrifuge programme, with its aim of 
producing enriched uranium for the country’s power reactors, in spite of a 
significant cost penalty, is now driven in large part by the prestige associ-
ated with enrichment.21 The importance of received wisdom, on the other 
hand, is perhaps underappreciated. Received wisdom, especially from 
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106  |  James M. Acton

the United States, has been crucial in shaping the development of nuclear 
power. It explains the plans developed prior to the mid 1970s by every 
state with a nuclear power-programme outside the Soviet bloc (apart from 
Canada) to develop ‘closed’ fuel cycles, that is, to reprocess spent fuel and 
use the extracted plutonium as reactor fuel.22 Indeed, when the United States 
changed its policy and opposed reprocessing in 1976, Japanese diplomats 
were apparently fond of remarking that ‘our belief in the necessity of the 
plutonium cycle is based on American teaching’.23

There is no evidence that interest in the closed fuel cycle in these states 
was based on detailed economic analyses. Certainly, the evidence strongly 
suggests that the two Western states with the most-developed nuclear-power 
programmes prior to the 1970s, the United Kingdom and United States, 
simply assumed that the economics of reprocessing were favourable.24 
Indeed, as late as 1978, the report of the inquiry into the planning application 
by British Nuclear Fuels Limited (BNFL) to build the THORP reprocessing 
facility observed that ‘although BNFL made alleged financial advantages 
part of their case, no detailed financial analysis was produced by them’.25 

Given the roles that prestige and received wisdom play in procurement, 
decisions by advanced nuclear states to develop or deploy nuclear technolo-
gies can make it more likely that other states will try to follow suit. This 
effect can be exacerbated by the way a discriminatory approach can actually 
enhance the prestige associated with nuclear technologies.26 An example is 
provided by South Korea, which is interested in developing a new reproc-
essing technology called Advanced Fuel Conditioning, but more usually 
referred to as pyroprocessing.27 Because of the country’s use of US-origin 
technology and fuel, South Korea requires US consent before it can reproc-
ess any fuel. This permission has so far been withheld, although it was given 
to South Korea’s neighbour and historic adversary, Japan, which now has a 
long-standing reprocessing programme.

Officially, interest in pyroprocessing is motivated by a desire to promote 
energy independence and reduce waste volumes. But as those involved in its 
development recognise, the benefits are not as significant as widely believed 
in South Korea.28 In reality, at least part of the impetus behind pyroprocess-
ing is the desire on the part of its advocates for equality between Japan and 
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South Korea. South Korea partly justified its interest in reprocessing in the 
1970s with reference to the existence of a Japanese programme.29 Today, 
many government scientists feel a deep sense of resentment that Japan is 
permitted to reprocess while South Korea is not.30 Significantly, these are the 
same individuals who advise the government on fuel-cycle decisions. Given 
that government officials in any state rarely have a detailed understand-
ing of nuclear technology, technical advisers can often wield considerable 
influence.

Of course, if denial really was effective at preventing the spread of a tech-
nology, these effects would not matter. In practice, preventing the spread of 
a technology is also extremely difficult, especially over the long timescales 
relevant to the problem of proliferation.

One risk is the illicit dissemination of classified or proprietary informa-
tion, through the transfer of documents or the purchase of trained personnel, 
a concern that is perhaps most acute for Global Laser Enrichment. In this 
regard, the spread of the centrifuge is instructive. The 
UK–German–Dutch enrichment consortium URENCO 
has been the technological origin for the majority of pro-
liferation attempts in recent years.31 Most notoriously, A.Q. 
Khan, working for a URENCO contractor in the late 1970s, 
stole information that he subsequently used in developing 
Pakistan’s centrifuge programme.32 He then sold the tech-
nology to Iran, Libya and North Korea, and offered it to Iraq 
and possibly others as well. Independently, German con-
tractors working for URENCO in the late 1980s and early 
1990s sold sensitive information to Iraq and probably Brazil (although this 
is not certain).33 The small Indian centrifuge programme almost certainly 
also received assistance from abroad, although its origins are unclear.

Global Laser Enrichment argues that it can avoid similar occurrences 
with laser enrichment by classifying information.34 Indeed, there is no ques-
tion that security can be much tighter than it was in URENCO before the 
1990s (and, to be fair, URENCO has taken the issue much more seriously 
since then). Equally, it is also true that, over the course of many decades, 
the commercialisation of laser enrichment in the United States, which nec-

Preventing 
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a technology 
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108  |  James M. Acton

essarily involves many scientists having access to sensitive information, 
significantly increases the risks of the technology diffusing, not least because 
it may become the target of industrial espionage conducted by foreign gov-
ernments as well as other companies.

Beyond the illicit dissemination of technology, there is also the possibil-
ity of indigenous development, aided by information that is legitimately in 
the public domain. Even if much additional research is inevitably needed 
to put theoretical concepts into practice, open-source literature can give a 
state a significant head start in attempting to develop any nuclear technol-
ogy, as declassified designs for the British Calder Hall reactor did for North 
Korea,35 or its Atoms for Peace Library did for Iraq.36

The problem of indigenous development is undoubtedly most acute for 
reprocessing. Extensive information on the PUREX process (developed by 
the United States to produce plutonium for the Manhattan Project) is in the 
public domain, meaning the most important barriers to its development are 
political rather than technical. Given that a strategy of develop and deny 
lowers the political barriers, it is unrealistic to expect that, over the long 
term, this kind of discriminatory approach can be effective.

The problems of develop and deny would remain even if, as proponents of 
reprocessing have recently advocated, advanced nuclear states switched from 
PUREX to newer technologies that do not involve the separation of pure plu-
tonium. Even apart from the over-selling of their claimed non-proliferation 
benefits,37 the adoption of these technologies would still send the message 
that the recycling of spent fuel has an important role to play in the develop-
ment of nuclear energy. Because PUREX is the simplest process, it is the one to 
which other states are most likely to turn, especially if they are also seeking a 
nuclear-weapons hedging option. Indeed, a state wishing to develop PUREX 
could make its case even stronger, at least in the eyes of many developing 
states, by first asking for help with the development of advanced reprocess-
ing, with the knowledge that the request would be refused.38

Countering the inevitability argument
Achieving agreement among all states on the need to forsake particular 
technologies where the non-proliferation costs are sufficiently high presents 
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a tremendous challenge. In the short term, the idea of new binding rules on 
access to nuclear technologies is a non-starter, although at least some of that 
resistance is directed against a discriminatory approach.39 

Absent global agreement, the nuclear industry in states deciding to 
forsake technologies unilaterally is likely to make the argument that ‘if we 
don’t develop it, someone else will’. Indeed, this was a key argument of 
the US nuclear industry against President Jimmy Carter’s decision to desist 
from domestic reprocessing.40 

Policymakers and regulators certainly ought to weigh this concern in 
deciding whether to fund or license novel technologies. However, the tech-
nological trajectory of nuclear energy is not inevitable. Decisions by key 
states not to fund research and development into novel technologies can 
result in them not being commercialised. 

Moreover, states that are serious about disarmament, and have chosen 
to forsake certain technologies on non-proliferation grounds, can take 
steps to shape the technological trajectories of others, making it less likely 
that they will seek the same technologies. These steps include stopping 
domestic use of the most sensitive technologies, trading in less sensitive 
technologies, and taking back spent nuclear fuel. These options are useful 
first steps on the way to a legally binding instrument banning the most 
sensitive technologies.

History shows the flaws in the nuclear industry’s argument that the 
technological trajectory of nuclear energy is inevitable and that it is there-
fore pointless for individual governments to forsake sensitive technologies. 
Looking back, for instance, it is clear that there was nothing inevitable 
about the success that the light-water reactor (LWR) enjoys today. As of 
2008, LWRs accounted for 359 out of 441 reactor units in operation and 
almost 90% of their total electrical output.41 This dominance was the result 
of a conscious, deliberate development strategy. During the early days 
of commercial nuclear power, two other designs, the gas-cooled reactor 
(GCR) and the heavy-water reactor (HWR), were competitive; indeed, the 
GCR was the market leader until the mid 1960s.42 Given that the GCR and 
HWR are simpler and do not use enriched fuel, the dominance of the LWR 
was far from inevitable. Indeed, the debate about the light-water reactor’s 
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110  |  James M. Acton

technological superiority is still not settled, including among those with no 
financial stake in HWR sales.

The success of the LWR resulted from significant investment by the 
United States and Russia. Almost every such reactor operating today has its 
origins in US or Soviet technology. Although other nations do manufacture 
LWRs – indeed, there are now no wholly US-owned suppliers – the non- 
Russian designs all originated from technical transfers from the United 
States.43 The only partial exceptions are nine Swedish-origin and four 
Chinese-origin reactors that are largely, but not completely, indigenous.44 US 
interest in the LWR stemmed from a programme to develop reactors for naval 
propulsion. The two key US nuclear engineering firms, Westinghouse and 
General Electric, were deeply involved in this programme. Had Washington 
not had an interest in the LWR as a naval-propulsion reactor and not been 
willing to further develop it for civilian use, the GCR and HWR may well 
have ended up as the industry standard today. (Given that the LWR is less 
proliferation sensitive than either the GCR or HWR, its success was a con-
siderable non-proliferation good.)

The argument against inevitability only becomes stronger in the case of 
more sophisticated technologies requiring much larger capital costs, such 
as the fast reactor or laser enrichment. Decisions by a few key states – or 
perhaps the United States alone – not to invest in these technologies and 
instead to focus on alternatives (whether renewables or other types of 
nuclear technology) increase the likelihood that some technologies will not 
be developed at all. 

Fast reactors, for instance, have been under development since the early 
days of nuclear power; the first nuclear reactor ever connected to an electric 
grid was a fast reactor. However, as research has progressed and the techni-
cal challenges of this technology have become more apparent, the prospect 
of commercialised fast reactors has remained distant, and their costs have 
continually increased. The United States alone spent $25bn (in 2009 dollars) 
on fast-reactor development prior to the development programme’s can-
cellation in 1988, and failed even to start building a prototype commercial 
reactor.45 Prior to the Bush administration’s renewed advocacy of the concept, 
all states except Russia were losing interest.46 It is far from clear that interest 
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in fast reactors will survive the combination of the Obama administration’s 
much more sceptical attitude47 and the current financial crisis.

Desist and discourage
Where states believe that the proliferation costs of an activity outweigh its 
benefits, they can cease to conduct that activity themselves and adopt a 
strategy of ‘desist and discourage’. This strategy aims to remove a potential 
stimulus for other states to start a proliferation-sensitive activity, such as 
reprocessing. The classic example is the US moratorium on civilian reproc-
essing, which was announced (albeit somewhat equivocally) in 1976 by 
President Gerald Ford and restated (in more unambiguous terms) by Carter 
and Bill Clinton.48 Although neither of the Republican presidents between 
Carter and Clinton (Ronald Reagan and George H.W. Bush) opposed reproc-
essing in principle, they did very little, in practical terms, to support it.49

The appropriate way to evaluate a strategy of desist and discourage is to 
ask whether it not only discourages states from taking small-scale research 
programmes to an industrial level, but leads states to avoid launching new 
reprocessing programmes in the first place. (Small-scale reprocessing pro-
grammes are perhaps even more worrying from a proliferation perspective 
than their industrial-scale counterparts.) For this reason, the claim from 
a recent Department of Energy report that ‘U.S. opposition [to reprocess-
ing] has not slowed large-scale reprocessing programs in Europe, Japan, 
and Russia’,50 while true,51 is also somewhat beside the point. What the 
Department of Energy’s statement really underlines is that, because of the 
web of political, legal and financial commitments needed to create such 
multibillion-dollar programmes, it is extremely difficult to stop them once 
they have been set in motion. This phenomenon, termed ‘entrapment’ by 
William Walker,52 highlights the importance of a policy aimed at stopping 
such programmes before they have even started. Here, there is evidence 
that the US moratorium had a positive, albeit modest, effect.

Most Western nuclear-power programmes prior to the mid 1970s were 
built around the expectation that power-reactor fuel would be reprocessed. 
The seminal 1976 study Moving Towards Life in a Nuclear Armed Crowd? 
observed that, given contemporary plans, 17 states would have reprocess-
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ing facilities and enough separated plutonium for between three and six 
nuclear weapons by 1985;53 today, just eight or nine states (including North 
Korea) are reprocessing.54 Not all of these stoppages were due to the US 
moratorium. Some programmes, such as South Korea’s and Taiwan’s (both 

of which had a clear military dimension), were avoided 
because of intense US pressure on both the supplier and 
recipient of reprocessing-technology transfers. Others, 
however, were influenced by the moratorium.

The US moratorium was one factor that led a number of 
states to stop treating reprocessing as an article of faith and 
to start assessing it on rational grounds; in other words, 
it helped destroy the received wisdom about reprocess-
ing. Beyond the shock caused by an abrupt policy change, 

the US-sponsored International Nuclear Fuel Cycle Evaluation in 1977–79 
also played a role. States developed and used a common methodology for 
assessing the economics of reprocessing.55 This was probably the first time 
any of these countries (apart from the United States) had performed such 
an analysis. It did not end the debate on reprocessing – states essentially 
ended up arguing for their existing policies – but it did help start it. The 
United States also provided a model for other states as to how they could 
do without reprocessing. 

The changes that the Italian nuclear industry underwent are typical. In 
Italy, the attitude toward reprocessing during the 1950s and 1960s could 
be summed up as ‘why not?’ Italy’s nuclear programme was marked by 
the desire to keep all options open, including the possible development of 
nuclear weapons.56 It experimented with multiple reactor designs and built 
two pilot reprocessing plants, Eurex and ITREC, that reprocessed a variety 
of fuel types.57 As in many other states, reprocessing was strongly supported 
by the body responsible for nuclear research and development, the National 
Committee for Nuclear Energy (CNEN), later to become ENEA. CNEN per-
ceived reprocessing as something that advanced nuclear nations just did.

Opposition to reprocessing in Italy came increasingly from Enel, the 
state-owned utility.58 Although Enel publicly supported reprocessing, 
behind the scenes, high-level managers increasingly questioned its utility.59 

Today just 
eight or nine 
states are 
reprocessing
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ITREC and Eurex ceased reprocessing in 1980 and 1983, respectively. By the 
time of the Chernobyl accident in 1986 (which led Italy to abandon nuclear 
power completely), even CNEN was acknowledging that it made sense to 
defer reprocessing.60 The evolution of policy in Italy was driven by a domes-
tic debate about the economics of reprocessing and safety concerns about 
plutonium. From Italy’s perspective, reprocessing no longer appeared in 
its interests, but that was very much the aim of US policy. By encourag-
ing states to evaluate reprocessing on more rational, economic grounds, the 
moratorium had a positive, if modest, effect.

The moratorium had its limits, of course. It was fortuitous that during 
the late 1970s and early 1980s, concerns about energy security eased. 
Moreover, during the same period the nuclear industry entered a period 
of decline. (Italy, for instance, did continue to build nuclear reactors, but 
at a slower rate.) Local factors also played a role. In Italy, for example, the 
foreign and defence ministries, traditional supporters of reprocessing, grad-
ually lost influence over nuclear policy after Italy’s ratification of the NPT.61 
Nevertheless, the US moratorium did succeed in kick-starting a debate that 
showed little sign of being taken up otherwise.

There are some lessons to be drawn about implementing a strategy of 
desist and discourage that are relevant for current proliferation debates. 
Firstly, this strategy is most effective if the economics of the technology in 
question are not obviously favourable. (It is, therefore, more likely to be 
effective in relation to reprocessing than, say, laser enrichment, which poten-
tially offers significant profits to the technology holder, even if the benefits 
to electricity consumers are modest.) Secondly, for a strategy of desist and 
discourage to be most effective, states need to do more than just abstain from 
certain nuclear technologies. Complementary means of discouraging others 
from acquiring these technologies, such as export controls, are also needed. 
Finally, one effect a strategy of desist and discourage may have that would 
be particularly relevant in the context of disarmament is to take some of the 
prestige out of nationally owned fuel-cycle facilities. In the event that all 
states cannot eventually agree to forsake a particular technology, its dimin-
ished prestige would help in reaching an agreement on placing remaining 
facilities under multinational control.
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Develop and disseminate
The majority of states are reliant upon external suppliers for the provision 
of reactors. This presents an important opportunity to shape their nuclear-
development paths through a strategy of ‘develop and disseminate’ for less 
sensitive technologies, such as light-water reactors.

The proliferation costs of not selling less-sensitive technologies are fre-
quently underplayed. A dramatic example is the US decision to cut the 
United Kingdom and Canada out of the development of civil nuclear 

power after the Second World War. Reluctant to rely on 
the United States as a supplier of enrichment, Britain 
and Canada decided to focus on reactors that did not use 
enriched uranium (GCRs and HWRs, respectively). These 
reactors are, however, more suitable for proliferation than 
LWRs (which is not to say that LWRs are proliferation 
proof). Indeed, the Indian nuclear-weapons programme 
was based on a Canadian-supplied HWR. South Korea 

tried to acquire an almost identical reactor in the early 1970s, when it was 
pursuing a nuclear-weapons option.62 And, as noted above, North Korea 
produced plutonium for its weapons programme using a GCR based on a 
British design.

Conversely, US cooperation with South Korea on reactor development 
has had more positive effects. South Korea initially had a mixed strategy of 
buying both Canadian-supplied HWRs and French- and US-supplied LWRs. 
In the 1980s, it focused solely on the LWR, developing its own variant of a 
Westinghouse design under license, in an effort to become independent.63 A 
key reason for focusing on the LWR seems to have been that, from the South 
Korean perspective, the United States was the most attractive partner for 
cooperation, so South Korea ended up adopting the technology in use there. 
In other words, the choice of partner was at least as important as the choice 
of technology.64

The United States plays a pivotal role in the global nuclear trade. It is 
viewed as an attractive partner by its friends and allies, even though it insists 
on tougher non-proliferation conditions than its competitors. Currently, 
Washington is indicating a willingness to enter into cooperation agreements 

The US plays 
a pivotal role 
in the global 
nuclear trade
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that could ultimately lead to reactor sales. Although these agreements have 
been criticised in some quarters, failing to negotiate them increases the risk 
that sales will be made by other vendors that impose less-stringent prolifera-
tion conditions (such as Russia) or can provide more proliferation-sensitive 
technologies (such as Canada). Moreover, if the United States is also con-
tracted to supply fuel, it has the option to cut that supply if the recipient 
violates its non-proliferation obligations. If the US government were actu-
ally willing to use this option it would provide a powerful sanction against 
proliferation.65

None of this is to suggest that the United States (or any other vendor) 
should sell reactors to any state regardless of its non-proliferation creden-
tials, or that if the United States competes for a contract it will always win. 
Rather, the lesson is that sales can present a potentially positive opportunity 
for non-proliferation and that this should be taken into account when decid-
ing whether to sell.

Spent-fuel take back and waste management
‘Take back’ is the removal of spent nuclear fuel by the nation that supplied 
it, or even by a third party. From the perspective of states operating small 
nuclear-reactor fleets, take back is highly desirable because it eliminates the 
task of managing high-level waste and could, therefore, reduce the tempta-
tion to develop reprocessing as a way of delaying the politically challenging 
task of agreeing a long-term waste-management strategy. Moreover, many 
nuclear experts have recently argued that spent-fuel take back, coupled with 
a guaranteed supply of fresh fuel, might be the key inducement in encour-
aging states not to develop their own enrichment capability.66 (In any case, 
few question its value as a non-proliferation tool.) Unfortunately, no state 
offers take back except Russia, for fuel that it supplied.67 

The key area of dispute is whether reprocessing in the advanced nuclear 
states makes it easier for them to take back spent fuel. In December 2008, 
for instance, the US Department of Energy argued that, by simplifying the 
task of long-term waste storage, reprocessing ‘would reduce technical bar-
riers – and so could also reduce political barriers – to offering back-end 
fuel services’.68 This comment referred specifically to a novel reprocessing 
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technology that would separate out the highly radioactive components of 
nuclear waste that complicate its management, but similar arguments are 
made in favour of traditional reprocessing.

Even if the greater ease of storing reprocessed waste is taken as fact – 
and many opponents of reprocessing would not concede this point69 – the 
problem with the Department of Energy’s argument is that the barriers to 
long-term waste management are primarily political, as the statement essen-
tially acknowledges. Just one illustration of these political barriers can be 
seen in the legislation that capped the capacity of the planned US geological 
storage repository at Yucca Mountain, a project now essentially abandoned, 
at between a quarter and a ninth of the quantity of waste that technical anal-
yses demonstrated could be safely stored there.70

There are various objections to the take back of spent fuel. Among these 
is a visceral objection to turning any state into the ‘world’s nuclear dumping 
ground’.71 It seems extremely unlikely that reprocessing in order to reduce 
the long-term waste-management challenges would convince those that 
have this objection of the merits of spent-fuel take back. Another, more subtle 
objection is that a state should not take back spent fuel from abroad until it 
has a satisfactory long-term plan for managing its own waste. Reprocessing 
advocates argue that by simplifying storage, reprocessing can help build a 
consensus around the geological-repository option. In practice, however, the 
controversy surrounding geological storage plans is likely to be increased by 
linking them to an even more controversial technology like reprocessing.72

Thus, not only does reprocessing clearly not help with facilitating take 
back, but if advanced nuclear states adopt it as a tool for waste manage-
ment, it will be virtually impossible for them to argue against others doing 
likewise. Today, waste management is probably the most important driver 
for reprocessing. Indeed, the Bush administration’s interest in this technol-
ogy was born out of a desire to stretch the capacity of Yucca Mountain as 
far as possible. If the United States and others reprocess they will hand a 
powerful argument to lobbies within a state – typically the nuclear R&D 
community – that support the development of reprocessing. 

* * *
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The nuclear industry, as well as many policymakers and regulators, have 
often tried to decouple the challenges of non-proliferation from disarma-
ment in order to avoid discussion of the limits that would have to be put 
on nuclear power to facilitate the abolition of nuclear weapons.73 Nuclear 
energy is, however, an integral, if underappreciated, part of the disarmament 
challenge. If nuclear weapons and their entire supporting infrastructure 
were verifiably eliminated, the civilian nuclear industry would, by defini-
tion, provide the only route to rearmament. All states that profess to have 
an interest in nuclear disarmament, whether they possess nuclear weapons 
or not, therefore have an obligation to explore how to ‘hardwire’ non- 
proliferation into the nuclear industry. The failure even to consider the issue 
is, as Scott Sagan has argued, a refusal to live up to the commitment of pur-
suing disarmament in good faith.74

The possibility of a nuclear-energy renaissance has only increased the 
urgency of seriously considering the challenge. After all, if a significant 
expansion of nuclear energy occurs without being informed by the goal of 
abolishing nuclear weapons, it would make realising that goal much harder.

States and the nuclear industry should therefore start to explore disar-
mament practicalities. The first step in this process is for all those concerned 
with energy policy to do more than just pay lip service to the costs of pro-
liferation and instead to internalise them in decisions about funding and 
licensing nuclear technologies, recognising that as nuclear arsenals are 
reduced, the costs of proliferation will rise. Fully factoring concerns about 
proliferation into nuclear-energy policy will necessarily promote a much-
needed debate about whether some technologies are simply too proliferation 
sensitive to be deployed, in spite of potential economic benefits.

The long-term policy goal should be agreement on banning technolo-
gies deemed too dangerous. In the meantime, there is much that advanced 
nuclear states can do to steer others away from those technologies and pave 
the way for a ban. In particular, by desisting from the most sensitive tech-
nologies, trading in less sensitive technologies and facilitating the take back 
of spent nuclear fuel, even a small number of advanced nuclear states can 
shape the nuclear renaissance into a form that can help reconcile nuclear 
energy with nuclear disarmament.
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Notes

1  Article VI states that ‘each of the 
Parties to the Treaty undertakes to 
pursue negotiations in good faith on 
effective measures relating to cessation 
of the nuclear arms race at an early 
date and to nuclear disarmament, and 
on a treaty on general and complete 
disarmament under strict and effective 
international control’. At the 1995 NPT 
Review and Extension Conference, 
the nuclear-weapons states reaffirmed 
‘their commitment, as stated in article 
VI, to pursue in good faith negotia-
tions on effective measures relating to 
nuclear disarmament’. See ‘Decision 2: 
Principles and Objectives for Nuclear 
Non-Proliferation and Disarmament’, 
in Final Document: Part I: Organization 
and Work of the Conference, NPT/
CONF.1995/32, Part I, Annex, 1995 
Review and Extension Conference of 
the Parties to the Treaty on the Non-
Proliferation of Nuclear Weapons, 
New York, 1995, http://www.un.org/
Depts/ddar/nptconf/2142.htm.

2  For an in-depth exploration of this 
argument see George Perkovich, 
Principles for Reforming the Nuclear 
Order, Proliferation Papers 22 
(Paris: IFRI, 2008), http://www.
ifri.org/files/Securite_defense/
Perkovich_Reforming_Nuclear_Order.
pdf; and William Walker, ‘Nuclear 

Enlightenment and Counter-
Enlightenment’, International Affairs, 
vol. 83, no. 3, May 2007, pp. 431–53.

3  Barack Obama, speech, Prague, Czech 
Republic, 5 April 2009, http://www.
whitehouse.gov/the_press_office/
Remarks-By-President-Barack-Obama-
In-Prague-As-Delivered/. In London 
four days previously, Presidents 
Obama and Medvedev had commit-
ted their ‘two countries to achieving a 
nuclear free world’. The prime minis-
ters of the United Kingdom and India, 
Gordon Brown and Manmohan Singh, 
and French President Nicolas Sarkozy, 
have made similar statements in the 
last 18 months. 

4  Sharon Squassoni, Nuclear Energy: 
Rebirth or Resuscitation? (Washington 
DC: Carnegie Endowment for 
International Peace, 2009), http://
carnegieendowment.org/files/nuclear_
energy_rebirth_resuscitation.pdf. 

5  George Perkovich and James M. 
Acton, Abolishing Nuclear Weapons, 
Adelphi Paper 396 (London: 
Routledge for the IISS, 2008), 
chapter 3. This Adelphi Paper is 
available on the Internet as section 
1 of George Perkovich and James 
M. Acton (eds), Abolishing Nuclear 
Weapons: A Debate (Washington 
DC: Carnegie Endowment for 
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International Peace, 2009), http://
www.carnegieendowment.org/files/
abolishing_nuclear_weapons_debate.
pdf. For the extreme view, that 
complete nuclear disarmament is 
impossible without the elimination 
of nuclear power, see Theodore B. 
Taylor, ‘Nuclear Power and Nuclear 
Weapons’, Science and Global Security, 
vol. 13, nos 1–2, 2005, pp. 118–28, 
http://www.princeton.edu/sgs/publi-
cations/sgs/pdf/13 1-2 Taylor-Feiveson.
pdf. This article is significant because 
its author was a notable physicist and 
nuclear-weapons designer.

6  Natural uranium consists of 99.3% 
uranium-238 and 0.7% uranium-235. 
Enrichment is the process of increas-
ing the proportion of uranium-235. 
Power reactors typically use uranium 
enriched to between 3% and 5% ura-
nium-235; nuclear weapons typically 
use uranium enriched to more than 
90%. Reprocessing is the chemical 
separation of plutonium from spent 
nuclear fuel. Reprocessing was origi-
nally developed for military purposes 
as part of the Manhattan Project. In 
the civilian sector, it was initially 
seen as a way of producing the pluto-
nium needed to fuel fast reactors. In 
practice, most separated plutonium 
has either been left unused or burnt, 
probably uneconomically, in standard 
power reactors.

7  Heavy-water reactors are so called 
because heavy water (in which normal 
hydrogen is replaced by a heavier iso-
tope, deuterium) is used to slow down 
or ‘moderate’ the neutrons in the reac-
tor core. Most power reactors around 
the world today are light-water reac-
tors and use normal water as the 

moderator. Gas-cooled reactors, which 
generally use carbon dioxide as the 
coolant and graphite as the moderator, 
are roughly as proliferation sensitive 
as heavy-water reactors but are much 
less important commercially.

8  ‘Fast’ is a reference to the speed 
of neutrons in the reactor. Except 
for four prototype fast reactors, all 
other reactors in the world today use 
slower, ‘thermal’ neutrons. The inter-
est in fast reactors lies in the fact that, 
depending on their mode of opera-
tion, they can either ‘burn’ the heavy, 
long-lived isotopes that complicate 
radioactive-waste disposal or can 
‘breed’ plutonium to make more fuel.

9  The question of which are the most 
proliferation-sensitive technologies 
is not entirely settled. From a non-
proliferation perspective, all nuclear 
technologies have some desirable and 
some undesirable attributes, and there 
is legitimate disagreement about the 
correct weighting of these. For a recent 
discussion of this issue see Harold 
Feiveson, Alexander Glaser, Marvin 
Miller and Lawrence Scheinman, ‘Can 
Nuclear Power be made Proliferation 
Resistant?’, Center for International 
and Security Studies at Maryland, July 
2008, http://www.cissm.umd.edu/
papers/files/future_nuclear_power.
pdf. For a more technical discussion of 
proliferation-resistance methodologies 
see various papers in the special issue 
of ESARDA Bulletin, no. 39, October 
2008, http://esarda2.jrc.it/bulletin/ 
bulletin_39/index.html.

10  Indeed, this was suggested in the 
very first study on the control of 
atomic energy, the Acheson–Lilienthal 
report. See Chester I. Barnard, J.R. 
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Oppenheimer, Charles A. Thomas, 
Harry A. Winne and David E. 
Lilienthal, A Report on the International 
Control of Atomic Energy (Washington 
DC: Secretary of State’s Committee 
on Atomic Energy, 1946), p. 42, http://
www.fissilematerials.org/ipfm/site_
down/ach46.pdf.

11  See GE Energy, ‘Global Laser 
Enrichment’, http://www.gepower.
com/prod_serv/products/nuclear_
energy/en/gle_main.htm.

12  A well-regarded 2003 study con-
ducted by the Massachusetts Institute 
of Technology (MIT), for instance, 
estimates the total cost for nuclear 
electricity at $0.07/kWh, of which 
enrichment accounts for about 40% 
of the $0.005–0.006/kWh that is 
attributable to fuel-cycle costs (with 
no reprocessing) – that is, about 3% 
of the total. The Future of Nuclear 
Power: An Interdisciplinary MIT Study 
(Cambridge, MA: MIT, 2003), pp. 42, 
143 and 146, available at http://web.
mit.edu/nuclearpower/.

13  Compared to a centrifuge plant with 
a similar capacity, a laser-enrichment 
plant would use significantly less 
electricity and, because a single laser-
enrichment module has a significantly 
higher ‘separation factor’ than a 
single centrifuge, be more compact. 
Moreover, the dual-use nature of the 
lasers used in the laser-enrichment 
process significantly complicates their 
control. Jack Boureston and Charles 
D. Ferguson, ‘Laser Enrichment: 
Separation Anxiety’, Bulletin of the 
Atomic Scientists, vol. 61, no. 2, March–
April 2005, pp. 14–18, http://www.cfr.
org/content/thinktank/Ferguson_BAS_
separation.pdf.

14  Karl S. Coplan, ‘The Externalities of 
Nuclear Power: First, Assume We 
Have a Can Opener …’, Pace Law 
Faculty Publications, Paper 489, 
http://digitalcommons/pace.edu/
lawfaculty/489.

15  According to the IAEA, no state ‘is 
likely to have a repository in operation 
much before 2020’. Only Finland has 
actually started construction of a geo-
logical repository for high-level waste. 
IAEA, Nuclear Technology Review 2008 
(Vienna: IAEA, 2008), pp. 13–14, 
http://www.iaea.or.at/Publications/
Reports/ntr2008.pdf. For quantita-
tive estimates of the external costs 
see OECD Nuclear Energy Agency, 
Nuclear Electricity Generation: What 
are the External Costs? (Paris: OECD, 
2003), http://www.nea.fr/html/ndd/
reports/2003/nea4372-generation.pdf. 
Extraordinarily, this report fails to 
mention the word ‘proliferation’ even 
once.

16  Henry D. Sokolski, ‘Towards an 
NPT-Restrained World that makes 
Economic Sense’, International Affairs, 
vol. 83, no. 3, May 2007, pp. 531–48. 

17  Intergovernmental Panel on Climate 
Change, Climate Change 2007: 
Impacts, Adaptation and Vulnerability 
(Cambridge: Cambridge University 
Press, 2007), pp. 821–23, http://www.
ipcc.ch/ipccreports/ar4-wg2.htm. 

18  Ibid, p. 17.
19  The Global Nuclear Energy 

Partnership (GNEP), launched in 2006, 
envisioned the United States sharing 
supposedly proliferation-resistant 
technologies, including reprocessing, 
with the handful of ‘fuel supplier’ 
nations that had already mastered 
the full fuel cycle. Other ‘consumer’ 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
n
t
e
r
n
a
t
i
o
n
a
l
 
I
n
s
t
i
t
u
t
e
 
f
o
r
 
S
t
r
a
t
e
g
i
c
 
S
t
u
d
i
e
s
 
(
I
I
S
S
)
]
 
A
t
:
 
1
9
:
1
2
 
1
9
 
A
u
g
u
s
t
 
2
0
0
9



Nuclear Power, Disarmament and Technological Restraint  |  121   

nations, in return for comprehensive 
fuel services (that is, the provision 
of fresh fuel and the take back of 
spent fuel), were initially asked ‘for 
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