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Dædalus was founded in 1955 and established as a quarterly in 1958. The
journal’s namesake was renowned in ancient Greece as an inventor, scien-
tist, and unriddler of riddles. Its emblem, a maze seen from above, symbol-
izes the aspiration of its founders to “lift each of us above his cell in the lab-
yrinth of learning in order that he may see the entire structure as if from
above, where each separate part loses its comfortable separateness.” 

The American Academy of Arts & Sciences, like its journal, brings togeth-
er distinguished individuals from every ½eld of human endeavor. It was
chartered in 1780 as a forum “to cultivate every art and science which may
tend to advance the interest, honour, dignity, and happiness of a free, inde-
pendent, and virtuous people.” Now in its third century, the Academy, with
its nearly ½ve thousand elected members, continues to provide intellectual
leadership to meet the critical challenges facing our world.

The labyrinth designed by Daedalus for King Minos of Crete, on a silver tetradrachma from
Cnossos, Crete, c. 350–300 b.c. (35 mm, Cabinet des Médailles, Bibliothèque National,
Paris). “Such was the work, so intricate the place, / That scarce the workman all its turns
cou’d trace; / And Daedalus was puzzled how to ½nd / The secret ways of what himself
design’d.”–Ovid, Metamorphoses, Book 8
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Expectations for a worldwide expan-
sion of nuclear energy have raised fears
that states could potentially procure sen-
sitive technologies used to manufacture
nuclear weapons or explosive devices.1
To cope with this problem, some have
advocated that enrichment and repro-
cessing facilities be constructed and op-
erated under multilateral arrangements.
Such an approach is generally viewed as
effective in ensuring safe and reliable ac-
cess to nuclear fuel and services at com-
petitive market prices while strengthen-
ing the nuclear nonproliferation regime
by removing incentives for countries to
develop indigenous fuel cycle capabilities.

All proposals for multinational fuel
cycle facilities have thus far originated
from “supplier states.” If multilateral
fuel cycle arrangements have attracted
only limited interest from “consumer
states,” it must be in part because the
existing market for enrichment services
has been operating reliably. Otherwise,
potential buyers would have more ac-
tively explored new ideas for ensuring
fuel supply. Clearly, something more
than market reliability is at issue here. 
If some consumer states fear that fuel
supply could be disrupted for purely
political reasons, others seem to fear 

that multilateral supply arrangements
could serve as a pretext for depriving
them of their rights to construct and
operate fuel cycle facilities domestically. 

This essay posits that further improve-
ment to the reliability of fuel supply is
best achieved by giving priority to fuel
leasing contracts, coupled with long-
term generic export licenses, and last-
resort multilateral fuel supply arrange-
ments. These arrangements are easier 
to implement in the short term, rather
than much more complex multinational
enrichment facilities. For neighboring
countries starting nuclear power pro-
grams, setting up a fuel procurement
consortium would provide safer and 
better fuel supplies than would their
individual participation in a multina-
tional enrichment facility. 

Regarding the back-end of the fuel
cycle, the development of multinational
spent-fuel storage and geological dispos-
al facilities will be relegated to the dis-
tant horizon due to the prevailing “Not
In My Backyard” (nimby) syndrome.
This is regrettable. Yet, as long as imped-
iments to multinational spent fuel man-
agement remain high, it is most urgent
to strengthen the International Atomic
Energy Agency’s (iaea) veri½cation au-
thority and improve the likelihood of
prompt and ½rm un Security Council
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action when a state is found to be in
non-compliance with its iaea safe-
guards or Nuclear Non-Proliferation
Treaty (npt) obligations.

Any utility that has invested in nucle-
ar power plants (npps) must have the
highest assurance that nuclear fuel will
be supplied in a timely manner and at 
a fair market price, to ensure that the
plants operate without interruption.
Almost all non-nuclear-weapons states
(nnws) have thus far relied on the in-
ternational nuclear fuel supply market 
to fuel their electrical npps. This depen-
dence on the market is true even for
countries that rely on nuclear energy 
for more than 30 percent of their total
electricity production. 

There is not a single example in histo-
ry when a state with a Comprehensive
Safeguards Agreement (csa) in force
was obliged to shut down its npp due 
to the denial of nuclear fuel shipments.
That said, today’s fuel supply industry 
is an oligopoly. Many electrical utilities
have not forgotten that during the mid-
1970s there was a cartel of uranium sup-
pliers and a single supplier of enrich-
ment services to Western states that, at
one point in time, either did not accept
new orders or imposed highly restrictive
commercial conditions. The situation is
much improved today, with well-estab-
lished competition between suppliers.

Yet the fact that states with less than
impeccable nonproliferation records
could argue that they need to produce
low-enriched uranium (leu) domesti-
cally has recently raised new prolifera-
tion concerns. Indeed, once a country
operates a uranium enrichment facility
(for example, based on the gas centri-
fuge process) and has either an indige-
nous conversion plant or a stockpile 
of UF6, it is technically in a position 
to produce high enriched uranium (heu)

suitable for nuclear weapons. heu can-
not be produced in a commercial enrich-
ment plant (that is, one normally limit-
ed to producing uranium with less than 
5 percent U-235) under iaea safeguards
without being detected. However, a com-
mercial enrichment plant could poten-
tially be quickly recon½gured to produce
heu if the state where the facility is op-
erating withdraws from the npt. There
is also a risk that a small, undeclared rep-
licate of the enrichment facility (based
on the same domestic technology) could
be operated clandestinely. Both Libya
and Iran have been able to work for some
20 years on the development of centri-
fuge enrichment without detection by
the iaea, prompting increased interna-
tional awareness that this is more than 
a theoretical possibility.

It is therefore urgent to develop a con-
cept that would guarantee reliable ac-
cess to fuel for nuclear power reactors 
in nnws while providing maximum
protection against the risks of nuclear
proliferation. In my view, the best way 
to do so would be for supplier states to
provide what I have described as long-
term “generic export licenses.”2 These
licenses consist of a bilateral agreement
between the consumer and supplier
states whereby the latter would provide
a binding, long-term export license for
nuclear fuel as long as speci½ed nonpro-
liferation, safety, and security conditions
are met by the recipient state, including:

1. The recipient state has not issued a 
notice of withdrawal from the npt.

2. The recipient state has concluded with
the iaea an infcirc/66-type safe-
guards agreement for the npp under 
consideration. This agreement would 
normally be subsumed under the csa, 
but would be implemented should the 
recipient state withdraw from the npt,
so that any fresh fuel or spent fuel re-
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maining in the recipient state would 
invariably be subjected to iaea safe-
guards.3

3. The recipient state has a csa and an 
Additional Protocol in force.

4. The iaea Secretariat has drawn the 
conclusion, on an annual basis, that 
there has been no diversion of nucle-
ar material placed under safeguards 
and that there are no undeclared nu-
clear material and activities in the 
recipient state. 

5. The iaea Secretariat has not raised 
questions or found inconsistencies 
concerning the recipient state’s nucle-
ar program that have not been resolved
within a period of 12 months. More-
over, the iaea Secretariat has found 
no indication of, in its judgment, po-
tential proliferation concerns.

6. The npp meets iaea safety standards 
and an adequate level of physical pro-
tection.

It would be the responsibility of the iaea

Director General to con½rm that these
conditions are met.

Multilateral approaches to nuclear
fuel supply guarantees include multina-
tional fuel procurement arrangements,
multinational enrichment facilities, and
the establishment of a nuclear fuel re-
serve. 

Multinational Fuel Procurement Arrange-
ments. It is virtually impossible for an
electrical utility envisaging the construc-
tion or operation of its ½rst npp to diver-
sify its fuel supply sources. Therefore, it
will likely have to store on-site a strate-
gic reserve of fabricated fuel assemblies
proportionally larger than what is neces-
sary for an electrical utility operating a
signi½cant number of npps. Alternative-
ly, it may be useful for states that are

constructing their ½rst npps and that are
within the same region, such as those be-
longing to the Gulf Cooperation Coun-
cil (gcc), to establish a common mul-
tinational fuel procurement company.
Given its size, such a company would 
be in a better commercial position to
diversify its fuel supply sources. More-
over, multinational ownership would
allow the company to limit the poten-
tial disruption of fuel supply for politi-
cal reasons. Collaboration in fuel pro-
curement would be more feasible and
economic than participation in multi-
national enrichment facilities.

Multinational Enrichment Facilities. Con-
trary to conventional wisdom, it is not
necessarily in the interest of a state or
company with a small nuclear program
to become a minority shareholder in a
multinational enrichment facility (mef).
Doing so would make the shareholder
almost exclusively dependent upon one
supplier, with little possibility of bene½t-
ing from the competition of multiple sup-
pliers. Becoming a partner in a mef is
like getting married. Those entering such
a project ought to know that getting di-
vorced will be dif½cult, long, and costly.

By contrast, through a multinational
fuel procurement company, a new nucle-
ar electrical company would be in a bet-
ter position, if deemed appropriate, to
participate in a mef to cover a fraction
of its enrichment needs.

Multilateral Fuel Supply Guarantees. A
nuclear fuel reserve, either owned by the
iaea or made available to it (the Rus-
sian model, for example), could provide
an ultimate fuel supply guarantee. Such
is particularly true in cases in which a
state that meets well-de½ned nonprolif-
eration, safety, and security criteria (as
veri½ed by the iaea) is denied fuel de-
liveries by a supplier for purely political
reasons and is unable to procure substi-
tute fuel elsewhere on the market.

Dædalus  Winter 2010 9
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If the objective of the consumer state
is to minimize the risk of fuel supply 
disruption for purely political reasons, 
it will need to ensure that the supplier
state provides the necessary export li-
cense in a timely manner. Ful½lling this
requirement is fundamental regardless
of whether the electrical utility is a share-
holder of a mef in another country.

The “Russian Initiative to Establish 
a Reserve of Low Enriched Uranium
(leu) for the Supply of leu to iaea for
its Member States”4 is a good example
of such a multilateral fuel supply guaran-
tee. The Russian conceptual mechanism
for guaranteeing consumer states access
to a physical reserve of 120 tons of leu in
the form of UF6 is remarkable.5 The UF6
will be stored in Russia at the Angarsk
International Uranium Enrichment Cen-
ter (iuec), under iaea safeguards and
free of storage, maintenance, or other
costs for the iaea. This fuel reserve will
be made available to any nnws member
of the iaea experiencing a disruption of
leu supply that is understood to be for
political reasons “unrelated to technical
or commercial considerations.”6

The supply mechanism is made up of
two agreements, both of which need to
be approved by the iaea Board of Gov-
ernors. The ½rst agreement, to be con-
cluded between Russia and the iaea,
would provide that:

•  Russia undertakes to make the request-
ed amount of leu (in the form of UF6) 
available to the iaea and to deliver the 
leu to the iaea for subsequent supply 
to the member state that has made the 
request to the iaea; and

•  Russia undertakes to issue without un-
due delay all necessary authorizations 
and licenses for the transfer of the leu

to the iaea and for export and supply 
of the leu to the consumer state.

The second agreement would be a sup-
ply agreement between the iaea and the
consumer state, based on a “Model Sup-
ply Agreement” (msa) that needs to be
approved by the iaea Board of Gover-
nors. Each supply agreement between 
a speci½c consumer state and the iaea,
based on the msa, would also have to 
be approved by the Board on a case-by-
case basis. The msa would de½ne the
conditions under which the supply of
leu would take place. The conditions
Russia has mentioned are:

1. The consumer state would have to be 
a nnws member of the iaea;

2. It must have “an effective Agreement 
with the iaea requiring the applica-
tion of safeguards on all its peaceful 
nuclear activities”;

3. The iaea has “drawn a conclusion 
that all nuclear material had been 
accounted for”; 

4.“That there was no indication of di-
version of declared nuclear material”;

5. “That there would not be any safe-
guards implementation issues con-
cerning the State under considera-
tion by the iaea Board of Gover-
nors”; and

6.The consumer state would have to 
pay Russia the actual market spot 
price for leu delivered, so that Rus-
sia would most likely “replenish” its 
physical reserve of leu available to 
the iaea.

Russia makes the supply of leu available
under the above conditions without re-
quiring the consumer state “to forgo any
rights, including rights to develop a coun-
try’s national fuel cycle capabilities.”7

Based on the ½rst two conditions, the
consumer state must be a nnws mem-
ber of the iaea with a csa in force. It
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therefore excludes nuclear-weapons
states and non-npt states (India, Isra-
el, North Korea, and Pakistan). What 
is not clear is the meaning of an “effec-
tive” safeguards agreement. Does it only
mean “in force,” or does it mean some-
thing more? For example, could it mean
that the iaea is able to implement fully
all provisions of the csa, including Sub-
sidiary Arrangements conforming to the
Board’s requests (for example, Code 3.1
relating to the early provision of design
information)?

Condition 3 implies that the consumer
state has an Additional Protocol in force
and that the Agency has drawn the so-
called broader conclusion that there is
no undeclared nuclear material (and ac-
tivities) in the state as a whole. This con-
clusion implies that “no indication has
been found by the Secretariat that, in its
judgment, would give rise to a possible
proliferation concern.”8 It is worrying
that a Director General’s report of May
21, 2009, describing the Russian Initia-
tive to iaea member states, no longer
mentions this requirement as an “eligi-
bility condition.”9 Did the Russian au-
thorities change their position in the
time between May 6 and 21?

Condition 4 relates to “indication of
diversion of declared nuclear material,”
raising the question of what constitutes
an “indication” and how such an indica-
tion would be brought to the attention
of the Board before it approves the state-
speci½c supply contract. For instance,
would a cumulative quantity of Material
Unaccounted For (muf) of more than
one signi½cant quantity constitute such
an indication? This type of information
is usually only reported, if at all, in vague
terms in the Safeguards Implementation
Report (sir) without naming the state
in question.

Condition 5 is perfectly relevant. It
should however be made clear that if 

a consumer state were to call upon the
Russian/iaea leu fuel supply guaran-
tee, the Board would require the Direc-
tor General to make a full report to the
Board on all nonproliferation-relevant
information concerning that state, be-
fore approving the speci½c supply con-
tract.

In addition to the six Russian condi-
tions mentioned above, the msa should
provide, inter alia, that the leu delivered
is to be used exclusively for the fabrica-
tion of fuel assemblies, which will be
loaded in speci½c electrical npps.

One of the most dif½cult issues will 
be how to determine if a disruption ex-
perienced by a member state is exclu-
sively for political reasons “unrelated 
to technical or commercial considera-
tions.” Who is to make such a judgment?
The iaea has no knowledge of the com-
mercial provisions contained in nuclear
fuel contracts, and it is not competent 
to make an authoritative judgment on
whether these provisions have been met
by either party. Under the supply con-
tract it is likely that such a judgment 
can only be made by a three-judge arbi-
tral tribunal, a procedure that can take
months, if not years.

Schematically, there are three main
steps in the management of spent fuel:

1. Storage after unloading at the npp, 
½rst in a pond and then, possibly, in 
dry storage casks;

2. Storage at:
a) a centralized facility where the 

spent fuel will be stored for a num-
ber of decades;

b) a facility close to a plant where the 
spent fuel will be conditioned in a 
form appropriate for ½nal (geologi-
cal) disposal, either as spent fuel in 
appropriate containers or after un-
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dergoing some mechanical treat-
ment (for example, being cut into 
pieces) and encapsulation; or

c) a combined reprocessing and mox

facility, which mainly produces 
high-level vitri½ed waste (hlw), 
mixed U and Pu oxide (mox) fuel 
elements, and some UO2;

3. Disposal of the hlw or encapsulated 
spent fuel in a geological formation.

With respect to safeguards, steps 1 and
2a are the easiest to implement; step 2c
is the most dif½cult. 

For a country embarking on a new
npp program, there are, in the current
environment, no economic or techni-
cal incentives to opt for spent fuel repro-
cessing, at least not during the ½rst de-
cade of operation. By far the easiest and
least cost-intensive solution is to store
the spent fuel for as long as possible at
the npps. This is the solution that has
been implemented by most nuclear elec-
trical utilities in the world, but it raises
the concern of having spent fuel con-
taining plutonium in facilities scattered
all over the world, which is vulnerable 
to potential theft, diversion, or misuse. 

As is well known, spent fuel assemblies
contain plutonium that can be recovered
through reprocessing and, depending on
its quality, used to manufacture nuclear
weapons or explosive devices. It is highly
unlikely that spent fuel under iaea safe-
guards could be diverted in any signi½-
cant quantity from a npp without be-
ing detected. However, once a state has
accumulated spent fuel assemblies and
mastered the reprocessing technique, it
could, as the Democratic People’s Repub-
lic of Korea did in January 2003, with-
draw from the npt and recover the plu-
tonium for military purposes.

For a new nuclear electrical utility, the
most attractive alternative to storing

spent fuel at the npp would be to con-
clude an “all-inclusive” fuel contract
with the supplier state. Under the con-
tract, the supplier would deliver fresh
fuel assemblies (that is, procure urani-
um, conversion, enrichment, and fabri-
cation services) and take back the spent
fuel after an agreed-upon cooling and
storage period at the npp. For the con-
sumer state, an all-inclusive fuel con-
tract would have the great advantage 
of eliminating the problem of having 
to manage hlw domestically, thereby
avoiding possible local opposition.

In addition, as a matter of good prac-
tice and to guarantee to the supplier state
that the necessary funds will be available
to cover future spent fuel management
costs, the following mechanisms would
be implemented. For each kilowatt-hour
(kWh) produced by the npp, a speci½ed
amount of money (often expressed in
usd mills per kWh, or, “millage”) would
have to be paid monthly into a dedicat-
ed escrow account. This payment would
cover all transportation costs of the spent
fuel to the supplier state as well as all
costs incurred for the management, stor-
age, conditioning, and ½nal disposal of
the spent fuel assemblies after their re-
turn to the supplier state. The account
would have to be managed by an appro-
priate international organization, such
as the European Bank for Reconstruc-
tion and Development (ebrd), the In-
ternational Monetary Fund (imf), or
possibly the iaea.

If the supplier state is allowed by law
to retain the spent fuel without having 
to return any radioactive waste to the
recipient state, then the full amount of
the corresponding millage would be re-
leased by the fund (with accrued inter-
est) to the supplier state, after it has re-
imported the spent fuel. In some cases,
however, the supplier may be legally ob-
ligated to include a contract provision

Book_Wi2010:Daedalus.qxd  12/8/2009  12:29 PM  Page 12



whereby the recipient state would have
to take back vitri½ed hlw, or any other
properly conditioned form of hlw, in a
quantity (and toxicity level) equivalent
to that of the ½ssion products contained
in the spent fuel. This concept has been
implemented by both France’s cogema

and British Nuclear Fuels (bnfl) for cus-
tomers of their reprocessing facilities.
The return of hlw would take place
after an agreed-upon period of storage 
in the supplier state. That period could
either be very short or take up to 25 years
or more. In such a case, only an agreed-
upon proportion of the millage would 
be paid to the supplier state. The remain-
ing would be repaid (with accrued inter-
est) to the recipient state upon return of
the hlw. 

It is clear that the proposed fuel con-
tract will be most attractive to the recip-
ient state if it completely resolves that
state’s spent fuel and hlw management
problems. Such would likely be the case
only in a recipient state that has not yet
accumulated a large amount of spent
fuel from npps. When a recipient state
has already accumulated spent fuel from
one or more research reactors, the re-
moval of spent fuel by the supplier state
(under agreed-upon terms) would con-
siderably increase the attractiveness of
the supply agreement. By contrast, if 
the supplier state were to request that
the vitri½ed hlw be sent back to the re-
cipient state, this attractiveness would
be reduced.

An important side bene½t of this
scheme is to guarantee that all costs re-
lated to the back-end of the fuel cycle
would be included from the start in the
price of electricity produced by the npp

and not postponed (possibly for a half-
century or more). Regrettably, today
only Russia is in a position to offer such
fully integrated services.10 At any rate, 
it would be safe and good management

practice for any new consumer state to
initiate an R&D program for the ½nal
disposal of spent fuel and hlw as soon
as a decision to construct a ½rst npp

has been made.

In order not to accumulate quantities 
of spent fuel containing plutonium in
each and every country operating npps,
would there be some merit in consider-
ing regional multinational spent fuel
storage facilities? In other words, would
such a facility:

•  be economically advantageous?

•  be better from a nonproliferation and 
security point of view?

To answer these questions, one should
consider three subcases depending on
whether the spent fuel storage facility:

•  is a stand-alone facility;

•  is coupled with a spent fuel condition-
ing facility; or

•  is coupled with a spent fuel condition-
ing facility located at a potential multi-
national spent fuel and hlw geological
disposal site.

Today, the states that have accumulat-
ed the largest quantity of spent fuel and
hlw are the United States, France, Rus-
sia, Germany, Japan, South Korea, Tai-
wan-China, Canada, the United King-
dom, and Sweden. Among these states,
Russia, France, the United Kingdom, 
and Japan are storing spent fuel at their
national reprocessing facilities in addi-
tion to storing spent fuel on-site at their
npps. Sweden has built a stand-alone
centralized storage pond 30 meters be-
low the ground surface (the so-called
clab, designed to provide storage ca-
pacity for 30 to 40 years before ½nal 
disposal) located near the Oskarshamn
npp. Germany has constructed interim
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storage plants for spent fuel in large casks
at Gorleben (lower Saxony) that were
eventually supposed to be disposed of
on-site in a deep salt geological reposito-
ry, as well as at Ahaus (Nordhein-West-
falen). The German government has sus-
pended shipments of spent fuel casks to
Gorleben and Ahaus due to intense pub-
lic opposition. If the Swedish exception
can attest to the lack of attractiveness of
stand-alone centralized spent fuel stor-
age facilities, then the construction of 
a regional multinational storage facility
should not be anticipated anytime soon,
notwithstanding its intrinsic nonprolif-
eration and security merits.

Constructing a new reprocessing plant
cannot be economically competitive un-
less it has a large annual capacity (for ex-
ample, between 800 and 1,000 tons of
heavy metals) and guaranteed contracts
with customers to ½ll that capacity over
a long period of time (20 years or more).
Reprocessing spent fuel should not take
place as long as the owner of the fuel is
not in a position to recycle the resulting
plutonium as mox fuel (UO2-PuO2) or 
otherwise sell it for recycling by another 
electrical utility.

States with signi½cant experience 
with light water reactors should consid-
er the merits of burning in their reactors
excess civilian (weapons-grade) plutoni-
um (such as the plutonium stored in the
United Kingdom) or plutonium originat-
ing from dismantled nuclear warheads.
In order for the resulting mox fuel as-
semblies to be competitive with low-
enriched fuel elements, it is likely that
the owner of the excess plutonium will
have to pay the electrical utility to ac-
cept and recycle it in its npps. In other
words, the excess plutonium takes on 
a negative economic value.11

In his opening remarks to the Septem-
ber 2003 General Conference of the iaea,

Director General Mohamed ElBaradei
noted that “considerable economic, safe-
ty, security and non-proliferation advan-
tages may accrue from international co-
operation on the construction and oper-
ation of international waste reposito-
ries.” Indeed, “for many countries with
small nuclear programmes for electric-
ity generation or for research, the ½nan-
cial and human resource investments
required for research, construction and
operation of a geologic disposal facility
are daunting.”

Yet most national laws (except in Rus-
sia) are presently based on the principle
that every country needs to store and dis-
pose of its own nuclear waste within its
national borders. The “All In My Back-
yard” (aimby) principle, which is cur-
rently deemed to be politically correct, 
is in fact another version of the nimby

syndrome, de½ned as outright opposi-
tion to the importation of foreign waste
for long-term storage and disposal in
one’s own country. This widespread pol-
icy should be reconsidered and modi½ed
as appropriate since it is counterproduc-
tive from an economic, safety, and non-
proliferation point of view.

Whether dealing with the front- 
or back-end of the nuclear fuel cycle, 
it is important to identify the charac-
teristics of a multinational facility that
would make it most valuable from a
nonproliferation and security perspec-
tive. When dealing with sensitive fuel
cycle facilities, such as enrichment and
reprocessing plants, a ½rst necessary
condition is to have at least three part-
ners (or shareholders), none of whom
has a majority stake. A joint venture
between two neighboring states with 
the host country holding a majority
share would likely not add much ben-
e½t from a nonproliferation point of
view. However, for a spent fuel storage
or disposal facility (as is the case of
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shared npps) such a condition would
not be necessary. In order not to spread
sensitive enrichment technologies, mul-
tinational facilities should be established
on the basis of a “black box” for share-
holders who are not technology holders. 

As a prerequisite, the iaea should 
also con½rm that the six conditions men-
tioned on pages 8 and 9 have been met
by the host country and the relevant fa-
cility. Foreign partners will have to ad-
dress the sensitive issue of how to cope
with cases in which the host country is
either found in non-compliance with its
safeguards obligations or withdraws
from the npt. 

As exempli½ed by North Korea and
Iran, one of the greatest dif½culties in
deterring states from violating their
nonproliferation undertakings is their
hope that, for geopolitical or econom-
ic reasons, at least one of the ½ve veto-
wielding members of the un Security
Council will oppose the adoption of ef-
fective sanctions. It is therefore urgent
to strengthen the iaea’s veri½cation au-
thority and improve the likelihood of
prompt and ½rm Security Council ac-
tion when a state found in non-compli-
ance with its iaea safeguards or npt

obligations does not fully cooperate 
with the Agency in promptly resolv-
ing any outstanding issues. 

To guarantee a timely Security Coun-
cil reaction in cases of non-compliance,
the Security Council should adopt a ge-
neric (that is, not state-speci½c) resolu-
tion, under Chapter VII of the un Char-
ter, based on the model contained in
Annex I of my recent Carnegie Paper on
“Concrete Steps to Improve the Nonpro-
liferation Regime.”12 Such a generic res-
olution would establish, independently
of any speci½c case, that when a state is
found by the iaea to be in non-compli-
ance with its safeguards agreement, the

following steps would automatically
take effect:

1. The Security Council would, upon 
request by the iaea, automatically 
adopt a speci½c resolution under Chap-
ter VII requiring that state to grant 
the iaea extended access rights, set 
out in a model Temporary Comple-
mentary Protocol (tcp).13

2.If the non-compliant state does not 
promptly and fully implement the 
tcp the Security Council would then 
adopt a second speci½c resolution re-
quiring the state to suspend immedi-
ately all sensitive nuclear fuel cycle-
related activities.

3. In case of further refusal to comply, 
the Security Council would adopt a 
third Chapter VII resolution calling 
on all states to suspend forthwith the 
supply of any military equipment and 
cooperation with the non-compliant 
state as long as it remains in non-com-
pliance with Security Council and 
iaea resolutions.

These concrete steps by the Security
Council would provide a strong disin-
centive for states to defy legally binding
Security Council resolutions without
triggering sanctions that could impact
the well-being of ordinary citizens. 

Are there enrichment or reprocess-
ing technology holders interested in
establishing a multinational facility in 
a nnws that does not already operate
such a plant? My impression is that the
true answer is no, unless there is a strong
economic advantage to do so. The Ger-
man government has been encouraged
by international interest in its proposed
Multilateral Enrichment Sanctuary Proj-
ect.14 I doubt, however, that a technolo-
gy holder like Urenco would ½nd much
commercial interest to participate in
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such a complex project,15 even if the
company would not likely admit this 
in public to avoid criticism from Ger-
man authorities.

Concerning the back-end of the nucle-
ar fuel cycle, notwithstanding the obvi-
ous economic, security, and nonprolif-
eration merits of establishing a multi-
national geological spent fuel and hlw

disposal facility, unfortunately it seems
that no government would likely sup-
port such a project on its territory (even
if a perfect geological formation exists)
as long as it has to face the nimby syn-
drome. For the reasons explained in this
paper, multinational stand-alone spent
fuel storage facilities are also unlikely 
to be built anytime soon.

The only nnws that appears to be in-
terested in constructing a new spent fuel
reprocessing plant is South Korea. The
problem is that, according to the “Joint
Declaration of South and North Korea
on the Denuclearization of the Korean
Peninsula,” which entered into force 
on February 19, 1992, it was agreed that
“South and North Korea shall not pos-
sess nuclear reprocessing and uranium
enrichment facilities,” and that “South
and North Korea shall not test, manufac-
ture, produce, receive, possess, store, de-
ploy or use nuclear weapons.” Now that
North Korea has twice tested nuclear de-
vices,16 and, in April 2009, expelled iaea

inspectors tasked to monitor and verify
the shutdown status of Yongbyon’s facil-
ities, it is uncertain how long South Ko-
rea will continue to feel bound by the
1992 Joint Declaration.

The issue is complicated by the fact
that South Korea wishes to recover nu-
clear material contained in spent fuel
through a process called “pyroprocess-
ing,” to create new fuel that can be used
in next generation fast reactors. Some
U.S. of½cials support the South Korean
point of view that “pyroprocessing is 

not reprocessing because it does not 
produce pure plutonium.”17 Under its
current nuclear cooperation agreement
with the United States, which remains 
in force until 2014, South Korea cannot
reprocess spent fuel without ½rst obtain-
ing U.S. approval. To make the project
more acceptable internationally, South
Korea has unof½cially indicated its will-
ingness to consider the construction of
the pyroprocessing plant on its territo-
ry under a multinational arrangement.
Whether such a gesture would satisfy
potential proliferation concerns re-
mains to be seen. 

The case for multinational enrichment
plants may be different since more states
have indicated a potential interest to par-
ticipate in such facilities and reserve the
right to construct one domestically in
the future. Among them are Canada and
South Africa, the latter of which operat-
ed an enrichment facility before disman-
tling it after joining the npt.

Kazakhstan has taken a 10 percent par-
ticipation in the Russian International
Uranium Enrichment Center (iuec) at
Angarsk. Ukraine and Armenia have in-
dicated that they intend to take similar
shares.18 It should be stressed that the
iuec is not, as its name suggests, an en-
richment plant, but rather a leu storage
facility located on the site of the Angarsk
Electrolysis Chemical Complex (aecc),
which operates the enrichment plant.
Participants in the iuec (of which Rus-
sia will retain a majority share) will have
guaranteed access to the uranium capa-
city of the aecc. It is not clear why a
country like Armenia–which has only
one npp

19 in operation and no large ura-
nium resources–is interested in partic-
ipating in the iuec, unless the venture 
is part of a broader commercial and ½-
nancial agreement with Russia.

The cases of Iran and Brazil also bear
mentioning. There have been some indi-
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cations in the past that Iran would be
willing to allow the participation of 
foreign partners in its uranium enrich-
ment facility at Natanz. While the rights
and obligations of foreign partners of a
prospective multinational enrichment
facility at Natanz have never been dis-
cussed, it is likely that Iran would retain
the right to develop, produce, and install
its own centrifuges in that facility with-
out providing access to the centrifuge
manufacturing workshops. Iran might
welcome foreign technology holders 
to help in the development of more ef-
½cient centrifuges, but it is doubtful,
given present circumstances, that any 
of them would ½nd a commercial inter-
est in doing so. Since the Natanz enrich-
ment plant can in no way be commer-
cially competitive with other such fa-
cilities, there is little economic incen-
tive for foreign entities to become part-
ners. The only possible motivation
would be political, if such a move can 
be seen as increasing the con½dence 
that Iran’s nuclear program is being
developed exclusively for peaceful 
purposes. 

Conversely, it is quite understand-
able that Iran has so far shown limit-
ed interest in becoming a partner in 
the iuec at Angarsk. Iran might fear 
that participating in such a project
would increase the international pres-
sure for it to suspend or even abandon
its domestic enrichment program. Iran
has also indirectly been a shareholder20

of the large eurodif enrichment plant
in France since the late 1970s but has
never been able to obtain leu from 
that facility. This highlights that the 
real issue at stake is the guarantee to
obtain necessary export licenses not
only from the state where the enrich-
ment takes place, but also from the
country where the fuel fabrication 
plant is located (if it is not the same).

In Brazil, the Navy and the Nuclear
Energy Commission (cnen) began de-
veloping centrifuge enrichment technol-
ogy in the early 1980s. They are operat-
ing small centrifuge cascades at the Ara-
mar Experimental Center, inaugurated
in 1988. The facility is presently under
iaea safeguards, but Agency inspectors
have no access inside the cascades. 

More recently, Brazil has constructed
the Resende Nuclear Fuel Facility, a cen-
trifuge enrichment plant managed by
Nuclear Industries of Brazil (inb) and
the Brazilian Navy. The capacity of the
facility will increase progressively and 
is expected, by 2015, to cover the needs
of the country’s two npps, Angra 1 and
2. The enriched uranium that will be nec-
essary to fuel Brazil’s nuclear propulsion
submarines will likely be produced in an-
other enrichment facility.21

Brazil’s enrichment program has raised
concerns that it could weaken the non-
proliferation regime, not least because
Brazil is the only nnws aside from Ar-
gentina that is currently operating urani-
um enrichment facilities without having
signed an Additional Protocol. Reported
dif½culties experienced by iaea inspec-
tors in carrying out inspections of Brazil’s
enrichment facilities and the involve-
ment of the Brazilian military establish-
ment in the country’s enrichment pro-
gram only further add to concerns.

The February 2008 agreement be-
tween Argentina and Brazil to set up a
bi-national uranium enrichment hold-
ing will in no way allay proliferation
concerns, whereas ratifying the Addi-
tional Protocol certainly would. Rati½-
cation of the Additional Protocol would
also lift the remaining obstacle to the Nu-
clear Suppliers Group’s (nsg) adoption
of a policy requiring suppliers to author-
ize the transfer of enrichment and repro-
cessing technologies only to states with
an Additional Protocol in force.
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The existing commercial market for 
the supply of nuclear fuel is working
well. Backup mechanisms similar to 
the Russian Initiative or reliance on a
physical reserve of leu owned by the
iaea would further improve fuel sup-
ply guarantees.

Fuel leasing contracts coupled with
long-term generic export licenses 
should also constitute a strong incen-
tive for states that are starting to con-
struct npps for electricity production 
to rely on the international fuel market,
rather than on the expensive develop-
ment of sensitive fuel cycle facilities
domestically. 

The most convincing evidence 
that the supply of fabricated fuel as-
semblies to operating npps will not be
disrupted for political reasons can be
found in un Security Council Resolu-
tion 1737 (December 27, 2006). Indeed,
although Iran does not meet the condi-
tions required by Russia under its “Guar-
anteed Reserve of leu Initiative” and is
not complying with iaea and Security
Council resolutions, Resolution 1737 pro-
vides that “all States shall take the neces-
sary measures to prevent the supply . . . 
of all items, material, equipment, goods

and technology which could contrib-
ute to Iran’s enrichment-related . . . activ-
ities . . . except the supply, sale or transfer
of . . . low enriched uranium . . . when it is
incorporated in assembled nuclear fuel
elements for [light water] reactors.”

Establishing multinational spent fuel
storage and disposal facilities remains 
a valuable long-term objective. Truly
multinational enrichment facilities lo-
cated in nnws may also provide some
nonproliferation and security bene½ts
depending on the circumstances, but 
the priority should be placed on the bi-
lateral and multilateral arrangements
described above, which can be imple-
mented rapidly.

Above all, it is urgent to strengthen 
the iaea’s veri½cation authority and
improve the likelihood of prompt and
½rm un Security Council action when 
a state is found to be in non-compliance
with its iaea safeguards or npt obliga-
tions and does not fully cooperate with
the Agency in promptly resolving any
outstanding issue. Rapid implementa-
tion of the concrete steps and the fuel
supply and spent fuel management mea-
sures described in this essay is crucial for
the future success of the npt regime.22
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On July 18, 2005, President George W.
Bush and Indian Prime Minister Man-
mohan Singh announced their desire to
change a series of national laws and in-
ternational rules that the United States
had helped create over a 30-year period
to strengthen the nonproliferation re-
gime. These rules were meant to deny
nuclear cooperation with India and
other states that refused either to sign
the Nuclear Non-Proliferation Treaty
(npt) or to put all of their nuclear fa-
cilities under international safeguards.
Between 2005 and September 2008,
Bush and Singh personally invested 
large amounts of political capital to 
win all the national and internation-
al approvals required to accommodate
India’s request for nuclear cooperation.
What began as an obscure, albeit revo-
lutionary, quest by a handful of driven
individuals in Washington and New
Delhi, ended up as an agreement by the
45 members of the Nuclear Suppliers
Group (nsg) to exempt India from non-
proliferation rules that are supposed to
remain applicable to all other states.

The making and enforcing of interna-
tional rules is frequently quixotic. Mak-
ing rules is often tedious and compro-

mising, while their enforcement is often
absent or feckless. The nuclear nonpro-
liferation regime has suffered these af-
flictions. However, considering that the
ambition is to regulate the most power-
ful technology and material known to
humankind, the rules that have grown
around the npt since 1968 have been
remarkably successful. The nonprolif-
eration regime is a key structure of the
nuclear order that most people in the
world would rather not live without.
Some wish that this nuclear order 
would more strongly incline toward 
the abolition of nuclear weapons, or
would more actively promote distri-
bution of nuclear energy. Others wish
that it would concentrate more effec-
tively on stopping proliferation. Few
want the disorder that would follow 
a collapse of the bargains on which 
the current system of rules depends.
Thus many observers and governments
fear that the nsg-India nuclear deal 
is a bad portent: it may signal corro-
sion of the rules-based nuclear order. 

The nuclear nonproliferation regime’s
success owes largely to the fact that the
two leaders of the bipolar world cooper-
ated in drafting and negotiating the npt

in the mid-1960s. Even as they competed
everywhere and built arsenals capable of
destroying life on earth many times over,
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the superpowers worked closely to 
frame rules to prevent additional ac-
tors from acquiring nuclear weapons.
Washington and Moscow persuaded 
key states to sign the npt, in part by
pledging that no states beyond the 
United States, Russia, China, France, 
and the United Kingdom would ac-
quire nuclear weapons. The superpow-
ers also guaranteed others against nu-
clear threats; Germany, Italy, Japan, 
and Australia were among those per-
suaded to sign the npt on this basis. 
As the bipolar order collapsed with 
the Soviet Union in the early 1990s, 
the United States and Russia contin-
ued to cooperate to induce Belarus,
Kazakhstan, and Ukraine to transfer 
the nuclear weapons on their territory 
to Russia. Argentina, Brazil, and South
Africa joined the npt as part of nation-
al strategies to integrate with the glob-
al nuclear order. The impression grew
that the Cold War system would be re-
placed by a globalized, rule-based order
founded on market economics, democ-
ratization, and gradual nuclear disar-
mament. 

To states not allied with Washington,
the 1990s was a period when the United
States, unbalanced in power by the fall
of the Soviet Union, became nearly heg-
emonic. In hegemonic systems, rule-
making and enforcing tend to depend 
on the leader. Theoretically, a benign
hegemon can induce others to subscribe
to rules by reassuring them that advan-
tages will be mutual and disputes will be
resolved fairly. Yet the virtue of a hege-
mon is in the eyes of the beholder: other
states in the system may see self-dealing,
if not malice, in the hegemon’s prefer-
ences. Historically, there is a natural ten-
dency from others to try and balance the
hegemon. By the late-1990s, Russia and
China spoke openly of preferring a mul-
tipolar system. India, Brazil, and South

Africa also developed intentions and
capabilities to rise as major powers. 
Iran, Iraq, and North Korea increas-
ingly sought to deter intervention by 
the United States now that there was 
no competing superpower with which
they could align for protection. States
most wary of the U.S.-led order–Iran,
Iraq, North Korea, Libya, and Syria–
sought to defeat the nonproliferation
system and acquire nuclear weapons
capabilities, sometimes through coop-
eration among themselves. Terrorist
groups scrambled for capabilities to
threaten the United States and other
states that followed its lead, al Qaeda
being the prime example.

Each of these tendencies was exac-
erbated by the election of George W.
Bush in 2000 and the 9/11 attacks on 
the United States. The new U.S. admin-
istration explicitly sought to buttress
and assert U.S. hegemony, “dissuade”
the emergence of a “peer competitor,”
and remove or neuter undemocratic
regimes hostile to the U.S.-led interna-
tional order.1 The administration want-
ed to strengthen the terms and enforce-
ment of rules that constrained others
while leaving U.S. power unchecked.
States that wanted to reduce the rela-
tive power of the United States and 
gain influence for themselves were
inclined to resist. 

The multiple effects of these com-
peting interests and trends cannot be
elaborated here. In short, the nonpro-
liferation regime was being stressed; 
the United States, the actor most need-
ed to rally others to strengthen the re-
gime, instead spoke and acted in ways
that undermined cooperation rather
than encouraged it. It is in this context
that the implications of the nuclear 
deal with India are explored here.

The U.S.-India nuclear deal and its
transformation into the nsg-India nu-

Dædalus  Winter 2010 21

Global
implications 
of the U.S.-
India deal

Book_Wi2010:Daedalus.qxd  12/8/2009  12:30 PM  Page 21



22 Dædalus  Winter 2010

clear deal involved making and unmak-
ing international rules. By exempting
India from rules, the deal amounted to
selective non-enforcement. At the same
time, the United States, appropriately,
was emphasizing the need for more ro-
bust enforcement of international rules.
Less powerful states, also appropriate-
ly, were insisting that the bargains un-
derlying the nonproliferation regime
should be enforced fairly. To many, 
fairness means universal enforcement.
From this perspective, the importance 
of the nuclear deal with India has less 
to do with India than with the capitals 
of the states that make and enforce the
rules, particularly the United States.
India sought what its leaders wanted. 
It was up to others to protect the glob-
al public good that derives from the 
rule-based nuclear order. 

It is beyond the scope of this essay to
narrate the day-to-day story of how the
United States and India navigated their
own political processes and those of the
International Atomic Energy Agency
(iaea) and the nsg to bring the deal to
fruition. The ½nal terms exempted sup-
pliers from previous restrictions on nu-
clear cooperation with India, enabling
them to sell reactors and related compo-
nents, fuel, software, and other dual-use
equipment. In return, India agreed to de-
clare publicly which of its current and
future nuclear facilities are civilian and
which are military, and to put the form-
er under the most advanced internation-
al safeguards, called the Additional Pro-
tocol. Further, India agreed to institute
effective export control systems consis-
tent with the nsg and to refrain from
transferring enrichment and reprocess-
ing technologies to states that do not
now have them. New Delhi also pledged
to continue its “unilateral moratorium”
on nuclear testing.

The following beliefs or assumptions
drove the nuclear deal:

•  Balance-of-power competition super-
sedes rule-based international regimes 
in practice and, in some cases, moral-
political principle;

•  The rule-based nonproliferation re-
gime, with its underlying premise that 
all states should be treated equally and 
that disparity in treatment should be 
the result of balanced bargains, fails 
to eliminate the threats posed by the 
most dangerous actors but constrains 
the power of benign actors such as the 
United States and India; 

•  China is the only rising power that 
could have the capability and inten-
tion to rival U.S. hegemony. There-
fore a top priority should be to dis-
suade China from attempting to rival 
the United States militarily, including 
by ensuring that China’s neighbors 
share U.S. interests in balancing Chi-
nese power; and 

•  India, a rapidly growing, established 
democracy with an increasingly im-
portant diaspora, should be elevated 
in international rank and drawn into 
closer partnership with the United 
States. 

Not all of the key ½gures in the Bush
administration shared all of these strate-
gic assumptions. But these basic premis-
es were held by enough high-level of½-
cials to create an environment in which
the U.S.-India nuclear deal could gestate.
As Ashley Tellis recalls, “The adminis-
tration’s own antipathy to nuclear arms
control agreements such as the Compre-
hensive Test Ban Treaty and the Fissile
Material Cut-off Treaty . . . coupled with
its strong expectation of an eventual re-
newal of great-power competition, al-
lowed both realist and neoconservative
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factions within the administration to
take a more relaxed view of New Delhi’s
emerging nuclear capabilities.”2

Realists and neoconservatives believed
that the rule-based nonproliferation re-
gime often fails to deter or reverse the
illicit nuclear activities of dangerous
actors. Rules tend to constrain the mili-
tary power and economic activities of
unthreatening law-abiding actors, in-
cluding the United States, while being
exploited by the ones that most need 
to be checked. Therefore it makes little
sense to expend time, leadership, and
potential military advantage in negoti-
ating better rules and pursuing enforce-
ment through unwieldy international
bodies. 

Some conservatives, including John
Bolton and Robert Joseph, privately dis-
sented from the idea that the remedy for
inadequate rules was to stop enforcing
them against India. But these nonpro-
liferation specialists did not suf½ciently
appreciate the administration’s grand
strategy: to place a state’s friendliness
toward the United States and, where ap-
plicable, that state’s democratic charac-
ter, above speci½c behaviors such as nu-
clear policy. The friendliness of India
toward the United States was more im-
portant than its nuclear policy, period,
especially insofar as it could help con-
strain China’s future power. The deal’s
champions–Ambassador Robert Black-
will, State Department counselor Phillip
Zelikow, advisor Ashley Tellis, Secretary
of State Condoleezza Rice, and National
Security Advisor Stephen Hadley–per-
suaded the president to issue internal
guidance to negotiators that terms of 
the deal should not constrain India’s
strategic capabilities. As discussed be-
low, this practically precluded insistence
that India accept nonproliferation limi-
tations on its production of ½ssile mate-
rials for military purposes or that it sign

the Comprehensive Test Ban Treaty
(ctbt), among other things. 

Champions of the nuclear initiative
toward India also argued that sizable
U.S. concessions would reap nonprolif-
eration gains, not losses. India would
now strengthen its nuclear export con-
trols and resist future temptation to sell
sensitive nuclear technology or know-
how to states or individuals with dubi-
ous intentions and records. India was, 
in fact, already obligated by un Securi-
ty Council Resolution 1540 to maintain
the tightest possible export controls, 
and India’s own self-proclaimed repu-
tation as a responsible steward of nu-
clear technology committed it to exem-
plary nuclear practices. Thus, it could
seem strange and unnecessary to bribe
India with drastic changes in U.S. and
international nonproliferation rules 
to do what responsible nuclear actors
should do in any case. To this claim,
administration grand strategists coun-
tered, “Virtue is not its own reward.”3

France and Russia were entirely sup-
portive of loosening restrictions on nu-
clear commerce with India, but the ini-
tiative was Washington’s, developed
without consulting Paris and Moscow
even though both were known to be
sympathetic. Administration leaders
judged that proceeding through discus-
sions and negotiations with the broader
international community would drasti-
cally slow the process and dilute the re-
sults. Similar concerns motivated these
individuals to limit Washington’s inter-
agency process of shaping the proposed
deal. 

The “virtuous” states in the nuclear
nonproliferation regime, and most of 
the regime’s devotees around the world,
feared that rewarding a state that was
outside of the npt and possessed nucle-
ar weapons would weaken the nuclear
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order. By granting India full interna-
tional nuclear cooperation heretofore
reserved only for states that allow inter-
national safeguarding of all their nucle-
ar facilities and materials, the deal gave
India bene½ts that the non-nuclear-
armed states felt devalued their virtue. 

Concern over devaluing the nuclear
abstinence of others could have been
mitigated if the United States had ex-
tracted commitments from India to 
sign the ctbt and to end production 
of ½ssile materials for nuclear weapons.
These two arms control measures had
long been atop the international com-
munity’s benchmarks for ending the
nuclear arms race and facilitating nu-
clear disarmament. If the offer of nu-
clear cooperation could have induced
India to take these steps (which it other-
wise was unwilling to do), then a deal
could have been seen as a worthwhile
advance toward the ultimate goal of
nuclear disarmament, albeit imperfect.
This would be especially important to
non-nuclear-weapons states, the ones
that felt most devalued by the move to
exempt India from the rules that they
lived by.

Many factors will determine India’s
future actions, of course, but it is possi-
ble that the nuclear deal will make India
less, rather than more likely to join the
ctbt and end ½ssile material produc-
tion for weapons. The nuclear deal has
encouraged India to develop new pluto-
nium separation capabilities for military
purposes, especially as, under the deal,
India has declared that its Fast Breeder
Reactor will be part of its weapons pro-
gram. India already had perceived a 
need for additional separation capabil-
ities. However, the explicit separation 
of civilian from military facilities pro-
vides the Indian government domestic
political cover to invest in new plants.
New Delhi can say that this spending 

is a necessary consequence of receiv-
ing the civilian bene½ts of the deal. The
question then arises whether India will
in the foreseeable future agree to a mor-
atorium or a treaty that would curtail 
the operations of newly built and paid-
for military plutonium separation capa-
bilities. 

In negotiating the deal, the U.S. 
and Indian governments pointed to In-
dia’s support of a Fissile Material Cut-
off Treaty (fmct) as evidence of the
nonproliferation bene½ts that would
come from cooperating with New Del-
hi. This was cynical even by standards 
of diplomacy. Both states knew that 
a fmct would take years to negotiate, 
and that their own differences over the
prospective treaty’s terms would slow, 
if not block, agreement. (For example,
the Bush administration proposed a
treaty without veri½cation, while India
insisted that veri½cation be included.) 

Focusing on a fmct obscures an im-
mediate step that each nuclear-armed
state can take to strengthen the global
nuclear order. The United States, Rus-
sia, France, the United Kingdom, and
(less certainly) China have all unilater-
ally ceased producing ½ssile materials
for weapons. Were India, Pakistan, and
Israel to join these moratoria, the world,
for the ½rst time since 1942, would be
free of nuclear-weapons fuel produc-
tion. These states could add veri½ca-
tion provisions through subsequent
treaty negotiations. In the meantime,
they could rely on national means of
monitoring each other’s compliance
with the moratorium. By ignoring the
moratorium route, and giving lip ser-
vice to prospects of negotiating a trea-
ty, the United States and India further
undermined the cause of nonprolifera-
tion and disarmament, as did all other
states that later became complicit in 
the deal.
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Of course, a decision by India to 
stop military ½ssile material produc-
tion will depend on Sino-Indian rela-
tions and Beijing’s willingness to limit
the size and net capability of the nucle-
ar arsenal it could deploy against India.
Yet neither the Bush administration 
nor India sought to engage Beijing in
exploring whether and how to limit
nuclear competition. 

The deal also has “granted” India the
“right” to reprocess, for military purpos-
es, the spent fuel from the eight reactors
that are not designated as civilian. These
reactors previously had been assumed to
be power-generation plants, not sources
of plutonium for weapons. To the extent
that the nuclear deal gives India access
to foreign-supplied fuel for civilian reac-
tors, India could use its heretofore scarce
domestic supplies of reactor fuel to in-
crease production of plutonium in mili-
tary reactors–a potential already noted
by Pakistan. Concerns over such a sce-
nario are aroused by memories that In-
dia extracted the plutonium for its 1974
nuclear explosion from the cirus re-
search reactor that the United States 
and Canada supplied to it for exclusive-
ly peaceful purposes. (The cirus reactor
is shown on the inside front cover of this
issue.) Islamabad sees the deal as adding
to the threats it faces from India, and in
turn sees a need to increase its own ca-
pacity to produce weapons-usable ½ssile
materials. Pakistan, with Chinese assis-
tance, is building a third plutonium pro-
duction reactor at Khushab.4 (The reac-
tor was planned before the U.S.-India
nuclear deal.) Like India, Pakistan could
be more reluctant to abandon the “bene-
½ts” of new investments in military ½s-
sile material production capabilities by
negotiating a ban on such production.
Pakistan’s pique over the nuclear deal
and the potential boost it could give to
India’s ½ssile material production facil-

ities could make it more inclined to
“punish” the United States by holding
out against a ban, even though by agree-
ing to end production of more bomb
material, and putting pressure on India
to follow suit, Pakistan would negate
India’s increased potential to catch up
with it in this area. 

The nuclear deal’s effects on the ctbt

could be more complicated. India, Pak-
istan, and China are among the 44 states
that must ratify the treaty for it to enter
into force. All three states have adopted
moratoria on nuclear testing. China has
signed the treaty but, like the United
States, has not rati½ed it; India and Pak-
istan have not signed. Since the nuclear
tests of 1998, some Indian strategic ex-
perts and former military leaders have
opined that India cannot have con½-
dence in its thermonuclear-weapon
capability without more tests. 

The nuclear deal lessens the prob-
ability and potential potency of sanc-
tions against India if it were to resume
testing. It could be perceived that each
step leading to the nsg’s exemption for
India weakened signals for India not to
test. The Hyde Act, which is supposed 
to guide U.S. policy, declares that the
United States must halt all U.S. nucle-
ar exports if India resumes testing. The
U.S.-India Nuclear Cooperation Agree-
ment, negotiated after the Hyde Act, al-
lows termination for any reason, after
one year’s notice, but it does not speci-
fy or require sanctions for testing. The
nsg declared that participating govern-
ments will maintain contact to consider
matters related to implementation of 
the agreement, suggesting that if India
tested, members would meet to consid-
er possible penalties. 

In the meantime, the nuclear deal en-
ables India immediately to import fuel
and sign reactor construction contracts
with foreign suppliers. Facing a severe
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shortage of uranium fuel, India negoti-
ated an agreement with Russia in Feb-
ruary 2009 to import 2,000 metric tons
of uranium for its current reactors, and
to buy six additional reactors from Rus-
sia. India reportedly is negotiating with
France for supply of 300 metric tons of
uranium per year.5 India also has made 
a civil nuclear cooperation agreement
with uranium-rich Kazakhstan that in-
cludes provisions to deliver natural ura-
nium to India.6

Thanks to these fuel imports, India in
a few years would be in a much stronger
position to withstand consequences of
testing than it would have been without
a deal. Without the deal, India would
face a worse fuel shortage, one that has
already sharply reduced electricity sup-
ply from its civilian reactors. With the
deal, India can both stockpile import-
ed fuel for its civilian reactors and dedi-
cate its domestically produced fuel to
military purposes. If India were to test 
a nuclear device after several years of
receiving fuel imports, it would be able
to withstand interruption of foreign 
fuel supplies, especially if in the inter-
vening period India increases its own
uranium mining operations. Moreover, 
if the nuclear deal results in contracts
with France, Russia, and the United
States to build new civilian reactors in
India, those suppliers would ½nd signi½-
cant self-interest in rejecting national or
un Security Council sanctions against
India for resuming nuclear tests. 

Of course, were the United States and
China to ratify the ctbt, they could cre-
ate an international political dynamic
that could motivate India to sign and rat-
ify the treaty without resuming testing.
India is not committed to do so, and the
nuclear deal strengthens its capacity to
hold out. But if other states, particular-
ly non-nuclear-weapons states in Asia,
Africa, and South America were to urge

India to demonstrate responsibility for
strengthening the global nuclear order
by joining all other nuclear-armed states
in a test ban, India’s interest in being
recognized as a global leader could lead
it to cooperate. If such diplomacy could
be framed more broadly as a movement
toward nuclear disarmament, which In-
dia has long championed, the Congress
Party could be motivated to seek Indian
cooperation. Indian politics will always
resist heavy-handed pressure, but the
gains India has made through the nucle-
ar deal, plus new global movement to-
ward nuclear disarmament, could make
India amenable to respectful suasion.

Other states lack the power, expertise,
and drive to substitute for U.S. leader-
ship. The nonproliferation regime can-
not be strengthened without the coop-
eration of the United States, Russia,
China, and the European Union. By 
proceeding more or less unilaterally 
and downgrading nonproliferation
objectives, the United States disem-
powered other states, particularly 
those that did not share many or all 
of its strategic objectives and assump-
tions. If others could not participate
early with the United States in devel-
oping the terms under which nonpro-
liferation constraints would be lifted,
they would naturally feel less owner-
ship and responsibility for the nonpro-
liferation regime, whose rules were be-
ing changed. The sense that the world’s
strongest power was prepared to make
exceptions based on its own preroga-
tive undermines the perceived legit-
imacy of both the leader and the re-
gime.

Of½cials and opinion shapers in more
than a dozen countries have complained
that the United States was changing the
rules to ½t its de½nitions of “friends”
and “foes.” How could others have con-
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½dence in a rules-based system and U.S.
leadership if the rules were to be changed
at Washington’s whim, without genuine
consultation with other stakeholders be-
fore decisions were made? Many sensed
that U.S. commercial interests were mo-
tivating the changes, making the deal 
a matter of self-aggrandizement from
which two other nuclear-weapons states,
France and Russia, were only too happy
to bene½t as well. 

To be sure, each nsg member state
could have blocked the deal, given that
the nsg operates by consensus. Yet once
Washington and New Delhi established
the basic terms, other states–including
many that did not like the terms–went
along because they valued good and
pro½table relationships with the Unit-
ed States and India more than they val-
ued nonproliferation objectives. Had
Washington approached these states at
the beginning of the initiative to seek a
collective approach to India, the others
probably would have pushed for strong-
er nonproliferation terms. By reversing
the order–presenting an initiative with
great momentum already behind it be-
fore seeking consultations–the United
States exposed that other states general-
ly lack the determination and ability to
privilege public goods over narrower
interests. 

The reality that the United States,
France, and Russia put mercantile nu-
clear interests above the integrity of the
nonproliferation regime also has nega-
tive consequences. The major nuclear
exporters sought to favor India with ex-
emption from the rules because India
offers a potentially large market for 
their goods and services (whereas Pak-
istan and Israel, for example, do not).
The United States, France, and Russia
are not only leading nuclear-weapons
states, they are also permanent mem-
bers of the un Security Council, bear-

ing ultimate responsibility to enforce 
the npt. To the degree that their integri-
ty as principal authors and enforcers of
nonproliferation rules can be questioned
due to their special and narrow interests
as nuclear exporters, the legitimacy of
the overall nuclear order is weakened. 

Many other nsg states perceived this
mercantile motivation; some had com-
mercial interests of their own. Germany,
for example, is not a major nuclear ex-
porter (though Siemens and other Ger-
man ½rms do export components), but 
it supported the nsg-India deal in large
part to prevent India from disfavoring
German ½rms in Indian state procure-
ment. Other states that wish to sell con-
ventional weapons to India, such as Swe-
den, went along as well. Similar econom-
ic interests trickled down to smaller nsg

states that otherwise judged the nuclear
deal to be highly damaging of the non-
proliferation regime. Discussions with
many diplomats and parliamentarians
from smaller nsg states revealed that
their complicity in the end was deter-
mined by reluctance from their leaders
and national businesses to suffer politi-
cal-economic penalties from the United
States, France, Russia, and India. These
individuals expressed that if an influen-
tial state such as Germany would have
blocked or sought tougher terms in the
deal, their governments would readily
have stood with Germany. 

The vital point here is that the pro½t
motive can seriously degrade the nsg,
which has been the world’s only cartel
designed to foil pro½t-taking that could
undermine global nuclear security. This
cartel was formed in recognition that the
dangers of nuclear proliferation should
outweigh the marginal gains that nucle-
ar commerce with three states outside
the npt might bring. 

The integrity of the iaea did not es-
cape damage from the India deal either.
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Director General Mohamed ElBaradei
welcomed the prospective deal the day 
it was announced, before any of its terms
had been negotiated: for example, how
much of the Indian nuclear program
would be put under safeguards, what
sort of safeguards would be accepted 
by India, what parallel nonprolifera-
tion and disarmament obligations In-
dia would undertake. ElBaradei’s early
and apparently unconditional impri-
matur effectively preempted interna-
tional efforts to strengthen the deal’s
nonproliferation terms. Then, in 2008,
when India negotiated safeguards with
the iaea, ElBaradei seemed to signal
that the Agency should agree to terms
less strong than some professionals in
the safeguards division thought appro-
priate.7

Unconstructive actors can easily try 
to exploit the selectivity of rule-making
and enforcement. A diplomat from the
Democratic People’s Republic of Korea
(dprk) declared in July 2008 that North
Korea would insist that before it com-
pletes disarmament, the nuclear plant
promised to it under the 1994 Agreed
Framework must begin to operate.8
The diplomat was asked whether any
U.S. of½cial had told the dprk that this
would be the order of things, inasmuch
as pursuing such cooperation before the
dprk disarmed would contradict core
principles of the nonproliferation re-
gime. He replied, “You did it for India.”
The American said that North Korea 
was not India; there are many distinc-
tions between the two. The North Kore-
an said, “The point is not about North
Korea. It is that when the U.S. decides
that it wants to treat another state dif-
ferently, it can do so. You decided India
was your friend, so you did what it want-
ed. That’s the issue.”

Some Iranians make a similar point 
in private. They note not only how the

United States accommodated India, but
also how other countries went along
with it because India is a major coun-
try and a big economic market. They
believe, or hope, that the international
community will accept Iran’s ongoing
enrichment program and drop sanc-
tions because Iran is important in the
way that India is.

Less recalcitrant states may also have
drawn unhelpful lessons from the nsg-
India deal. The iaea Director General
and others have long urged all states 
to implement the Additional Protocol,
which gives inspectors enhanced abil-
ity to detect violations of safeguards 
and other nonproliferation obligations.
A number of states with ambitions to
develop advanced nuclear programs
have not yet done so. At least one such
state put off adoption of the Addition-
al Protocol in reaction to the U.S.-India
deal’s announcement, due to its leader-
ship’s dismay that a state (India) that
had refused to join the npt and had re-
sisted numerous nonproliferation and
disarmament measures was now being
rewarded on the whim of the same coun-
try (the United States) that purported 
to be the steward of nonproliferation
rules.9

Of course, the perception of dimin-
ished integrity and determination can 
be reversed. If and when the next case 
of a state breaching its safeguards obli-
gations and defying demands for cor-
rective measures arises, the leading nu-
clear powers and the nsg could hold
½rm and put nonproliferation interests
above economic interests and political
favortism. Iran may be such a case, and 
it shows how the India deal exacerbates
what is already an extremely dif½cult
enforcement challenge. Some enforc-
ers, perhaps including China, rational-
ize putting national economic interests
above nonproliferation by recalling how
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the United States (and others) have done
so with India. It becomes tempting,
then, to think that things will be differ-
ent in the next next case: after Iran, “we”
will really stand ½rm. But when the next
case arises, and if it involves a state of
economic and/or political importance 
to Security Council members and ma-
jor nsg states, the temptation to say,
“Well, we did it for India and for Iran,
why not for X?” will arise once again. 

The nonproliferation regime will be
challenged in yet another way as a result
of the India deal. Many npt parties and
observers believe that the 2010 Review
Conference will be exceptionally impor-
tant in restoring the regime’s credibility
and strengthening its terms and states’
commitments to enforce compliance
with them. One hundred forty-six states-
parties to the npt are not members of
the nsg. They did not have a vote in ap-
proving the India deal. Some have no
strong opinion about it or objection to 
it. Others, however, disagree with the
way the deal was pursued and/or the
terms under which it was concluded. 
As one diplomat put it recently:

Some nsg countries felt very strong 
pressure to support the India deal, even
though it was not in accordance with the
npt. Some are concerned that this agree-
ment could be proliferated to Pakistan.
There is the possibility and the tempta-
tion to use the npt Review Conference 
to address this question. Not to undo 
or revisit the India agreement, but to
express displeasure that it was done 
and over the way it was done.10

When the nsg assented to exempt
India from restrictions on nuclear co-
operation, the deal was done. The chal-
lenge now is to understand the implica-
tions and to maximize the positive and
minimize the negative while renovat-

ing the global nuclear order. None of 
the world’s major players is innocent.
Even as the United States–along with
France, Russia, and India–is most re-
sponsible for the situation that now
exists, all members of the nsg should
feel an obligation to cooperate in the
refurbishment project.

With Pakistan particularly in mind,
the nsg should consider establishing
criteria under which nuclear coopera-
tion could be made available to the re-
maining two states that never signed 
the npt. The right criteria could help
motivate Pakistan to take steps that 
are in the world’s security interests. 
To attenuate perceptions of unfair-
ness among Pakistanis and perhaps 
others (and not exacerbate them), cri-
teria should be those that India would
have met had they been applied before
the nuclear deal was made. Establish-
ing criteria could also strengthen the
case against nuclear cooperation with
Pakistan that others might undertake
more to even the score with India (and
the United States) than to ensure that
Pakistan’s development needs are met
and its nonproliferation bona ½des
strengthened. 

nsg members and the iaea Board 
of Governors should clarify why the In-
dia deal is not a precedent for treatment
of states that violate their safeguards or
other npt-related obligations. At a min-
imum, nsg members could resolve not
to continue or extend nuclear coopera-
tion with states that are not compliant
with their safeguards obligations to the
iaea, that remove facilities or materials
from iaea safeguards, that make nucle-
ar threats against non-nuclear-weapons
states that are compliant with npt obli-
gations, that do not recognize the exis-
tence of other states, and that are com-
plicit with terrorist organizations. India
meets these criteria whereas Iran and 
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the dprk are the most obvious states
that do not; they and other states with
interests in developing latent nuclear
weapons options need to hear this clar-
i½cation. The point is that strong, pre-
ventive diplomacy should af½rm that
enforcement of nonproliferation norms
and rules will not be slackened regard-
ing states that might consider nuclear
technology acquisition as a hedge for
military applications in the future. 

To further dissuade states from cal-
culating that nuclear suppliers would
eventually accommodate them if they
withdrew from the npt, the un Secu-
rity Council should take preventive ac-
tion. As proposed by Pierre Goldschmidt,
former Deputy Director General of the
iaea for Safeguards, the un Security
Council should:

Adopt a generic and legally binding res-
olution stating that if a state withdraws
from the npt (an undisputed right under
Article X) after being found by the iaea to
be in non-compliance with its safeguards
undertakings, then such withdrawal con-
stitutes a threat to international peace and
security (as de½ned under Article 39 of 
the un Charter). This generic resolution
should also provide that, under these cir-
cumstances, all materials and equipment
made available to such a state or resulting
from the assistance provided to it under 
a Comprehensive Safeguards Agreement
would have to be forthwith removed from
that state under iaea supervision and re-
main under Agency’s Safeguards. This res-
olution should require that all military co-
operation with the withdrawing state be
automatically suspended.11

Finally, one of the most important 
correctives necessary after the nsg-
India deal is to attenuate perceptions 
of discrimination and arbitrariness in
the making and enforcing of nonpro-
liferation rules. If states and attentive

populations feel that this deal began
because the United States devalued
treaties and rules and wanted to build
favor with its new friend India–in part
to balance the power of its competitor,
China, and in part to enrich U.S. compa-
nies–and other states went along with 
it because India is a big market, then the
core principles of fairness necessary to
sustain a rule-based system are under-
mined. Differences in political-econom-
ic power will always influence interna-
tional politics. The point of rule-based
systems is to regulate and minimize dif-
ferences in ways that improve the good
of all. Leaders of the system, including
the United States, must restore this 
commitment. 

One way to alleviate differences is 
to reduce the perceived advantage of 
the nuclear-armed states in terms of
prestige and power. A genuine commit-
ment to nuclear disarmament, and steps
toward it, is important in this regard.
President Obama’s April pledge to seek
progress toward the elimination of all
nuclear weapons can be a basis for invit-
ing Indian leaders, who have made sim-
ilar commitments, to reciprocate when
the United States and other nuclear-
armed states take disarmament steps
such as ratifying the ctbt, ending pro-
duction of bomb material, and reduc-
ing nuclear arsenals. Ultimately, the 
only way to end the double standards
that threaten to weaken the nuclear
order is to eliminate all national nu-
clear arsenals.
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This two-volume special issue of Dæda-
lus highlights the challenges associated
with the global expansion of nuclear
power. The topics covered include envi-
ronmental impacts, nuclear safety, and
the economics of nuclear power produc-
tion, but the major emphasis is on non-
proliferation and security aspects. To
develop an understanding of possible
problems and their potential solutions 
in all of these areas, it is necessary to
understand the nuclear fuel cycle. Con-
trolling the flow of nuclear materials
“from cradle to grave” creates and sus-
tains a safe and secure global nuclear
power regime that can help satisfy the
world’s energy needs and can reduce
CO2 emissions and their associated
impacts on climate.

The nuclear fuel cycle consists of mul-
tiple technical activities that take place
in locations around the world. These ac-
tivities form a chain, with each having
direct impacts on the characteristics of
those farther down the line. Accordingly,
one objective of this article is to empha-
size the holistic and global nature of the
fuel cycle. A key challenge to consider is
whether there can be opportunities now
or in the future to improve the safety,

security, economics, environmental
impacts, or public acceptance of nucle-
ar power by vertical integration of the
chain or by geographical consolidation
of the activities.

Each stage of the fuel cycle should be
assessed to judge where improvements
could increase technical and societal ac-
ceptance of a substantial expansion of
nuclear power. However, since other
articles in this double issue of Dædalus
on the global nuclear future deal with
front-end issues (enrichment, in partic-
ular), we concentrate on the back-end
stages–namely, storage, reprocessing,
and disposal.

To examine the back-end stages of the
fuel cycle, it is useful to begin with a
brief summary of their current status.

Used fuel storage. All water-cooled re-
actors store spent nuclear fuel, once it
has been unloaded from the reactor, at
the reactor site in an underwater pool.
Originally it was planned that spent fu-
el would be shipped off site after some
years of cooling; the fuel would then 
go for reprocessing or direct disposal. 
In practice, reprocessing is currently 
carried out in only a few programs, 
and disposal of spent fuel has not yet
taken place. The need for storage has
thus increased.
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The cooling time before the heat gen-
eration of spent fuel has declined to a
level suitable for disposal in a geological
repository is between 30 and 50 years.
There are also other arguments for de-
laying disposal. For small nuclear pro-
grams, many years of operation would
be required to accumulate an invento-
ry of spent fuel that justi½ed embarking
on an expensive deep repository project.
Furthermore, by extending surface stor-
age times for decades, the large expendi-
tures required for implementing such a
solution can be postponed.

Today, as pools at reactor sites ½ll up,
spent fuel is increasingly placed in dry
storage facilities, which have lower op-
erational costs and which can be imple-
mented in a modular fashion. The casks
can be purchased as needed; they do 
not require a strengthened or strongly
shielded building; and they can even 
be placed on pads in the open air. Most
storage facilities are built above ground,
although there are exceptions, such as
the Swedish clab spent fuel pool, situ-
ated in a rock cavern some tens of me-
ters below the surface.

Reprocessing. In current reprocessing
facilities, used fuel is separated into its
three components: uranium and pluto-
nium, which both can be recycled into
fresh fuel, and waste containing ½ssion
products. The waste is then treated to
produce vitri½ed blocks incorporating
most of the highly radioactive materials
and other low- and intermediate-level
radioactive technological wastes. After
conversion and enrichment, the urani-
um from reprocessing can be reused as
fuel, if necessary. The plutonium can
either be stored or made directly into
mixed oxide (mox) fuel, in which urani-
um and plutonium oxides are combined.
The vitri½ed waste is a high-quality stan-
dardized product well suited for geolog-
ical disposal. The technological waste 

is of much lower activity, and much of 
it can go to near-surface disposal sites.
However, there are problems associated
with each output stream.

Plutonium and mox are unstable 
in storage because of the buildup of
Am241. mox fuel is more expensive 
than fresh UO2 fuel; its speci½c decay
heat is around twice that of UO2 fuel;
and the neutron dose from mox is 
about 80 times that from UO2 fuel. Re-
processed uranium is a “free” by-prod-
uct, but with modern high burn-up lev-
els, there is less residual U235 and more
U236. Moreover, reenrichment increases
U232 levels and presents a greater radi-
ation hazard. The vitri½ed waste has 
a smaller volume than packaged spent
fuel, but it still requires disposal in a 
deep geological repository, whose costs
do not increase in proportion to the vol-
ume of the inventory. The parts of tech-
nological waste that contain long-lived
radionuclides and must therefore go to
geological disposal can present problems
since the waste forms (cement, bitumen,
compacted pieces) are less durable than
vitri½ed waste or spent fuel.

The strongest argument in favor of
reprocessing is that it saves resources,
although the real bene½ts will be real-
ized only when fast reactors are in use. 
A further positive aspect is that the high-
ly active vitri½ed waste, in contrast to
spent fuel, does not fall under Interna-
tional Atomic Energy Agency (iaea)
safeguards and presents no prolifera-
tion risk. However, the fact that current
reprocessing technology involves sepa-
ration of weapons-usable plutonium 
has led to concerns about the spread 
of the technology to many countries.

Disposal. Today, it is widely accepted in
the technical community that the only
presently feasible method to ensure very
long term (many millennia) safety for
high-level waste or spent nuclear fuel is
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isolation in a stable, deep geological re-
pository. Nevertheless, at present there
are no disposal facilities (as opposed to
storage facilities) in operation in which
used fuel or the waste from reprocessing
can be placed. 

For at least 25 years after the original
1950s publication on the concept of geo-
logical disposal, the validity of this ap-
proach was not questioned. It was for-
mally adopted as a ½nal goal, through
policy or legal decisions, in many coun-
tries, including the United States, Cana-
da, Sweden, Finland, Belgium, Switzer-
land, France, Spain, South Korea, the
United Kingdom, and Japan. However,
virtually every geological waste dispos-
al program in the world encountered
dif½culties in keeping to originally pro-
posed schedules.

Despite the slow progress of geolog-
ical repositories in many countries, ad-
vances have been made in some parts 
of the world. In the United States, the
Waste Isolation Pilot Plant (wipp) deep
repository for transuranic wastes has
been operating successfully for 10 years.
In Finland, Sweden, and France, deep
repository programs are very advanced,
proving that sites can be selected with
the consent of local populations; that 
all necessary technologies are mature
enough for implementation; and that
de½nitive dates for repository opera-
tion can be set. In most other countries
of the world, the combined technical
and societal approaches employed in
Sweden and Finland are looked upon 
as role models. In 2008, when the U.S.
Department of Energy submitted a li-
cense application for a geological re-
pository at Yucca Mountain, the U.S.
program was also perceived as being 
one of the most advanced. However,
with the mid-2009 declaration by the
new administration that Yucca Moun-
tain is “not an option,” the timescales 

to implementation may have been set
back by decades.

The various stages in the fuel cycle 
have often been developed by focusing
on how to optimize a speci½c process
and not by taking into account influ-
ences on later stages. In the following
sections, we present some back-end
examples that illustrate this point and
that highlight how more holistic think-
ing might drive future developments. 

Storage. There are no major technical
issues affecting the safety and security 
of spent fuel storage. Both wet and dry
storage systems have been proven over
decades. However, a speci½c disadvan-
tage of pool storage is that a large facil-
ity must be constructed at the outset to
allow for future accumulation of spent
fuel. Another disadvantage is that main-
tenance can become expensive if ½nal
disposal lies far into the future. Pool
storage has also been criticized as be-
ing particularly susceptible to terror-
ist attacks, although such vulnerabil-
ity has also been refuted by technical
bodies. 

The security and terrorist concerns
mentioned above have heightened inter-
est in the potential advantages of build-
ing storage facilities underground. This
approach has recently been considered
in the work of the Committee on Radio-
active Waste Management (Corwm) in
the United Kingdom, where such stores
are referred to as “hardened” facilities.
An alternative would be to have spent
fuel storage facilities at repository depths
(hundreds of meters) with the possibil-
ity of later converting these stores into
½nal disposal facilities. Others have sug-
gested, however, that this appears more
like an effort to place waste in a geologi-
cal facility without ½rst having to demon-
strate the suitability of the site for long-
term isolation.
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Globally, the spent fuel in storage will
continue to grow over the coming de-
cades. Even the ½rst repositories in Swe-
den, Finland, or France will not begin
operation for more than a decade, for
technical and engineering reasons. Re-
positories in other countries will be es-
tablished much later because of insti-
tutional delays, because suf½cient inven-
tories must ½rst accumulate, or because
funding is not yet available. Revived in-
terest in reprocessing (but not at the
present time or with the current technol-
ogy) will lead some countries to extend
surface storage in order to keep the op-
tion open. Therefore, global efforts are
needed to ensure that safety and securi-
ty are guaranteed at all storage facilities
for spent fuel.

Reprocessing. Reprocessing was ½rst
developed on a large scale in military
facilities in order to separate ½ssile ma-
terials for nuclear weapons. The envi-
ronmental impacts, the security aspects,
and the treatment of waste residues had
lower priorities. The technologies com-
mercially applied today are basically the
same as they were when the technology
was ½rst developed, although much im-
provement has been made in reducing
emissions and developing conditioning
methods for non-high-level waste. To-
day, there is increased interest in recy-
cling, but based on new developments
that provide enhanced security by avoid-
ing separated ½ssile materials.

The advantage of the current purex

process is that it has been demonstrat-
ed to work in a highly reliable fashion.
Key disadvantages are that it produces
separated plutonium, which is a securi-
ty risk, and that the plants required are
large and expensive. Alternatives are be-
ing worked on. The urex process, devel-
oped in the United States, is modi½ed to
separate only the uranium, which can 
be recycled, leaving the plutonium with

the ½ssion products and other actinides
in “proliferation resistant” form. The
coex (co-extraction of actinides) pro-
cess, developed in France, leaves a small
amount of recovered uranium with the
plutonium so that the plutonium is nev-
er separated. Approaches using pyromet-
allurgical and electrolytic processes to
separate the ½ssion products from the
actinides have been developed and even
operated at the pilot plant stage, but not
under the current regulatory regimes,
which may present signi½cant challenges
to their widespread use.

Geological Disposal. Geological dispos-
al of high-level radioactive wastes and
spent fuel is the key part of the nuclear
fuel cycle that has not been demonstrat-
ed in practice. Technologies have been
developed and extensively tested in a
number of countries. These technolo-
gies are based on different conceptual
designs for deep repositories; there are
multiple feasible options for the choice
of engineered barrier to enclose the 
used nuclear fuel and also for the geo-
logical medium in which the reposito-
ry will be sited. In all of the programs,
the safety of the deep geological system
–as assessed by the range of scienti½c
methodologies developed for this pur-
pose–is invariably shown to be high. 
In the scienti½c community there is gen-
eral acceptance of the feasibility of safe
disposal, if the site and engineered sys-
tem are well chosen. Unfortunately, po-
litical and societal acceptance remains 
a challenge in most countries.

The technical concepts developed 
to date in many countries are, how-
ever, generally recognized to be ad-
vanced enough for implementation. 
This does not imply that further tech-
nical optimization is unnecessary. 
In fact, even the most advanced pro-
grams are still amending engineer-
ing details in order to make the op-
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erations in a deep repository safer and
more ef½cient. 

The largely technical information
about the nuclear fuel cycle discussed 
so far makes clear that the necessary
technologies for open or closed cycles
have been developed to a level that al-
lows their industrial application. Fur-
thermore, it is clear that the nuclear 
fuel cycle is a global enterprise. This is 
in part because of the widespread and
heterogeneous distribution of urani-
um ore bodies and partly because of 
the technological development histo-
ry. The global distribution of fuel cycle
technologies today is determined by 
various factors, including:

•  The military origins and continued at-
tractions of nuclear technology; this 
led to the present situation of seven 
countries with fuel cycle capabilities
that include reprocessing;

•  The distribution of natural resources; 
this has led to countries like Australia, 
with no nuclear power ambitions of its 
own as of yet, being directly involved 
in the fuel cycle as a producer of urani-
um ore;

•  The desire for some degree of self-
suf½ciency in energy supply; this is a 
key driver in countries like Japan and 
a claimed driver in others like Brazil 
and Iran;

•  The real or perceived opportunity to 
provide commercial services to other 
countries; this is a driver for enrich-
ment and reprocessing facilities in 
Europe, the United States, and Russia;

•  The recent hunger for clean base-load 
electrical energy; this is today leading 
to declarations of interest in expanding 
or introducing nuclear power in a long 
list of countries.

This global situation is in a state of
flux. The economics and politics of en-
ergy supply are changing, and this will
have repercussions on many aspects of
supply and demand in nuclear fuel cycle
services. More importantly, however,
the issues of global safety and security
are becoming of increasing concern.
Intensive debate on these issues has
taken place over the past years. Most
emphasis has been placed on restrict-
ing the spread of enrichment and repro-
cessing technologies since these can di-
rectly produce weapons-usable materi-
als. A more comprehensive approach,
however, seeks to control the distribu-
tion of all nuclear materials that can be
misused by states or by terrorist groups.
In this section, we look at actual or po-
tential geopolitical developments in the
global fuel cycle that could lead to in-
creased security risks and at measures
that could mitigate these risks.

Nuclear programs expand and seek more
independence. The spread of nuclear pow-
er reactors alone can obviously increase
security risks at the back-end as well as
the front-end of the fuel cycle. Since new
nuclear programs have insuf½cient spent
fuel inventories to justify repository proj-
ects and since there are currently few
fuel providers that accept the return of
spent fuel, expansion of reactor opera-
tions will also expand storage operations.
If the stores are to operate for a very long
period, then they will have to be main-
tained and safeguarded. These tasks be-
come more necessary as the radiation
from the spent fuel decays to levels that
allow easier handling. Expansion of nu-
clear power plants thus implies that in-
creased efforts to ensure safe and secure
storage of spent fuel are needed. Interna-
tional initiatives have been suggested to
meet this need.

Greater security concerns will arise if
increased use of nuclear power by some
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states leads them to conclude that they
should implement indigenous facilities
for sensitive fuel cycle activities: repro-
cessing or enrichment. Both of these ac-
tivities are economically justi½ed only if
a suf½ciently large nuclear fleet is oper-
ated (or if services are provided to for-
eign countries). Still, some countries
may be tempted to push for national 
fuel cycle facilities even if they do not
have this level of nuclear power produc-
tion. Assurance of supply and national
independence are obvious drivers. Since
mastering either of the two sensitive
technologies brings a nation close to 
the point where nuclear weapons can 
be produced, there is great internation-
al concern about the spread of these
technologies.

Uranium producers move into other stages
of the fuel cycle. At present, the high-tech
stages of the nuclear fuel cycle are car-
ried out by countries with nuclear weap-
ons programs and/or with advanced ci-
vilian nuclear power programs. Some of
the biggest uranium producers–Austra-
lia, Kazakhstan, and Namibia–fall into
neither of these categories. It is not un-
reasonable for such countries to evalu-
ate periodically the potential economic
bene½ts of moving farther up the supply
chain rather than simply exporting ores.
Enrichment and fuel fabrication are ob-
vious next steps. However, uranium pro-
ducers could also conceivably offer back-
end fuel cycle services. Reprocessing is
unlikely to be introduced where it has
not yet been done since very large scale
technology is involved, and the econom-
ics are not favorable. 

An undeniably attractive offer would,
however, be a disposal service. In fact, 
in both Australia and Canada, the two
largest uranium producers, the possibil-
ity of taking back as spent fuel the ura-
nium that each country has supplied 
has been debated at different times. It

has even been argued that such coun-
tries may have a “moral obligation” to
accept spent fuel. However, the real driv-
er for a uranium-producing country to
accept returned spent fuel for disposal
would be economic. Huge bene½ts could
result for the host state, but despite this
advantage, the political and public sup-
port for such an initiative has nowhere
been evident.

Disposal becomes multinational. For some
countries, national repositories may be
dif½cult or infeasible because of the lack
of favorable geological formations, short-
age of technical resources, or prohibitive-
ly high costs. Multinational or regional
repositories are a potential solution for
these countries, and in recent years there
has been a rapid increase in interest in
this possibility, especially in small coun-
tries. The prime drivers were original-
ly the economic and political problems
that might be lessened by being shared
between countries facing the same chal-
lenges. The potential safety and safe-
guards bene½ts were also recognized 
at this early stage. Increasingly–in par-
ticular after the terrorist attacks in the
United States in 2001 and in connection
with nuclear proliferation concerns–
attention has focused on the security
advantages that could result. The iaea

has been careful to point out that risks
must also be minimized at the “back-
end of the back-end” of the nuclear fuel
cycle–that is, not only in enrichment
and reprocessing, but also in storage 
and disposal (of spent fuel in particular).
In its publications in this area, the iaea

has described two potential routes to
achieving international disposal: the
“add-on approach” and the “partner-
ing scenario.”

Both of these potential approaches to
multinational disposal have seen signi½-
cant progress. The add-on option calls
for a single country, or a network of coun-
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tries with appropriate facilities working
together, to provide extended fuel-cycle
services to countries adhering to the Nu-
clear Non-Proliferation Treaty (npt)
and wishing to use nuclear power. This
option could limit the spread of those
sensitive technologies allowed under the
Treaty–namely, enrichment, reprocess-
ing, and accumulation of stocks of spent
fuel. Crucial prerequisites would be se-
curing supply of services to all cooperat-
ing users and close international moni-
toring by the iaea.

Within this international fuel cycle
scheme, the fuel leasing component is
perhaps the most promising. The U.S.
government has indicated its support 
for such a scheme in Russia through 
the Global Nuclear Power Infrastruc-
ture (gnpi) proposal or in the United
States through the Global Nuclear En-
ergy Partnership (gnep) initiative. The
proposals are primarily aimed at making
the nuclear fuel cycle more secure, but
they ultimately require the fuel suppliers
to take back the spent fuel or for a third-
party, trustworthy country to offer stor-
age and disposal services. Unfortunately,
neither initiative appears to be making
much progress.

In both Russian and U.S. proposals,
the service providers concentrate on 
offering enrichment, fuel supply, and re-
processing to client countries. Although
both proposals mention the take back of
spent fuel, this is a sensitive political is-
sue in both countries. Even if in the fu-
ture it becomes acceptable to return to
U.S. or Russian manufacturers fuel that
they had provided to client nations, this
take back will solve only part of the prob-
lem. Spent fuel from other suppliers in
the market must also be accepted; there
are existing inventories of hazardous
radioactive wastes that must also go to 
a deep disposal facility. A more compre-
hensive offer of disposal services is nec-

essary. In fact, an offer of this type may
be the only suf½ciently attractive induce-
ment for small countries to accept the
restrictions on their nuclear activities
that are currently being proposed by 
the large powers and the iaea. The em-
phasis on ensuring security of supply 
of other services, such as reactor con-
struction, fresh fuel, enrichment, and
reprocessing, is misplaced. All of these
services are supplied commercially at
present, and a customer country cur-
rently has a choice of suppliers that 
may well be wider than would result
from implementation of initiatives 
that create a two-tier system of nucle-
ar supplier and user countries. The 
key inducement for small countries 
to give up some of the “inalienable”
rights afforded them in Article IV of 
the npt may well be the offer of a safe,
secure, and affordable route for dispos-
al based on a multinational repository 
in another country.

The second option for implementing
multinational repositories–partnering
by smaller countries–has been particu-
larly supported by the European Union
through its promotion of the potential
bene½ts of shared facilities in a region-
al solution. For the partnering scenario,
in which a group of smaller countries
cooperates in moving toward shared 
disposal facilities, exploratory studies
have been performed most recently by
the Arius Association, which also co-
managed the European Commission’s
sapierr (Strategic Action Plan for Im-
plementation of European Regional
Repositories) project on regional re-
positories. The project, funded by the
European Commission, has carried out 
a range of studies that lays the ground-
work for serious multinational negoti-
ations on the establishment of one or
more shared repositories in Europe. The
studies have looked at legal and liability
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issues, organizational forms, economic
aspects, safety and security issues, and
public involvement challenges. The pro-
posal that resulted from sapierr was a
staged, adaptive implementation strate-
gy for a European Repository Develop-
ment Organisation (erdo).

At the pilot meeting of potential par-
ticipants in an erdo working group, 32
representatives from 14 European coun-
tries were present, all of whom had been
nominated through their national gov-
ernments, as well as observers from the
iaea, the European Commission, and
American foundations. erdo, if suf½-
cient numbers of partner nations agree
to the ½nal proposals, will operate as a
sister organization to those waste agen-
cies from European countries such as
France, Sweden, Finland, and Germany
that have opted for a purely national
repository program.

If nuclear power is to expand in a safe,
secure, and environmentally friendly
manner, improvements in the back-end
of the nuclear fuel cycle must occur in
the coming years. This section outlines
some recommendations, both technical
and institutional, for improvement.

Centralized storage–maybe even under-
ground. Concentrating national inven-
tories of spent fuel at a few centralized
locations rather than having distributed
stores (some at decommissioned reac-
tor sites) can obviously help reduce se-
curity risks, from malevolent acts in 
particular. Some countries already have
underground storage facilities and oth-
ers are considering this option. Given
the increasing recognition that spent
fuel is a valuable resource–but that re-
processing is currently very expensive
–the probability that used fuel will be
stored for many decades is rising. If 
this happens, then the arguments in
favor of underground stores with en-

hanced safety and security will grow
stronger. 

Research on advanced reprocessing. The
recent support for nuclear expansion in
some countries has also led to proposals
for expansion of reprocessing using the
current technological approaches orig-
inally developed for extraction of plu-
tonium for weapons. The gnep ini-
tiative proposed implementing repro-
cessing facilities that were copies of 
current commercial plants. The scien-
ti½c community, however, led by the
National Academies in the United
States, was quick to point out that 
this is unnecessary and uneconomic 
at the present time, and that it could 
lead to increased rather than decreased
proliferation risks. Nevertheless, the
ultimate need to recycle ½ssile mate-
rials was accepted, and the conclusion 
was drawn that research into advanced
reprocessing technologies is the most
appropriate strategy today. Future tech-
nologies may improve the economics,
environmental impacts, and security
aspects.

Optimization of engineering aspects of re-
positories. A variety of repository designs
and operational concepts have been de-
veloped over the last 30 years. Most of
these, however, have tended to be high-
ly conservative, with the explicit aim 
of demonstrating that deep geological
facilities can provide the necessary iso-
lation of long-lived radioactive wastes
over unprecedented timescales up to 
one million years. Relatively soon, the
½rst facilities will be licensed and con-
structed, and therefore practical engi-
neering issues will rise in importance.
Mining and nuclear working methods
must be coordinated in a manner that
ensures operational safety and ef½cient
operation. Quality assurance is a key
challenge. In addition, the potential 
for cost savings must be addressed. The
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work in the advanced Swedish and Fin-
nish spent fuel disposal programs illus-
trates this well. In both of these cases,
the original massive copper container
has been redesigned to use less copper
and more steel. Other disposal programs
with differing safety concepts will likely
face similar challenges.

Technical and ½nancial assistance to new
nuclear states. Leading nuclear nations
must commit to work closely with young
or new nuclear power nations to help
them meet their energy needs and aspi-
rations in a manner that preserves and
improves security, nonproliferation ob-
jectives, transparency, and stability. The
leading nuclear nations will have much
better chances for success in assuring
continued nuclear safety, security, non-
proliferation, and environmental pres-
ervation if they work proactively with
emerging nations to understand and
help them improve their nuclear capa-
bilities.

Providing technical and, in some cases,
½nancial assistance to help emerging
nations realize a secure and healthy en-
ergy future will be an excellent invest-
ment if it results in relationships that
promote a high-quality nuclear safety
and security culture. In the context of
this essay, it is important to note that 
the assistance offered should extend 
to the back-end of the fuel cycle. An
improved approach would be for pro-
viders of front-end services and of nu-
clear power plants to bundle support 
for repository design and construction
activities with back-end services.

Multinational reprocessing facilities. Re-
processing plants that separate uranium,
plutonium, and wastes from spent nu-
clear fuel can divert the plutonium to
weapons use as well. As a result, there
have been several attempts to pursue
multinational solutions, though with 
little success to date.

With the spread of nuclear power, the
advent of new technologies, and a great-
er focus on assuring decades-long sup-
ply of fresh fuel for nuclear plants, more
countries may begin to consider the val-
ue of developing indigenous reprocess-
ing facilities. It has also been argued that
implementing this technology can ease
the problems of waste disposal. How-
ever, the waste disposal advantages asso-
ciated with reprocessing are not enough 
to justify the technology on their own.
Thus, there are ample incentives to pur-
sue the creation of multinational enrich-
ment and reprocessing capabilities. Pro-
viding a framework that makes emerg-
ing nuclear nations meaningful parti-
cipants in such initiatives holds great
promise for better meeting both the en-
ergy and security needs of all involved.

Multinational interim storage facilities and
repositories. As already emphasized, new
nuclear nations will need assistance, par-
ticularly at the “back-end of the back-
end” of the fuel cycle. Leading nuclear
nations have the opportunity to craft
“win/win” relationships by recognizing
that many small nuclear programs, or
countries starting out in nuclear energy,
do not have the technical or ½nancial re-
sources to implement a national reposi-
tory in a timely fashion. They will have
to keep their spent fuel in interim stor-
age facilities; this could result in numer-
ous sites worldwide where hazardous
materials could be stored for anywhere
from decades to hundreds of years. Mul-
tinational cooperation in storage and
disposal offers a better alternative.

One safer and more secure option
would be for nuclear fuel suppliers to
take back the spent fuel under fuel “leas-
ing” arrangements, as described earlier.
However, although there is ½erce com-
petition among nuclear suppliers to 
provide reactors, fuels, and reprocess-
ing services, as yet few are willing to
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pursue this leasing approach. More-
over, some would-be supplier nations,
such as France, even have national laws
prohibiting spent fuel take back unless
the high-level wastes are returned to 
the user after reprocessing. The user
country would therefore still require 
a geological disposal facility for these
wastes. Cost savings, if any, in imple-
menting a high-level waste reposito-
ry rather than a spent fuel repository
would be far outweighed by the prices
charged for the reprocessing service.

The most promising option that re-
mains open for small and new nucle-
ar power programs is to collaborate 
with similarly positioned countries in
efforts to implement shared, multina-
tional repositories. The possibility that
some country may decide to offer inter-
national repository services on a com-
mercial basis cannot be excluded and
could be a game changer.

The big challenge, of course, is achiev-
ing public and political acceptance in 
the repository host countries. Is it con-
ceivable that a country and a local com-
munity within that country would will-
ingly accept being a host for imported
wastes? Recent national siting exper-
ience gives hope. Siting initiatives in 
several countries for either high- or 
low-level wastes have shown that suc-
cess can be achieved through a mod-
ern strategy based on open commu-
nication, transparent documentation 
of potential bene½ts to host communi-
ties, steady accumulation of trust by 
the organization developing the reposi-
tory, and recognition of the necessity 
of local acceptance. In a few countries
(for example, Finland, Sweden, and
South Korea), this has even led to 
competition between communities
wishing to host a repository. At the
multinational level, it is possible that 
the same strategy may also succeed, 

but as in the successful national pro-
grams, this may take several years.

The erdo initiative mentioned 
above could act as a role model for re-
gional groupings elsewhere. A number
of Arab states have recently made clear
that they intend to introduce nuclear
power, and have expressed a willingness
to do so collaboratively. For example, in
the Gulf Region, the United Arab Emi-
rates is developing a complete roadmap,
planning all of the activities involved in
introducing nuclear power. Close link-
ages being formed today between nu-
clear programs in Brazil and Argentina
might usefully expand into a Central 
and South American grouping. In Asia,
countries like Taiwan and South Korea
have already experienced problems try-
ing to implement disposal programs,
and various other Asian states, such as
Malaysia, Indonesia, and Vietnam, have
nuclear ambitions. An African regional
grouping could also emerge, as various
nations there have expressed interest in
nuclear energy.

Joining forces in developing regional
repositories could still have substantial
advantages for small nuclear countries,
even if the major nuclear powers at some
stage reverse their policies and, for stra-
tegic or commercial reasons, ½nally do
offer to accept foreign spent fuel or radio-
active wastes. With a united front, and
with the open alternative of a multina-
tional regional repository, the partner
countries would be much better placed
in negotiations with potential large ser-
vice providers over the economic and
other conditions attached to any offer 
to take their spent fuel.

If the spread of nuclear energy produc-
tion is to occur without increasing glob-
al risks of terrorism and nuclear prolif-
eration, there must be close internation-
al scrutiny of all nuclear activities. This
oversight will be easier if sensitive ma-
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terials in the nuclear fuel cycle are han-
dled, stored, and disposed of at fewer lo-
cations. Shared disposal facilities for the
spent fuel and highly radioactive wastes
at the back-end of the fuel cycle should
be one key component in a secure global
system. It would bene½t all nuclear pro-
grams if initiatives for regional coopera-
tion were started in relevant parts of the
world by small or new nuclear countries,
and if these initiatives received technical
and moral support from the advanced
national disposal programs.

Today, developed and emerging coun-
tries are striving to maintain or improve
their standards of living by assuring a
suf½cient supply of energy; at the same
time, they are striving to deal responsi-
bly with global warming. Accordingly,
prospects for a substantial growth and
spread of nuclear power and associated
facilities are increasing. For this growth
to be successful, however, there are a
number of concerns that need to be ad-
dressed, some technical and some eco-
nomic. The potential for a systems ap-
proach to technical and economic opti-
mization should certainly be examined,
explicitly taking into consideration the
holistic nature of the fuel cycle. The tech-
nical and economic challenges associat-
ed with expansion of nuclear power are,
however, outweighed by the institution-
al concerns that need to be addressed.

Because the nuclear fuel cycle is global
and because the consequences of misuse
of nuclear materials are also global, all
nations can be affected by the expansion
of nuclear power. Multinational cooper-
ation is essential for ensuring safety, secu-
rity, and protection of the environment
during this expansion. This cooperation
must extend to the back-end of the nu-
clear fuel cycle.

Recent policy initiatives have focused
on incentives to nations in the form of

fresh fuel assurances in return for prom-
ises by recipient nations not to pursue
indigenous enrichment or reprocessing.
These offers have met with less than pop-
ular acceptance. To many in the emerg-
ing nuclear world, fresh fuel assurances
by the developed nuclear nations look
like the start of a nuclear fuel cartel. 
The assurances appear to perpetuate a
division between nuclear haves and have
nots, and ask emerging nuclear states to
put themselves in a political situation
that they believe might threaten their
access to fuel in coming decades. Many
would prefer a continuation of what
they feel they already have: access to 
a healthy nuclear fuel marketplace.

Nonetheless, revisiting the nuclear
bargain established by the npt and re-
lated agreements is being pushed–for
different reasons–by both the nuclear-
weapons states and the emerging nucle-
ar nations. These efforts present both a
concern to many that the npt may be
fraying at the edges, but also a possible
opportunity to build a new set of under-
standings and behavior that will better
meet the energy, proliferation, and en-
vironmental needs of all concerned.

We should start with a set of clear
goals. These goals must be responsive 
to the needs of the entire internation-
al community, not just those of the ad-
vanced nuclear provider states. The
goals must also include measures at 
the back-end. The complete list of 
goals could include:

•  Providing access to nuclear power at 
market prices for any country that 
desires it;

•  Assuring nuclear fuel supplies through 
a fuel bank and healthy marketplace;

•  Eliminating the rationale for enrich-
ment and reprocessing for all but a 
select few, and ensuring that when 
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these activities do take place they are 
under international control/oversight;

•  Securing all excess weapons-usable 
material by putting it in unattractive 
form or burning it where sensible, and 
bringing it under international control 
in appropriate countries; the ultimate 
goal is to draw down separated weap-
ons-usable materials to as close to zero 
in as few places as practical;

•  Disposing of spent nuclear fuel do-
mestically or shipping it to appropri-
ate countries for management and dis-
posal under international oversight;

•  Recognizing countries that agree to 
host multinational disposal facilities 
as providers of a necessary nuclear 
fuel cycle service;

•  Entitling all countries that provide 
fuel cycle services at the front-end or 
back-end to reasonable commercial 
pro½ts;

•  Entitling countries that use foreign 
fuel cycle services at the front-end or 
back-end to security of supply; the 
unique nature and particular risks as-
sociated with nuclear power technol-
ogies imply that the above two points 
must be internationally guaranteed if 
the free market system fails to work 
effectively; and

•  Ensuring that any move toward weap-
ons development or weapons-usable 
material acquisition is surely, quickly, 
and clearly apparent.

Effectively integrating a successful ap-
proach to spent fuel and high-level radio-
active waste management is a crucial
component of pursuing such an agen-
da. The lack of a credible, sustained pro-
gram to provide an ultimate solution to
the disposal of these materials is a seri-
ous hindrance to a healthy nuclear pow-

er program. The growth and spread of
nuclear power may well lead to more
countries accumulating spent fuel. The
subsequent buildup of this material in
an increasing number of nations will
provide a reservoir of plutonium that
could later be accessed through reason-
ably quick and simple, and possibly co-
vert, reprocessing techniques. Along
with the spread of expertise and neces-
sary technical knowledge, this buildup
can bring countries closer to weapons
creation and potentially set off regional
instabilities as neighbors begin to hedge
their nuclear bets as well.

Creating an international initiative to
explore the prospects for multination-
al spent fuel storage, with eventual mul-
tinational disposal of spent fuel or the
high-level waste resulting from repro-
cessing, can begin a win/win process 
for solving the waste issue in a manner
that addresses proliferation, energy, and
waste management issues simultaneous-
ly. Companion efforts could pursue mul-
tinational enrichment facilities and, as
needed, reprocessing facilities with op-
portunities for ½nancial participation 
by emerging nuclear nations.

Established nuclear nations, particu-
larly the nuclear-weapons states, should
lead by example. As leaders, they can
transform waste management and dis-
posal from issues of “nuclear garbage”
to integral elements of an international-
ly accepted system. This system not only
would provide for the resurgence of nu-
clear power, but in doing so would simul-
taneously reduce proliferation, regional
instability, and waste management con-
cerns.
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In October 2006, some 50 years after
North Korea began its nuclear journey, 
it detonated a nuclear device and de-
clared itself a nuclear power. A second
explosion, in May 2009, erased linger-
ing doubts about its ability to build the
bomb. It is instructive to learn how, but
even more important to understand
why, it built the bomb. Pyongyang has
proclaimed its reason for going nuclear:
“The dprk made nuclear weapons and
has strengthened its self-defensive war
deterrent to maintain the sovereignty
and the right to existence of the nation
in the face of the increased aggressive
threat by the U.S.”1 But is the alleged
threat to Pyongyang’s security the on-
ly reason it built the bomb? This essay
briefly reviews what North Korea’s nu-
clear capabilities are and shows how
technical capabilities and political in-
tent were inextricably intertwined in
shaping the program. The essay then
turns to Scott Sagan’s theoretical frame-
work of three models for the bomb2 to
show how Pyongyang’s deep security
fears, augmented by domestic and dip-
lomatic drivers, have dominated its de-
cision to build and keep the bomb. The
essay concludes with lessons learned 

from North Korea for the nonprolifera-
tion regime. 

The promise and peril of nuclear ener-
gy share a common technological foun-
dation. Pursuit of a civilian fuel cycle–
making fuel, building reactors to burn
the fuel, and maintaining the back-end
to deal with nuclear waste, including 
the option of extracting some of the val-
uable by-products from burning reactor
fuel–enables nations to develop the ca-
pability to make bomb fuel, either highly
enriched uranium (heu) or plutonium.
North Korea mastered the plutonium
fuel cycle ostensibly for nuclear power
and then used it to build the bomb. 

This brief review of North Korea’s
acquisition of nuclear capabilities will
only touch on the important political
milestones that helped to shape it; a
more complete discussion will be pre-
sented in the next section. Kim Il-sung,
the country’s founding father, laid the
foundation for nuclear technology de-
velopment in the early 1950s. The So-
viet “Atoms for Peace” initiative, mod-
eled after President Eisenhower’s initia-
tive of the same name, enabled several
hundred North Korean students and re-
searchers to be educated and trained in
Soviet universities and nuclear research
centers. The Soviets built a research re-
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actor, the irt-2000, and associated nu-
clear facilities at Yongbyon in the 1960s.
North Korean specialists trained at these
facilities and by the 1970s were prepared
to launch a nuclear program without ex-
ternal assistance. 

North Korea’s decision to build gas-
cooled, graphite-moderated reactors 
was a logical choice at the time for an
indigenous North Korean energy pro-
gram because gas-graphite reactors can
operate with natural uranium fuel and,
hence, do not require enrichment of 
uranium.3 Although North Korea may
have experimented with enrichment
technologies, commercial enrichment
capabilities were beyond its reach and
dif½cult to acquire.4 North Korea’s am-
bitious program began with an exper-
imental 5 megawatt-electric (MWe) 
reactor, which became operational in 
1986. Construction of that reactor was
followed by a scaled-up 50 MWe reac-
tor and a 200 MWe power reactor, al-
though neither was ever completed. 

North Korea quickly mastered all as-
pects of the gas-graphite reactor fuel
cycle. It built fuel fabrication facilities
and a large-scale reprocessing facility,
which enabled extraction of plutoni-
um from spent fuel.5 Unlike the Soviet-
built research facilities, the new facili-
ties were built and operated without
being declared to or inspected by the
International Atomic Energy Agency
(iaea). Pyongyang had no legal obliga-
tion to declare these facilities because 
it was not a member of the Nuclear 
Non-Proliferation Treaty (npt). Amer-
ican reconnaissance satellites picked 
up signs of the reactor construction in 
the early 1980s and the reprocessing fa-
cility in the late 1980s. It was not until
1989, when South Korea leaked Amer-
ican satellite data of the reprocessing
facility, that the international commu-
nity ½rst became aware of and con-

cerned about North Korea’s indigenous
nuclear program. The concern stems
from the fact that gas-graphite reactors
are capable of producing weapons-grade
plutonium while generating electrical
power and heat. So, whereas Pyong-
yang’s choice of gas-graphite reactors 
for its energy program was logical, it 
was also the best choice to develop a
nuclear weapons option. 

In parallel, North Korea asked the So-
viets to build light water reactors (lwrs)
to help meet North Korea’s energy de-
mands. North Korea joined the npt in
1985 because the Soviets made consider-
ation of lwrs contingent upon joining
the Treaty. These reactors, though, never
materialized because of the demise of
the Soviet Union. Pyongyang kept in-
spectors out of its new facilities until
1992, by which time it had all of the
pieces in place for the plutonium fuel
cycle. This move coincided with sever-
al diplomatic initiatives and President
George H.W. Bush’s decision to with-
draw all American nuclear weapons
from South Korea. By this time, the 5
MWe experimental reactor produced
electricity and heat for the local town, 
as well as approximately 6 kilograms
(roughly one bomb’s worth) of weap-
ons-grade plutonium per year. The fuel
fabrication and reprocessing facilities
were operational, and the two bigger
gas-graphite reactors were under con-
struction. 

In 1992, Pyongyang opened the win-
dow on its nuclear program for dip-
lomatic reasons explained below, but
closed it quickly when iaea inspec-
tors uncovered discrepancies between
their own nuclear measurements at
Yongbyon and Pyongyang’s declara-
tion. Pyongyang responded to iaea

accusations by announcing its intent 
to withdraw from the npt. Pyongyang 
was apparently surprised by the sophis-
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tication of the iaea’s nuclear forensics
and by the strictures of the npt. Negoti-
ations started in June 1993 but stalemat-
ed. In 1994, when North Korea unload-
ed the reactor’s fuel containing an esti-
mated 20 to 30 kilograms of plutonium,
Washington and Pyongyang came close
to war before former President Jimmy
Carter intervened and brokered a freeze. 

Intense negotiations in Geneva led 
to the Agreed Framework,6 which
changed North Korea’s nuclear tech-
nical trajectory dramatically. Pyong-
yang agreed to give up its indigenous
gas-graphite reactor program for the
promise of two lwrs to be supplied by
the United States, South Korea, and
Japan. The spent fuel rods unloaded
from the 5 MWe reactor were repack-
aged by an American technical team 
and stored in the cooling pool for even-
tual removal from North Korea. Op-
eration of the 5 MWe reactor, the fuel 
fabrication plant, and the reprocessing
facility was halted and monitored by 
iaea inspectors per special arrange-
ment under the Agreed Framework.
Construction of the two larger reac-
tors was stopped. 

Although Pyongyang halted its plu-
tonium program during the Agreed
Framework, it continued to expand its
missile program, including by conduct-
ing a long-range rocket launch over Ja-
pan in 1998. It also explored uranium
enrichment.7 During its ½rst formal
encounter with Pyongyang in October
2002, the Bush administration, which
was adamantly opposed to the Agreed
Framework, accused Pyongyang of co-
vertly pursuing the alternative heu 

path to the bomb. This altercation ef-
fectively ended the Agreed Framework
and changed Pyongyang’s technical 
and political trajectory again. 

In 2003, North Korea became the ½rst
nation to withdraw from the npt. It ex-

pelled international inspectors and an-
nounced that it would strengthen its
nuclear deterrent. By the end of 2003,
which also marked the invasion of Iraq
and the fall of Saddam Hussein, Pyong-
yang was eager to have Washington be-
lieve it had the bomb. It used my ½rst
trip to North Korea, an unof½cial, Track
II trip led by my Stanford University col-
league John W. Lewis, to send that mes-
sage back to Washington. In a carefully
choreographed tour of the Yongbyon
nuclear complex in January 2004, Pyong-
yang gave me remarkable access to nu-
clear facilities and nuclear scientists 
and allowed me to hold nearly a half-
pound of plutonium bomb fuel (in a
sealed glass jar), all to convince me it
had a “deterrent.”

Over the next ½ve years, Pyongyang
built and demonstrated its nuclear weap-
ons capabilities while it was engaged off
and on in the six-party talks, which it
joined only because of Chinese pressure.8
We do not know exactly when Pyong-
yang got the ½rst bomb, but we know it
made signi½cant strides during the past
½ve years. In the early 1990s, the cia re-
ported that North Korea may have had
enough plutonium for one or two bombs.
Albright and O’Neill9 reported the un-
certainty in that estimate, noting that it
varied from 10 kilograms plutonium to
perhaps less than 2 kilograms. They also
reported that non-nuclear explosive ex-
periments, which are prerequisites for 
a plutonium bomb, were conducted 
at Yongbyon in the 1980s, leaving little
doubt that Pyongyang was pursuing 
the bomb. 

Since its restart in 2003, the 5 MWe
reactor has operated for approximately
three years, but is currently not opera-
tional. The reprocessing facility is oper-
ational, but extensive corrosion of fuel
fabrication equipment that occurred
during the Agreed Framework left that
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facility only partially operational.10

North Korea has conducted three repro-
cessing campaigns since 2003. The re-
processed plutonium, combined with
the roughly 2 to 10 kilograms North
Korea may have produced before 1994,
yields an estimated plutonium produc-
tion of 40 to 60 kilograms, of which 24
to 42 kilograms are available for weap-
ons today.11

North Korea also conducted two nu-
clear tests of plutonium devices, the 
½rst in October 2006 and the second 
in May 2009. The ½rst was only partial-
ly successful; its explosion yield was
estimated as slightly below 1 kiloton
(compared to roughly 21 kilotons for 
the bomb at Nagasaki). The second 
was more successful, with an estimat-
ed yield of 2 to 4 kilotons. We know
nothing about North Korea’s nuclear
design capabilities. I believe the test
results indicate that North Korea can
build a Nagasaki-like simple plutoni-
um bomb with a yield of 20 or so kilo-
tons, and most likely possesses a nucle-
ar arsenal of four to eight such primi-
tive weapons today. Based on the exper-
ience of other nuclear countries, North
Korea appears a long way from devel-
oping both a missile and a warhead to
launch a nuclear weapon to great dis-
tances. Fielding a nuclear weapon on 
its shorter-range No-Dong missiles
would take less time, but it may re-
quire another nuclear test. 

Following the initial 2002 alterca-
tion with the Bush administration over
North Korea’s alleged uranium enrich-
ment program, Pyongyang denied ever
having pursued such a program in spite
of overwhelming evidence to the con-
trary. As part of its response to un sanc-
tions following the April 2009 missile
launch, Pyongyang announced that it
would now pursue enriching uranium
for a domestic lwr program. On Sep-

tember 3, it informed the un Security
Council that it was in the ½nal stages 
of enriching uranium, something that 
it could only have accomplished if it
already had an active program long be-
fore April 2009. It appears that Pyong-
yang used the current crisis as an op-
portunity to admit to having a urani-
um program; however, that admission
changes the North Korean threat very
little. I still believe that Pyongyang has
experimented with uranium enrichment
for decades, but never developed it on 
an industrial scale.12

Pyongyang has pursued an extensive
missile program for decades. It built its
initial capability, obtained from the So-
viets, into a formidable short-range mis-
sile force and developed an ambitious
export business for re-engineered Sovi-
et missiles. Its principal customers have
been Pakistan, Iran, Syria, Libya, Egypt,
and Burma. Pyongyang’s long-range
missile development has been slow and
not a great technical success. After the
1998 launch, it delayed its second launch
until July 2006, primarily because of the
missile moratorium it declared in 1999.
However, the second launch failed in-
stantly when the rocket apparently hit
the gantry. Its third test, in April 2009,
successfully lifted the ½rst two stages
over the Paci½c, but the third stage
failed. 

Many observers now look at the last
two decades as a dismal diplomatic fail-
ure because Pyongyang’s nuclear pro-
gram was not eliminated. Let’s take a
closer look at what Pyongyang actually
achieved technically–or, perhaps more
importantly, what it did not achieve. It
failed to get commercial nuclear power.
Although Pyongyang now has nuclear
weapons, its weapons program is much
smaller than it would have been if left
unchecked. With the capabilities it al-
ready had or was soon to complete by
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the early 1990s, Pyongyang today could
have an arsenal of a hundred or more
nuclear weapons. Instead, it has enough
plutonium for four to eight weapons and
currently is not producing more. It has
the capacity to put the 5 MWe reactor
back into operation and produce one
bomb’s worth of plutonium annually 
for the foreseeable future, but it has not
taken steps to do so, perhaps indicating
that it believes its small nuclear arsenal
provides a suf½cient nuclear deterrent. 

However, Pyongyang’s export of 
missiles and nuclear technologies ap-
pears not to have been constrained. It
has widely exported short-range mis-
siles and manufacturing technologies.
We have much less information about 
its nuclear exports. However, evidence 
is overwhelming that Pyongyang built 
a plutonium-producing reactor for Syr-
ia that was destroyed by an Israeli air
raid in September 2007. It appears 
quite likely that it exported to Libya 
uranium hexafluoride, the precursor to
heu. There are also grounds to suspect
nuclear cooperation with Pakistan and
Burma.13 Cooperation with Iran is the
greatest concern because Iran is putting
in place all of the pieces for a nuclear
weapons option, and its nuclear capabil-
ities complement those of North Korea.14

The nature of the nuclear exports also
suggests that North Korea may have un-
declared uranium facilities. 

No one outside Kim Jong-il’s inner 
circle understands the decision-mak-
ing process and motivations of North
Korea’s regime. I will use Sagan’s frame-
work to analyze Pyongyang’s nuclear
decisions and try to answer why it built
the bomb. Sagan postulates three mod-
els for the bomb: the security model, 
the domestic politics model, and the
norms model. The security model calls
for states to build nuclear weapons to

increase their security against foreign
threats, especially nuclear threats. States
that face nuclear-armed or vastly superi-
or conventionally armed adversaries will
eventually attempt to develop their own
nuclear arsenals unless credible alliance
guarantees with a major nuclear power
exist. 

Security concerns have been the cen-
tral driver of the North Korean ruling
regime since the birth of the nation after
World War II. Much of Pyongyang’s nu-
clear decision-making can be understood
by examining how Pyongyang saw its se-
curity environment evolve over the years.
The devastating Korean War, resolved
only by an armistice, and the U.S. threat
to use nuclear weapons likely moved Kim
Il-sung to pursue nuclear weapons early
on. He likely strengthened his resolve to
pursue his own bomb when China, short-
ly after its own ½rst nuclear test in 1964,
turned down his request to share its
atomic secrets.

The late 1960s were turbulent times 
in Pyongyang’s relations with the West.
South Korea’s military was bolstered 
by U.S. troops and U.S. nuclear weap-
ons on its soil. Pyongyang watched the
Cuban missile crisis unfold in a manner
that shed doubt on Soviet commitments
to its allies. It witnessed the Sino-Soviet
split and the Chinese Cultural Revolu-
tion. Each of these developments rein-
forced the notion that Pyongyang could
only rely on itself for the North’s secu-
rity. Although Pyongyang ½elded an im-
mense conventional army and its dead-
ly artillery along the Demilitarized Zone
(dmz) was poised to destroy Seoul, nu-
clear weapons would help to balance 
the U.S. nuclear presence in the South.
Therefore, the political drivers existed 
to match Pyongang’s sustained techno-
logical drive to develop or import the
necessary reactor and reprocessing fa-
cilities to eventually build nuclear
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weapons, a technological base that it
completed by 1990. 

By the early 1990s, Pyongyang’s se-
curity environment deteriorated dra-
matically. As the Cold War drew to 
a close, Pyongyang lost ½nancial as-
sistance from the former Soviet bloc. 
Its archrival, South Korea, had pulled
ahead economically as well as strength-
ened its military. China focused on its
economic rise and reached out to South
Korea, and Russia recognized the South
as well. Pyongyang was devastated by
these changes and began seriously to
explore accommodation with the West,
especially with the United States. Car-
lin and Lewis15 believe that Kim Il-
sung made the strategic decision to en-
gage the United States and even accept
U.S. military presence in the South as 
a hedge against potentially hostile Chi-
nese or Russian influence. 

Kim Il-sung took bold steps toward
reconciliation with the South. He signed
a North-South reconciliation agreement
and North-South denuclearization agree-
ment, which altered the security land-
scape and offered a potential resolution
to the nuclear issue.16 Following a dif½-
cult start with the Clinton administra-
tion, Pyongyang agreed to trade its gas-
graphite reactors and associated fuel-
cycle facilities for two lwrs and interim
energy assistance in the form of heavy
fuel oil. Carlin and Lewis point out that
Pyongyang viewed the political provi-
sions of the Agreed Framework, which
called for both sides to move toward full
normalization of political and econom-
ic relations, to be the heart of the pact. 

However, reconciliation between
Washington and Pyongyang proved dif-
½cult, as Washington saw the Agreed
Framework primarily as a nonprolifera-
tion agreement. Struck by the Clinton
administration as the best alternative 
to avoid war and put the North on a 

path to denuclearization, the Agreed
Framework was opposed immediately
by many in Congress who believed that
it rewarded bad behavior. Congress
failed to appropriate funds for key pro-
visions of the pact, causing the United
States to fall behind in its commitments
almost from the beginning. The lwr

project also fell behind schedule because
the legal arrangements were much more
complex than anticipated. The Agreed
Framework, which began as a process 
of interaction and cooperation, quickly
turned into accusations of non-compli-
ance by both parties. 

The 1990s were also particularly dif-
½cult times domestically for North Ko-
rea. In addition to geopolitical changes,
North Korea lost Kim Il-sung and had 
to cope with a series of natural disasters
that added to its economic devastation
and decimated its industrial capacity. 
Its once mighty conventional military
was decaying. Its hope for receiving the
bene½ts of nuclear electricity to help
bolster its sagging economy appeared 
a distant hope because of delays in im-
plementation of the Agreed Framework.
However, the diplomatic crisis resulting
from its 1998 rocket launch over Japan
was resolved by the Perry Process, which
brought Pyongyang’s second-ranking
of½cial, Vice-Marshal Jo Myong-rok, 
to the White House in October 2000.17

The two sides issued a joint communi-
qué that pledged “neither would have
hostile intent toward the other and
con½rmed the commitment of both 
governments to make every effort in 
the future to build a new relationship
free from past enmity.” This commu-
niqué signaled to Pyongyang for the 
½rst time that the United States recog-
nized the right of North Korea to exist.
The follow-up meeting between Secre-
tary of State Madeleine Albright and
Kim Jong-il that was held in Pyongyang
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a couple of weeks later appeared to put
the nuclear crisis on a path to ½nal reso-
lution. 

With the change in administrations 
in Washington, hope for a settlement
was quickly dashed. Whereas Pyong-
yang was waiting for a U.S. response to
the Perry Process, it ran into the Bush
administration’s adamant opposition 
to the terms of the Agreed Framework
and to political accommodation. Pyong-
yang practiced restraint with the incom-
ing Bush administration until North Ko-
rea was accused of a covert uranium en-
richment program and saw the Agreed
Framework come to an end. During the
confrontation over enrichment in Octo-
ber 2002, First Vice Minister of Foreign
Affairs Kang Sok-ju told his American
counterpart, “We are a part of the axis of
evil. . . . If we disarm ourselves because of
U.S. pressure, then we will become like
Yugoslavia or Afghanistan’s Taliban, to
be beaten to death.”18 Pyongyang with-
drew from the npt and restarted its dor-
mant Yongbyon facilities to produce fuel
for a plutonium bomb. 

Pyongyang’s security fears were 
further heightened by the invasion of
Iraq. Pyongyang now believed the bomb
would assure its survival, so it no longer
hid its nuclear weapons aspirations. At
the six-party negotiations, Pyongyang
again declared its willingness to denu-
clearize in return for political accom-
modation and economic and energy as-
sistance. Although Pyongyang signed
the Joint Denuclearization Statement 
on September 19, 2005, the talks were
mired in distrust and accusations. They
led to alternate cycles of dialogue and
confrontation. 

Pyongyang viewed U.S. ½nancial 
sanctions imposed at the same time as 
a breach of the denuclearization pact. It
withdrew from the talks and launched a
second long-range rocket in July 2006

and conducted its ½rst nuclear test in
October 2006. The test drew un Securi-
ty Council sanctions, but Pyongyang ap-
peared to offset the negative effects of
sanctions with increased diplomatic lev-
erage. Later that year, the Bush adminis-
tration radically changed its negotiating
strategy with Pyongyang for the remain-
der of its term. It conducted bilateral ne-
gotiations under the umbrella of the six-
party talks, something that Pyongyang
had desired but that the Bush adminis-
tration had refused to do for six years.
Pyongyang viewed this change as a di-
rect result of its new nuclear status,
whereas domestic U.S. politics and the
results of the 2006 congressional elec-
tions may have played a greater role. 

During the remainder of the Bush ad-
ministration, Pyongyang agreed again to
halt its nuclear program, but not to elim-
inate it. During my visit three weeks af-
ter the nuclear test in 2006, North Kore-
an of½cials made it clear that their nego-
tiation strategy had changed. They con-
sidered North Korea to be a nuclear pow-
er and wanted to talk arms control with
Washington, not denuclearization fo-
cused on the North.19

In early 2009, Pyongyang decided 
not to wait for engagement by the Oba-
ma administration, but instead took
aggressive steps to enhance its missile
program. These steps prompted more
un sanctions, which Pyongyang used 
as an excuse to walk away from all its
international nuclear obligations and 
to restart its nuclear program, including
testing a second nuclear device in May.
Although security concerns continue to
dominate its decision-making, Pyong-
yang’s actions were most likely driven
by domestic and diplomatic factors rath-
er than an increased sense of insecurity. 

Sagan’s domestic politics model pos-
its that nuclear weapons may serve the
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bureaucratic or political interests of in-
dividual actors, such as the military, the
nuclear establishment, politicians, or the
public. Such actors or coalitions of actors
may influence the state’s decision-mak-
ing. Sagan cites the Indian nuclear pro-
gram as a particularly convincing case 
of the importance of domestic politics
and the influence of domestic advoca-
cy groups. He further demonstrates that
domestic political factors played strong
roles in nuclear decision-making in South
Africa, Ukraine, Argentina, and Brazil. 

Domestic politics are clearly differ-
ent in North Korea. The Kim dynasty,
father and son, has ruled the country
with an iron ½st and based its legitima-
cy, in large part, on a cult of personali-
ty of its leaders. To stay in power, the
regime tightly controls all information,
limits contact of its people with the out-
side world, and warns its people that
external forces constantly threaten the
very existence of their nation. Extern-
al threats are used to justify keeping the
country on a constant war-footing that
requires continued sacri½ces by and
harsh treatment of its people. Natalia
Bazhanova20 points out that in com-
munist countries the pursuit of nuclear
weapons to meet external threats helps
to increase tensions at home and distract
people’s attention from their daily griev-
ances and the failures of the regime. The
need for nuclear weapons drives home
the severity of the external threat. 

The need for nuclear weapons was 
not directly invoked with the public
until 2003, when Pyongyang openly
declared its pursuit of nuclear weap-
ons. Propaganda was greatest after the
long-range missile and nuclear tests in
2006 and 2009. Although Pyongyang’s
leaders have not had to contend with
political opposition or public uprisings,
the nuclear card, along with the missile
program, has helped to emphasize the

power and prestige of the regime. There
was much speculation that a succession
crisis was driving Pyongyang’s decision-
making in 2008, after Kim Jong-il was
reported to have suffered a stroke and
appeared frail. Kim Jong-il reemerged
and appeared to have rearranged the do-
mestic power structure and solidi½ed 
his control. Still, any future succession
crisis in the dprk may make coopera-
tion with the United States less likely, 
as potential leaders would want to avoid
being branded as “weak” or as “appeas-
ing” Washington in negotiations about
the nuclear program. 

Sagan’s norms model views nuclear
decisions as also serving important 
symbolic functions externally–both
shaping and reflecting a state’s identity.
Norms and shared beliefs about what is
legitimate and appropriate in interna-
tional relations can drive nuclear deci-
sion-making. Symbolism becomes im-
portant. Nuclear weapons become part
of what de½nes a legitimate, modern
state. Sagan contends that the French
decision to build nuclear weapons was
more the result of French leaders’ per-
ceptions of the bomb’s symbolic signi½-
cance than its security calculus. Sagan
also shows how international norms,
such as the npt, helped to restrain na-
tions’ nuclear ambitions and, in cases
such as Ukraine, to relinquish a nuclear
arsenal inherited from the Soviet Union.

Pyongyang does not appear to have
allowed international norms to influ-
ence its nuclear decision-making. The
record shows that its own needs always
trumped international norms and ob-
ligations. Pyongyang signed the npt

because of the promise of Soviet lwrs,
but did not sign the required safeguards
agreement with the iaea for years be-
cause it wanted to keep its nuclear con-
struction hidden from the world. 
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Pyongyang withdrew from the npt in
2003 and de½ed international norms and
un sanctions with its two nuclear tests
and long-range missile launches. Pyong-
yang decided to hedge its bets during the
Agreed Framework, violating the agree-
ment and its npt commitments by ac-
quiring export-controlled materials and
equipment from abroad in order to ex-
plore the uranium enrichment route to
the bomb. 

However, international symbolism
and prestige derived from nuclear tech-
nologies and weapons played an impor-
tant role. North Korea views itself as a
small and weak nation in spite of its do-
mestic propaganda to the contrary. Once
Pyongyang acquired and demonstrated
the bomb, it used the power and prestige
derived from the bomb as a diplomatic
lever to strengthen its negotiating posi-
tion. Its decision to confront the Obama
administration with a missile launch and
a nuclear test was more likely an attempt
to gain diplomatic leverage and possi-
bly to support domestic changes, rather
than an effort toward deterring an in-
creased security threat. 

Pyongyang may also simply have de-
cided to take advantage of the transition
to accomplish two objectives while the
Obama administration was still formu-
lating its Northeast Asia security poli-
cies and assembling its executive team.
North Korea’s long-range missile pro-
gram needed additional flight tests, and
Pyongyang needed to demonstrate to
itself and the world that its nuclear weap-
ons could do better than the 2006 test.
The missile and nuclear tests must have
been on the shelf ready to go for some
time, looking for a convenient window. 

What can we learn from how and why
North Korea built the bomb? North Ko-
rea is unlikely to give up its nuclear arse-
nal anytime soon because it has become

crucial to how the regime assures its se-
curity. Nuclear weapons also play a sup-
portive role domestically and provide
diplomatic leverage. Pyongyang views
its security concerns as existential. They
are deeply rooted in history and, hence,
are unlikely to be resolved by alliances
with its neighbors, each of which North
Korea believes to have ulterior motives.
Pyongyang turned to the United States,
but it found Washington unreliable and
inconsistent. In spite of having received
numerous security guarantees that pro-
mised to respect its sovereignty along
with assurances not to invade the coun-
try, Pyongyang still feels threatened to-
day. It will require much more than an-
other security guarantee to make Pyong-
yang feel secure. 

Even if North Korea’s security fears
are assuaged, domestic factors favor
keeping the bomb. The external threat 
is used to justify the need for the bomb
and the sacri½ces North Korea’s people
are asked to make. That threat also helps
keep its people submissive and isolated
from the international community. It
also helps the regime continue to con-
trol all information and to blind its peo-
ple to progress in the rest of the world,
especially south of the dmz. Paradoxi-
cally, compared to a more democratic
country, an autocracy like North Korea
may ½nd it easier to give up its weapons
if doing so is seen to help the regime sur-
vive, because it does not have to deal
with domestic opposition. 

Military might is the only source of
Pyongyang’s diplomatic power today.
Nuclear weapons have become central 
to the projection of its military might, 
in spite of the fact that its nuclear arse-
nal has little war-½ghting utility. Pyong-
yang views nuclear weapons as diplomat-
ic equalizers with its much more pros-
perous and powerful, but non-nuclear
rivals, South Korea and Japan. Without
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nuclear weapons, North Korea would get
scant attention from the international
community.

Many believe that the bomb is only a
bargaining chip and that North Korea is
willing to sell it for the right price. How-
ever, for reasons stated above, there is no
price high enough for Pyongyang to sell.
It is also not about to give up its nuclear
weapons ½rst as a condition of normal-
ization. Pyongyang may agree to denu-
clearize in principle, but it will drag out
implementation as it did during the six-
party process.

It is also unlikely that North Korea can
be forced to give up the bomb. Realisti-
cally, military options are off the table
unless North Korea initiates a conflict.
Additionally, sanctions are ineffective
without China’s support, but China will
not support sanctions that bring Pyong-
yang to its knees. Beijing fears U.S. in-
tervention in North Korea more than it
does nuclear weapons in its neighbor’s
hands. It wants peace and stability on
the Korean peninsula. 

As undesirable as it may sound, the
best hope is a long-term strategy to con-
tain the nuclear threat while tackling 
the North Korean problem comprehen-
sively, but in discrete steps.21 Both Bei-
jing and Seoul favor taking the long
view. Time is not on Pyongyang’s side.
The greatest threat to the regime is not
from the outside, but from within. It
can’t hold back its people forever from
the tide of change surrounding its bor-
ders. In the meantime, it is important 
to avoid a clash between Pyongyang 
and Seoul or Tokyo. And it is essential 
to stop Pyongyang from doing addition-
al damage around the world through nu-
clear cooperation and exports. Beijing 
is likely willing to restrain North Korea
from expanding its nuclear program and,
most importantly, to stop it from export-
ing its nuclear materials or technologies.

That is how our joint efforts should be
directed to reduce this dangerous threat. 

The lessons of North Korea will not 
be lost on other potential proliferators,
particularly Iran. Pyongyang broke new
ground in defying international norms
and took advantage of the international
community’s inability to respond effec-
tively. Restricting supply of nuclear tech-
nologies through international treaties,
norms, and arrangements slows down,
but does not stop determined prolifera-
tors. We must understand the demand
side of nuclear proliferation. Motivation
may change over time; it becomes more
dif½cult to reverse proliferation the long-
er a nuclear program has been pursued
and the more successful it has become.
In North Korea’s case, the security moti-
vation was augmented by domestic and
diplomatic considerations and also by
time and increased programmatic suc-
cess. Many have called Pyongyang’s ac-
tions unpredictable and bizarre, but I
½nd that they are most likely based on 
a deliberate calculus of its needs, its ne-
gotiating strategy, and the necessarily
inexact science of negotiations and im-
plementation. 

North Korea demonstrated how a 
sustained technical effort can develop
the nuclear weapons option under ci-
vilian nuclear energy cover and, by ex-
ercising its npt Article X rights to with-
draw from the Treaty, how that option
can be exercised quickly once proper
political conditions emerge. The choice
of fuel cycle for the civilian cover is im-
portant. Pyongyang selected the gas-
graphite reactor technology, which was
the best dual-use option. A lack of trans-
parency and cooperation with the iaea

should serve as a red flag of a state’s nu-
clear weapons aspiration. Pyongyang
also con½rmed that producing the ½ssile
material–plutonium in this case–is the

Dædalus  Winter 2010 53

Lessons
learned 
from the 
North 
Korean
nuclear
crises

Book_Wi2010:Daedalus.qxd  12/8/2009  12:31 PM  Page 53



54 Dædalus  Winter 2010

critical step. It was able to build the
bomb rapidly once it had plutonium
because it had tested the non-½ssile
components of the weapon before-
hand. North Korea taught us that we
should not underestimate the indige-
nous capabilities of nations willing to
commit resources to build the bomb.
Both Russia and China underestimat-
ed this capability and, consequently,
misjudged the severity of the threat. 
In Washington, the threat was often
exaggerated for political purposes.
Hence, it is important to get accurate,
publically available technical assess-
ments of nuclear capabilities. 

Pyongyang showed that a nuclear ar-
senal does not have to be large or so-
phisticated to be politically effective.
Nuclear tests strengthened the coun-
try’s hands and tied the hands of the
international community. Thus, it is 
crucial to stop aspiring programs short
of demonstrating their capabilities. All
nuclear threats are not equal; prioritiza-
tion is critical. The Bush administration
killed the Agreed Framework for domes-
tic political reasons and because it sus-
pected Pyongyang of cheating by covert-
ly pursuing uranium enrichment. Doing
so traded a potential threat that would 
have taken years to turn into bombs 
for one that took months, dramatically
changing the diplomatic landscape in
Pyongyang’s favor. On the other hand,
the Bush administration did not deal ef-
fectively with North Korea’s egregious,
secret construction of a plutonium pro-
duction reactor in Syria, which con-
stituted a serious proliferation threat.
Moreover, Pyongyang may also be en-
gaged in similar, and perhaps even 
more dangerous, liaisons with the 
likes of Iran and Burma. 

The United States plays an indispen-
sable role in proliferation prevention,
but it can’t go it alone. It cannot afford

to sit at the sidelines as it has done with
Iran. We found that Pyongyang was will-
ing to slow its drive for nuclear weapons
only when it believed the fundamental
relationship with the United States was
improving, but not when the regime was
threatened. Pyongyang was willing to
tolerate the six-party negotiations, but
progress was made only when Washing-
ton agreed to bilateral dialogue. Wash-
ington holds the key to incentives, but
by itself cannot impose suf½cient disin-
centives to eventually convince North
Korea to give up its weapons. It must
have support from Beijing and Seoul,
both of which have very different stra-
tegic objectives. 

The more divided we are at home, 
the more we yield advantage to the ad-
versary. Political divisions in Washing-
ton in recent years resulted in our in-
ability to negotiate the nuclear crisis
effectively. American diplomats lament
that it has been more dif½cult to negoti-
ate in Washington than at the six-party
table. Not only have we not been able 
to negotiate effectively, but also we have
allowed Pyongyang to cross with impu-
nity every red line we have drawn. The
U.S. negotiating position has also been
hampered by our inability to sustain
consistent policies through transitions
in administrations. Pyongyang has tak-
en advantage of our political divisions 
to play a weak hand with success. Un-
less we learn from the lessons of North
Korea, others may be able to do the
same.22
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From its beginnings, the multilateral
Treaty for the Non-Proliferation of Nucle-
ar Weapons (npt) has been flawed by
deeply entrenched discriminatory fea-
tures. Yet somehow it has emerged as the
most widely subscribed-to disarmament
agreement in the world, with 190 mem-
ber states-parties.1 The year 2010 marks
the fortieth anniversary of the npt’s en-
try into force, and also serves as occasion
for the Treaty’s next ½ve-year review by
all member states. This review comes at
a time when the strength of the npt is
being sorely tested by pressures arising
from the original “bargain” between the
nuclear-weapons states (nws) and non-
nuclear-weapons states (nnws); by the
litany of unful½lled promises from past
review conferences, especially the 1995
Review and Extension Conference and
its discussion surrounding Article VI;
and by the few instances of nnws at-
tempting to renege on their npt obli-
gations.

The npt is a unique treaty in many
ways. It seeks to combine the prohibi-
tive aspect of a disarmament treaty (with
regard to nnws, in Articles I, II, and III)
and the advisory approach of an arms
control treaty (with regard to the nws,

in Articles IV and VI). It also contains a
provision, in Article X, paragraph 2, for 
a conference to be convened 25 years
after the Treaty’s entry into force, to
decide whether it should be extended
inde½nitely or “for an additional ½xed
period or periods.” Article VIII, para-
graph 3 of the Treaty also provides for
review conferences at ½ve-year inter-
vals. If diplomacy is the application of
tact, skill, and intelligence in the con-
duct of international relations among
nation-states, then both of these Treaty
provisions offer opportunities for the
active exercise of diplomacy by states
party to the Treaty. 

Most treaties are designed to last for
an inde½nite duration and are frozen in
time except for amendment procedures,
which, at any rate, are normally dif½cult
to implement. In this respect, the inter-
nal dynamics of npt conferences as-
sume special importance while the ex-
ternal context, including instructions
from national governments, continues
to have undisputed influence. Thus the
1995 npt Review and Extension Confer-
ence and all other review conferences,
held every ½ve years since 1975, merit
close analysis for the interplay of diplo-
matic efforts by nws and nnws and 
the impact these efforts have had on the
future course of the npt. The lead-up to
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the 2010 Review Conference provides 
an appropriate moment to study this
diplomacy, which includes examining
how past conferences have been man-
aged. npt diplomacy is not merely the
interaction of delegations at npt confer-
ences and in between; it is also the man-
agement of the conferences by the of½-
cers elected to the various positions by
the states-parties, in view of the impact
these of½cers have on the success or fail-
ure of the conferences. Often the most
intractable issues do not necessarily
cause conferences to implode and col-
lapse without agreement if there is suf-
½cient goodwill and creative diploma-
cy. By contrast, negative personal chem-
istry among key delegations and poor
conference management are likely to
exclude any hope of accommodation 
or compromise.2

The negotiating record of the npt

–as revealed especially in Mohamed 
Shaker’s pioneering study3–indicates
that the Treaty was largely a product 
of U.S. and, subsequently, ussr delega-
tions that co-chaired the Eighteen Na-
tion Disarmament Conference (endc),
the negotiating body that preceded
today’s Conference on Disarmament.
Prior to the endc, in 1959 the United
Nations General Assembly (unga)
adopted Resolution 1380 (XIV), which
had been proposed by Ireland and 
called for nws to refrain from provid-
ing weapons to nnws.4 Two years 
later, another Irish draft resolution 
on the “prevention of the wider dis-
semination of nuclear weapons” was
also adopted by the Assembly. What
makes the 1959 and 1961 resolutions 
distinctive is that both resolutions 
represent the views of the nnws. 
Of the two resolutions, the second, 
Resolution 1665 (XVI), adopted unani-
mously in the unga on December 4,

1961, can be regarded as the genesis of
the npt.

The transition from the unga, 
where voting is equitable with each
member state having one vote, to the
endc, where, among the 18 states, the
cochairs were in a clear position of au-
thority and influence as Cold War super-
powers, was signi½cant. The more even-
ly balanced interests of nws and nnws

in the Irish resolution mutated to a draft
treaty that was heavily weighted toward
the interests of nws. At the same time,
the cochairs were aware that the draft
treaty had to attract the support of a
wide range of nnws. 

The main opposition came from 
Germany and Italy, both of which felt
that they were targeted. Their diplo-
macy helped limit the duration of the
npt to 25 years. Article VI–widely re-
garded as the disarmament pillar of 
the npt–was the result of developing
countries, nnws like Mexico, whose
redoubtable Ambassador Alphonse 
Garcia-Robles spearheaded the ½ght 
for the inclusion of this Article. By 1961,
the Non-Aligned Movement (nam),
with member states from each conti-
nent, had its ½rst summit in Belgrade.
The 25 countries of nam had pledged 
to pursue an independent foreign pol-
icy unattached to the two blocs and 
were beginning to assert influence in
global politics. That Article VIwas a
watered-down version of what Mexi-
co and others proposed and, eventually,
was placed deliberately within the con-
text of “general and complete disarma-
ment” was perhaps the best possible
outcome given the strength of the nws

in the endc. Garcia-Robles played a
leading role in the conclusion of the 
1968 Treaty of Tlatelolco, which made
Latin America and the Caribbean the
½rst inhabited nuclear-weapon-free
zone. Later, he shared the 1982 Nobel
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Peace Prize with Ambassador Alva
Myrdal of Sweden, another outstand-
ing disarmament diplomat.

In the formulation of Article X, para-
graph 1 (the withdrawal clause of the
npt; now very much the center of dis-
cussion after the dprk left the npt), it
is clear from the negotiating record that
the United States introduced the clause,
but that Egypt, Burma, Brazil, and Nige-
ria had a role in the ½nal language adopt-
ed. The focus at the time was on states
exercising their sovereign right to with-
draw on the basis of other states-parties
not complying with their obligations.

The npt was signed on July 1, 1968,
and entered into force in 1970. Its mem-
bership has expanded from 91 in 1975 to
190 in 2009. The three depositary states
–the United States, Russia, and the Unit-
ed Kingdom–have strongly encouraged
other states to join, contributing to this
expansion. However, it is true that as-
sertive U.S. diplomacy has succeeded 
in convincing many countries to join 
the npt as nnws. At certain stages,
opponents of the npt, such as India,
have tried to counteract this diploma-
cy but without much success, especial-
ly in South Asia. A dramatic uptick in
accessions was noticeable prior to the
1995 Review and Extension Conference.
While sovereign countries of course
make a decision to join the npt accord-
ing to their national interests, the entry
of long-standing holdouts like Argenti-
na, Brazil, and South Africa represents 
a diplomatic success for the depositary
states.

Four review conferences were held in
Geneva during the 1975–1990 period,
with two of the conferences (1975 and
1985) seeing adoption of a Final Decla-
ration by consensus and two (1980 and
1990) failing to do so. However, it is ar-
guable whether the success or failure 

of review conferences can be judged 
by the adoption of a Final Declaration.
First, although the rules of procedure 
for the conferences provide for voting,
decisions are generally reached by con-
sensus, out of an increasing concern 
not to be divisive in vital issues of secu-
rity. This empowers individual delega-
tions or small groups of delegations to
obstruct consensus and prevent the
adoption of a Final Declaration.

Second, adopting a Final Declaration
is regarded by some as less important
than a comprehensive discussion of 
how the npt has been implemented 
in all of its aspects. That belief may ap-
pear to be a rationalization for failure 
in diplomacy. But the fact is that the
adoption of a Final Declaration is the
expression of collective political will.
Failure to do so could be a symptom 
of deeper political malaise or a demon-
stration of dissatisfaction with speci½c
aspects of the review process, such as
when the Arab group of countries fo-
cuses on a demand for Israel to join 
the npt as a nnws. The adoption of 
a Final Declaration is also influenced 
by the prevailing global atmosphere.
Thus, a Final Declaration at a review
conference is undoubtedly a political
barometer.

The 1975 Review Conference. As the 
½rst review conference, the 1975 Con-
ference served as a precedent, with 
those nnws that were part of nam–
functioning under the title “Group 
of 77”–ready to confront the three 
nws in the npt at the time: the Unit-
ed States, the ussr, and the United
Kingdom. Article VIwas the key area 
of dispute, and the Comprehensive 
Test Ban Treaty (ctbt) was a princi-
pal demand, in addition to security
assurances for the nnws. The adop-
tion of a Final Declaration was less 
a reflection of diplomatic agreement
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among the parties and more a tribute 
to the forceful personality of Confer-
ence President Inga Thorsson of Swe-
den, who is said to have pushed her 
own draft through after the Drafting
Committee failed to reach consensus 
on the nuclear disarmament aspects.
Mexico, as spokesman for the Group of
77, made an interpretative statement of
the Final Declaration that was incorpo-
rated as a Conference document. Thus,
participants arrived at an uneasy com-
promise.

The 1980 Review Conference. The 1980
Review Conference followed the re-
markable success of the 1978 First Spe-
cial Session of the unga devoted to 
disarmament (ssod I), and expecta-
tions were high. The Carter adminis-
tration had been weakened consider-
ably by the overthrow of the Shah in
Iran and the subsequent student take-
over of the U.S. Embassy, with its staff
held in a prolonged hostage crisis. U.S.
diplomats were in no mood to accom-
modate nam demands. Relations be-
tween the United States and the ussr

were strained by the Soviet invasion 
of Afghanistan. nam itself was divid-
ed by tensions between Iran and Iraq,
which erupted into a nasty war after 
the Review Conference. 

Sharp divisions arose over Article VI
and the ctbt, security assurances, Arti-
cle III, and nuclear-sharing insofar as it
was contrary to Articles I and II. After
the success of ssod I, nam was not 
prepared to settle for anything less than
disarmament, and so a deadlock result-
ed, with no Final Declaration adopted.

The 1985 Review Conference. In prepa-
ration for the 1985 Review Conference, 
I chaired the third session of the Prepa-
ratory Committee (which decided on 
the current structure of the three Main
Committees and apportioned the chairs
of these committees to the Western,

Eastern, and nam groups) and went 
on to chair Main Committee I of the
Conference, which was held during 
U.S. President Reagan’s ½rst term. 

Israel had attacked and destroyed
Iraq’s safeguarded nuclear reactor by 
the time of the 1985 Conference. De-
spite this inclement atmosphere, npt

diplomacy reached new heights under
the able presidency of Ambassador
Mohamed Shaker of Egypt (himself 
an authority on the npt). His innova-
tive diplomacy included assembling a
representative group of advisors who
helped to steer the Conference to the
successful adoption of a Final Declara-
tion. Before that, however, numerous
hurdles had to be cleared, as sharp and
irreconcilable divisions arose over dis-
armament issues, especially the ctbt. 

It was evident that instructions given
to the U.S. delegation were very tight,
and I conceived of a drafting exercise
similar to the Shanghai Communiqué 
of February 28, 1972, from the end of
President Nixon’s historic visit to Chi-
na. That communiqué had stated Chi-
na’s position and the U.S. position on
many controversial issues separately 
and with no attempt to bridge the dif-
ferences. Thus a draft that reflected an
overwhelming majority of delegations
expressing support for a ctbt with a 
few delegations holding a contrary view
was drawn up and ½nally accepted, help-
ing to break the stalemate that was pre-
venting a consensus.

This formula of “agreeing to disagree”
was unusual but helped in the adoption
of a Final Declaration. The personal di-
plomacy of the leader of the U.S. dele-
gation, Ambassador Lewis Dunn, who
painstakingly built relationships with
the main of½cers of the Review Con-
ference throughout all sessions of the
Preparatory Committee, was another
ingredient in the success of the 1985
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Conference. In the ½nal hours of the Con-
ference, the hard work on the more sub-
stantive issues was almost wrecked over
a non-npt-related dispute between Iran
and Iraq. This dispute was also resolved
by a drafting exercise, which satis½ed
both parties, and in the small hours 
of the morning, with the clock having 
been stopped, the Conference was suc-
cessfully concluded.

The 1990 Review Conference. The 1990
Review Conference had to confront
nam’s renewed demand for a ctbt,
which could not be resolved through
drafting tricks or innovative diploma-
cy. Although the Mexican delegation 
is accused of having “wrecked” the Con-
ference, standing out resolutely against
any compromise, it must also be stated
that the president of the Conference 
and other key delegations lacked the
flexibility to devise diplomatic solu-
tions or procedural ½xes. 

On the other hand, the 1990 Confer-
ence is possibly an example of the lim-
its of npt diplomacy when the political
context is so dif½cult that no diplomacy
could overcome the differences among
delegations. The lesson to be drawn is
that politics and diplomacy must go to-
gether if multilateral conferences are to
succeed. There has to be political will to
adopt decisions in a conference; creative
diplomacy alone will not be enough.

Preparations for the 1995 npt Review
and Extension Conference (nptrec)
and its month-long conduct presented 
a huge diplomatic challenge.5 The npt

depositary states, led by the United
States, were clear that an inde½nite ex-
tension was their goal, and U.S. diplo-
mats, particularly Ambassador Thom-
as Graham, Jr., worked with national
governments to achieve this end. (Am-
bassador Graham’s book Disarmament
Sketches describes his efforts.) While

Russia, the United Kingdom, and 
France supported the same objective,
there was no evidence of the same
organized diplomatic offensive from
them. China maintained publicly that 
it wanted “a smooth extension” but,
with one eye on nam, declined to be
more explicit or active. The political
atmosphere around the 1995 nptrec

was made favorable by the Clinton ad-
ministration’s decision to begin nego-
tiating a ctbt in the Conference on 
Disarmament, thus removing one of 
the most contentious issues in npt

conferences.
South Africa was a key target of U.S.

diplomacy, following Nelson Mandela’s
assumption of leadership of the nation
and its emergence as a non-racial de-
mocracy replacing the white minority
regime of the past. More signi½cant-
ly, South Africa had joined the npt

as a non-nuclear-weapons state after 
destroying its nuclear devices under
International Atomic Energy Agen-
cy (iaea) supervision. A special link 
on key nptrec issues is said to have
been established between U.S. Vice 
President Al Gore (who addressed the
opening of the nptrec) and South
African Vice President Thabo Mbeki,
ensuring South Africa’s support for an
inde½nite extension of the npt. This
was an undoubted diplomatic triumph,
especially as South Africa had proposed
another 25-year extension during the
Preparatory Committee stage. 

The United States attempted similar
diplomacy with the Arab group of coun-
tries, Egypt in particular, but was less
successful. The Egyptian Foreign Minis-
ter at the time, Amr Moussa, remained
critical of Israel’s rejection of the npt

and demanded a solution to this rejec-
tion, calling for the Middle East to be-
come a weapons of mass destruction–
free zone. Another critic of U.S. npt
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policy was the able Mexican diplomat
Miguel Marin Bosch, who was margin-
alized under U.S. pressure. A series of
articles in The Washington Post on the 
eve of the nptrec outlined U.S. policy
and its diplomatic efforts. In marked
contrast to the well-organized U.S. dip-
lomatic offensive, the nam countries
had no similar campaign. No alterna-
tive to inde½nite extension was concep-
tualized clearly or pursued vigorously,
although many delegations proposed
extensions of varying length since an
extension would have given nam the
leverage it wanted. Even the critics 
outside the npt, like India, made no
effort to see that their wishes for a 
deadlocked conference were realized 
by way of an organized nam stance.

The of½cers for the 1995 nptrec,
principally the president, were identi-
½ed at an early stage. Two names, in-
cluding my own, were proposed for 
the presidency at the very ½rst session 
of the Preparatory Committee, and I 
was con½rmed as president at the sec-
ond session. This jump start provided
ample time for consultations to be con-
ducted and for diplomatic strategies to
be planned. (In contrast, the con½rma-
tion of the president-elect for the 2010
npt Extension and Review Conference
was con½rmed at the third session of the
Preparatory Committee in May 2009.)
Because of the complexity and impor-
tance of the 1995 nptrec in compar-
ison to other ½ve-year review confer-
ences, four sessions of the Prepara-
tory Committee were necessary, and 
yet there was no complete agreement 
on the rules of procedure. 

The diplomatic wrangling surround-
ing the rules of procedure was con-
cerned with the mode of voting: would
voting be conducted by secret ballot or
by open ballot, if the Conference came
to voting? nam countries overwhelm-

ingly preferred the former while the
Western group preferred the latter. The
importance of this decision revolved
around the wording of Article X, para-
graph 2, which stipulated that the exten-
sion decision be taken “by a majority of
the Parties to the Treaty.” This deadlock
remained unresolved throughout the
nptrec, and it was just as well that the
½nal package of three decisions and the
Resolution on the Middle East were
adopted without a vote.

At the opening of the Conference it
was clear to me as president, through
interviews with delegations that had 
not openly announced their extension
preferences, that the majority needed 
for an inde½nite extension did exist. It
was therefore left to me to craft a proce-
dure that would legitimize this as well 
as reflect the overwhelming view that
the extension should be conditioned on
speci½c guarantees that nuclear disar-
mament would be achieved. To respond
to that challenge, a small group styled
the “President’s Consultations,” along
the lines of Ambassador Shaker’s group
from 1985, was adopted. The group in-
cluded all Conference of½cers, the chairs
of the political groups, and key delega-
tions selected by me. It was conceived 
as an “inner cabinet,” or a laboratory, 
to discuss the all-important extension
issue, which transcended the normal
business of the Main Committees. The
device was not entirely undemocratic or
lacking in transparency because group
leaders (and all delegations belonged to
a group, except for China) were encour-
aged to report back to their groups regu-
larly and seek their endorsement on the
decisions being taken. 

The fact that the results of these con-
sultations were endorsed by the entire
Conference proved that success came
from effective multilateral diplomacy
rather than from seeking to arrive at
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decisions in the plenary through un-
wieldy debate. The composition of the
group was undoubtedly arbitrary, and
that was resented by some of the dele-
gations that were excluded, particularly
by their ambassadors, whose egos were
bruised. In terms of conference diplo-
macy, however, it was the practical and
effective thing to do. It was within this
group that two decisions–“Strength-
ening the Review Process for the Treaty”
and “Principles and Objectives for Nu-
clear Non-proliferation and Disarma-
ment”–were drafted over a two-week
period. With all delegations now assert-
ing their right to participate fully in deci-
sion-making, it is doubtful that the same
device could be adopted in the future. 

As president, I handled the drafting 
of the key legal decision on extension
and the weaving of it and the other 
two decisions into a package, which 
I announced to a large representative
gathering. The dispute over the rules 
of procedure–whether voting should 
be secret or open–was unlikely to have
been resolved given the strongly held
positions. I would have had to break 
the deadlock with a vote, and my deci-
sion whether that was to be by open or
secret vote would itself have been high-
ly contentious. It was also my convic-
tion, which I voiced repeatedly, that vot-
ing on a treaty as important as the npt

would expose the Treaty membership 
as a house divided, eroding the viabil-
ity of the Treaty. As president of the
Conference, my main task was to ful-
½ll the terms of Article X, paragraph 2:
that a decision on extending the Trea-
ty had to be taken by a “majority of the
parties to the treaty.” What better way 
to accomplish this task than by agree-
ing that there was a consensus that 
such a majority existed? The formula-
tion thus presented by me was irrefut-
able and was met with widespread

agreement. In any event, the package
was not unwrapped, but some tinker-
ing of the wording in Decision Iwas
agreed upon, including dropping the
words “a consensus” for simply “de-
ciding that, as a majority exists.” This
satis½ed the purists among the nam

members who resisted being a part of
the consensus. And yet, because they
could not deny that a majority did exist
for an inde½nite extension, they agreed
that the entire package would be adopt-
ed without a vote!

The contentious issue of the Middle
East, which, according to the wishes 
of the Arab Group, had proceeded on a
separate track, had not made any prog-
ress, and I was approached for a solu-
tion at a very late stage of the Confer-
ence. This resulted in special consul-
tations on a Resolution on the Middle
East, with key delegations present, and
an agreement was ½nally reached. Fail-
ure to consult Iran proved almost disas-
trous when the Resolution came up for
adoption but was resolved during a re-
cess in the plenary on the ½nal day. 

While the extension aspect of the 
Conference appeared to have been con-
ducted successfully, the review aspect in
the key political areas handled by Main
Committee Iwas a diplomatic failure.
(Main Committees II and III, thanks to
the ef½ciency of their chairmen, success-
fully concluded their work on technical
aspects on the npt.) My last-minute in-
tervention to rescue the process in Main
Committee I did not succeed. This was
not, in the ½nal analysis, a major setback
since the main outcome–a decision on
extension–had been achieved. 

The two conferences of 2000 and 2005
offer a study in contrast: 2000 saw the
adoption of a landmark Final Declara-
tion, with its well-known “13 Steps” 
(see Figure 1); 2005 ended in disarray.
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One conference saw active diplomacy
working toward a positive conclusion
while the other, under the Bush admin-
istration and with Ambassador John
Bolton as Permanent Representative of
the United States, was polarized from
the beginning, with little or no bridge-
building efforts.

The run-up to the 2000 Review Con-
ference was helped by the conclusion 

of the ctbt and its signature by several
countries, although the U.S. Senate re-
jected its rati½cation. The Indian and
Pakistani nuclear tests of 1998 were un-
doubted setbacks; however, these two
countries were bound neither by the
npt nor the ctbt. The Preparatory
Committee sessions were also marred 
by persistent efforts of the nws to con-
duct “business as usual,” ignoring the
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Figure 1
The 2000 npt Review Conference and the 13 Practical Steps: A Summary   

At the 2000 Nuclear Non-Proliferation Treaty (npt) Review Conference, states-parties agreed 
to take 13 “practical steps” to meet their commitments under Article VI of the npt.

1. The early entry into force of the Comprehensive Test Ban Treaty (ctbt).

2. A nuclear testing moratorium pending entry into force of the ctbt.

3. The immediate commencement of negotiations in the Conference on Disarmament on a non-
discriminatory, multilateral, and effectively veri½able ½ssile material cutoff treaty. The nego-
tiations should aim to be concluded within ½ve years.

4. The establishment in the Conference on Disarmament of a subsidiary body to deal with nu-
clear disarmament.

5. The principle of irreversibility to apply to all nuclear disarmament and reduction measures.

6. An unequivocal undertaking by nuclear-weapons states to eliminate their nuclear arsenals.

7. The early entry into force and implementation of start II, the conclusion of start III, 
and the preservation and strengthening of the Anti-Ballistic Missile Treaty.

8. The completion and implementation of the Trilateral Initiative between the United States, 
the Russian Federation, and the International Atomic Energy Agency (iaea).

9. Steps by all nuclear-weapons states toward disarmament including unilateral nuclear reduc-
tions; transparency on weapons capabilities and Article VI-related agreements; reductions 
in nonstrategic nuclear weapons; measures to reduce the operational status of nuclear weap-
ons; a diminishing role for nuclear weapons in security policies; the engagement of nuclear-
weapons states as soon as appropriate in a process leading to complete disarmament.

10. The placement of excess military ½ssile materials under iaea or other international veri½ca-
tion and the disposition of such material for peaceful purposes.

11. Reaf½rmation of the objective of general and complete disarmament under effective interna-
tional control.

12. Regular state reporting in the npt review process on the implementation of Article VI obli-
gations.

13. The development of veri½cation capabilities necessary to ensure compliance with nuclear 
disarmament agreements.

Source: Taken from the compilation by Claire Applegarth in Arms Control Today (January/
February 2005).
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major changes achieved in 1995 in terms
of strengthening the review process. In
marked contrast, the 2000 Review Con-
ference itself proved a success. Confer-
ence President Ambassador Baali of Al-
geria demonstrated that a background in
disarmament diplomacy was not neces-
sarily a prerequisite so long as you had
multilateral diplomatic skills. Main Com-
mittee I Chairman Ambassador Camillo
Reyes of Colombia and the chairman of
the subsidiary body on Article VI issues,
Ambassador Pearson of New Zealand,
showed great diplomatic skills in guid-
ing their discussions to a consensus. 
The conference almost ran aground on 
a dispute between Iraq and the United
States, but even this was eventually re-
solved. Thus, the needs of good confer-
ence management were well served.

The 13 Steps and the “unequivocal
undertaking” of the nws to achieve 
the elimination of nuclear weapons 
were among the successes of the 2000
Conference, although subsequent events
were to show how ephemeral this could
be. The lead-up to the 2005 npt Review
Conference was inauspicious. The nws

began to retreat from the 13 Steps, the
Bush administration’s Nuclear Posture
Review of 2002 envisaged the actual 
use of nuclear weapons, and the United
States and its allies invaded Iraq in 2003.
The dprk and Iran continued to be re-
garded with concern. The Conference
failed to adopt a Final Declaration and
was described by one commentator as
“the biggest failure in the history of 
this Treaty.”6 Disagreement among the
parties arose along all of the fault lines,
and only four-and-a-half days of the
four-week-long conference were spent
on substantive issues. The rest of the
time was spent on procedural wran-
gling–surely a recipe for the failure 
of any conference. Whether this focus
on procedure was the intent of those

who wanted no substantive discussion
or whether it was accidental is not clear.

Politically, the lines were drawn when
the Bush administration rejected the
2000 Final Declaration and all refer-
ences to it, leaving little room for diplo-
macy. The New Agenda Coalition (nac)
–Brazil, Egypt, Ireland, Mexico, New
Zealand, South Africa, and Sweden–
which had been so active in the 2000
Conference, was a pale shadow in 2005,
perhaps because of changes in leader-
ship or a basic lack of cohesion. A new
group emerged–the “nato 7”–com-
prising The Netherlands, Belgium, It-
aly, Spain, Norway, Lithuania, and Ro-
mania, but even their efforts could not
rescue the Conference. The nam coun-
tries were not united. Egypt seemed de-
termined to end the Conference with-
out sacri½cing any of the gains achieved
in 2000, even if it meant a failed Con-
ference. The political climate clearly
doomed the 2005 Conference to failure.
Except for a few delegations, such as the
nato 7, few were interested in salvaging
the Conference through diplomatic ini-
tiatives. Squabbling over procedure was
no substitute for diplomacy, but there
was little else to do given the huge dis-
agreements.

A number of features of npt diploma-
cy bear mentioning as the 2010 Review
Conference approaches, especially with
the third session of the Preparatory Com-
mittee having been concluded success-
fully on May 15, 2009, in New York (al-
beit without agreement on a set of rec-
ommendations). While delegation posi-
tions follow instructions from nation-
al governments, it is not surprising that
some act at their own discretion within
the limits of flexibility permitted by
their governments. This flexibility al-
lows for individuals to show initiative in
½nding solutions to problems. It is also
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possible that the stances taken by indi-
vidual delegations on the conference
floor can be changed as a result of diplo-
matic demarches by powerful countries
compelling delegations to change their
positions. Given the con½dentiality of
diplomatic communications, we will 
not know what pressures are exerted on
npt parties or what linkages are made 
as a part of the ongoing diplomatic ac-
tivity in conferences.

The functioning of various groups
within npt conferences is an impor-
tant element of npt diplomacy, al-
though the groups can sometimes be 
a help and sometimes a hindrance. The
groups are: the Western Group, which
includes Japan, Australia, nato, and 
the eu; the Eastern Group, which in-
cludes Russia and the former ussr

states but which has no political role 
and functions today only to agree on
common candidates for npt positions;
and nam, which decides collectively 
on political issues but is subdivided into
the Asian, African, and Latin American
& Caribbean groups for purposes of
agreeing on candidates for npt confer-
ence positions. In addition, nam has
within it the Arab group, which meets 
to discuss and decide on Middle East
issues. (nam generally accepts the posi-
tions of the Arab group.) The ½ve nws

meet among themselves during confer-
ences and in between. After some of
these meetings, joint statements are is-
sued representing common positions. 

No group exists uniting all nnws, 
and it is left to temporary coalitions like
the nac to form transcontinental group-
ings to espouse common positions. Such
groupings can be very effective; it has
been an omission that more diplomatic
energy has not gone into forging such
alliances to serve as “bridge builders”
among the Treaty parties and to act as a
“½re brigade” to defuse controversies as

well as seek negotiated solutions to prob-
lems as they arise.7 Group meetings usu-
ally take place prior to the commence-
ment of the day’s conference proceed-
ings, but can also be held at any moment
to coordinate group positions. 

The political strength of nam derives
from its numbers and its solidarity, pro-
viding protection for the smaller and
weaker countries within it. The other
groups do not always welcome nam’s
strength. Countries within the Western
Group do not always ½nd themselves in
agreement.

As noted earlier, the selection and ap-
pointment of of½cers for review confer-
ences should be done in a careful and
timely manner and not left to fortuitous
circumstances. Not every chairman or
president need have detailed knowledge
of the npt and its history, provided he
or she has the necessary diplomatic skills
to strive for a consensus that strengthens
the Treaty.

The Secretariat of npt Conferences 
is staffed by members of the un’s Of½ce
of Disarmament Affairs and the iaea.
While they are international civil ser-
vants who are mandated to help service
the needs of conferences through their
experience and objective vantage point,
they could often provide advice to help
the outcome of the conference. In this
regard, the “institutional de½cit” the
npt faces must be remedied. There is 
no permanent body that acts as an ad-
ministrative entity for the npt. The un

staff who do perform functions related
to the npt do so in addition to their
other duties. Ireland and Canada have
presented working papers on this sub-
ject, and nongovernmental organiza-
tions (ngos) have also raised it. Add-
ing infrastructure to the npt would
greatly aid the exercise of npt diplo-
macy. To oppose that infrastructure be-
cause of the cost seems shortsighted.
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ngos representing civil society are an-
other signi½cant element of npt diplo-
macy. While the quality of ngos may
vary, and while some perform more of 
a think tank or research role, others can
be useful pressure groups. Increasing-
ly, ngos play a diplomatic role. Some
have representatives within delegations.
Others organize brie½ng seminars for
delegations, providing extremely useful
background for young diplomats who
are attending their ½rst npt conference
and who want to understand past pro-
ceedings and details of current issues.
These seminars and the brie½ng books
made available also afford the opportu-
nity of beginning discussions in an in-
formal setting, which could lead to con-
sensus when the conference actually
begins.

By its very structure and content, the
npt encourages the practice of diploma-
cy in its conferences. It is a living treaty
that, despite its seemingly impossible
amendment procedure, has adapted 

and changed through the Final Declara-
tions of its review conferences and the
nptrec’s package of decisions. It is 
the only multilateral treaty that com-
mits nws to nuclear disarmament. De-
spite problems within the npt, its con-
ferences are well attended and attract
widespread media attention. The lon-
gevity of the npt and its near univer-
sality are a tribute to the multilateral
diplomacy that has supported it.

However, diplomacy must be in-
formed by a political will to make the
npt work. Absent that political will, 
the npt cannot be sustainable, especial-
ly with its division of the world into
nws and nnws. In a May 14, 1995, 
New York Times article, Barbara Cros-
sette quoted me as having said: “The
President of [an npt review] confer-
ence is not a magician who can pro-
duce a rabbit out of a hat. The rabbit
must be in the hat and must want to
come out. All we can do is to coax it
occasionally.” npt diplomacy is, in 
the end, a coaxing process.
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The past decade has not been kind to
the nuclear nonproliferation regime.1
Indeed, since the Treaty on the Non-
Proliferation of Nuclear Weapons (npt)
was extended inde½nitely in 1995, it has
been subjected to a series of body blows,
which have led many nonproliferation
experts, policy-makers, and media pun-
dits to prophesize an impending cascade
or chain of nuclear weapons spread, as
well as the possible demise of the npt as
we currently know it. Implicit in many
of these forecasts are assumptions about
proliferation dynamics that are poorly
informed by empirical research on past
nuclear renunciation decisions. This es-
say draws upon this literature to assess
the role the npt has played in promot-
ing prior nuclear restraint. It also exam-
ines how evolving international develop-
ments may alter the future effectiveness
of the npt as a proliferation constraint.

A review of recent commentary about
nuclear proliferation imparts little rea-
son for optimism that the npt will with-
stand a large and growing set of chal-
lenges that emanate both from outside
and within the Treaty. A short list of ex-
ternal challenges includes:

•  The rise of non-state actors as nucle-
ar suppliers, middlemen, and end-
users, and the tendency on the part 
of many states to assume that the 
threat of nuclear terrorism is some-
one else’s problem;

•  The inadequacy of ½ssile material 
protection, control, and accounting 
in many states, and corresponding 
de½ciencies in nonproliferation ex-
port controls;

•  A nuclear arms race in South Asia 
and the general disinclination by 
and/or inability of the internation-
al community to do anything to 
redress the situation;

•  Defection from the npt by North 
Korea;

•  Iranian nuclear brinkmanship;

•  Perceived rewards to states not 
party to the npt and to nuclear 
weapons possessors;

•  Continued reliance on nuclear 
weapons by all nuclear weapons 
possessors;

•  Subordination of global nonprolifera-
tion objectives to other domestic and 
regional economic and political con-
siderations by states party to the npt; 
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•  An uncritical embrace of nuclear pow-
er by most states without adequate at-
tention to the full range of economic, 
safety, terrorism, and opportunity 
costs; and 

•  Complacency and ignorance about 
issues of disarmament and nonprolif-
eration on the part of otherwise well-
educated citizens and their elected 
of½cials.

Internal challenges stemming from 
the nature of the npt itself tend to be
less well known, and include such dan-
gers as:

•  Inadequate adherence to and imple-
mentation of npt provisions by states 
party to the Treaty, compounded by 
the absence of an effective enforce-
ment mechanism;

•  Treaty inattentiveness to non-state 
actors;

•  The conflict between the inalienable 
right to peaceful nuclear use and the 
prudent exercise of that right;

•  Failure by most nuclear-weapons states 
(nws) to address the demand of many 
non-nuclear-weapons states (nnws) 
for negative security assurances;

•  The near impossibility of amending 
the Treaty to correct flaws or to take 
account of new conditions;

•  The weakness of the strengthened re-
view process, including the dif½culty 
of policy innovation due to reliance 
on decision-making by consensus; 

•  Lack of Treaty universality;

•  Disavowal of and/or disregard for key 
elements of the 1995 npt Review and Ex-
tension Conference package of three de-
cisions and one resolution and the Final
Document of the 2000 npt Review Con-
ference by both nws and nnws; and

•  Reevaluation by a number of npt

states-parties of the value of the npt

for their security, raising the prospect 
of additional npt defections.

These challenges to the nonprolifera-
tion regime are real and merit serious
attention and corrective action. To enu-
merate them without also taking note 
of countervailing positive nonprolifera-
tion developments, however, is to con-
vey a sense of doom that is misplaced. 

First, it is important to recognize that
the pace of proliferation has been rela-
tively slow since the United States ½rst
tested a nuclear explosive in 1945. The
number of nuclear weapons possessors
today also is far less than anticipated 
by many prognoses made in the 1950s
through the 1970s.2 The 1957 U.S. Na-
tional Intelligence Estimate, for exam-
ple, identi½ed a list of 10 leading nucle-
ar weapons candidates, including Can-
ada, Japan, and Sweden, the latter of
which was predicted as “likely to pro-
duce its ½rst weapons in about 1961,”
while Japan was estimated to “proba-
bly seek to develop weapons produc-
tion programs with the next decade.”3

It also is the case that proliferation 
is neither inevitable nor irreversible.
Many countries with the technical ca-
pability to acquire nuclear weapons 
and that previously were regarded by
intelligence analysts and scholars as
prime candidates for proliferation 
chose to forgo that option, and four
countries that either indigenously de-
veloped nuclear weapons (South Af-
rica) or inherited them (Belarus, Ka-
zakhstan, and Ukraine) subsequently
eliminated their nuclear arsenals and
joined the npt as non-nuclear-weap-
ons states. Moreover, most countries
that embarked on peaceful nuclear 
energy programs also, at one time or
another, seriously contemplated mil-
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itary programs, and a number actively
engaged in nuclear weapons research
and/or development.4 The overwhelm-
ing majority of these states, however,
chose to abandon these military pur-
suits well before they yielded a nuclear
weapon.

Although the npt can be faulted for
not having universal membership, it
remains the most widely subscribed-to
international accord in existence, with
only four outliers: India, Israel, Pakistan,
and the Democratic People’s Republic 
of Korea. To be sure, two of these states
are very populous; but they also repre-
sent a distinct minority of the interna-
tional community. Signi½cantly, parties
to the npt agreed voluntarily in 1995 to
extend the Treaty inde½nitely–a clear
indication at the time of the value states
attached to the Treaty.

One could place a number of other
developments in the positive column of
a nonproliferation ledger. They include:
the steady growth of nuclear-weapon-
free zones (nwfzs), which now cover
the entire Southern Hemisphere; deep
reductions over the past 10 years in the
size of the nuclear arsenals of the two
largest nws; adoption by many npt

members of strengthened Internation-
al Atomic Energy Agency (iaea) safe-
guards in the form of the Model Addi-
tional Protocol; adoption of United
Nations Security Council Resolution
1540, which mandates all states to put 
in place and enforce effective physical
protection and export control measures
related to weapons of mass destruction
proliferation and terrorism; and new
momentum on nuclear disarmament 
as a consequence of the “Road to Zero”
Initiative by George Shultz, William
Perry, Henry Kissinger, and Sam Nunn.

These positive nonproliferation devel-
opments should not obscure the press-
ing proliferation challenges the world

faces today. They are a useful corrective,
however, to the notion that the nonpro-
liferation regime is on its last legs and
that all that is required to topple it com-
pletely is a further npt defection (read,
Iran), which in fact would be only the
second in the Treaty’s history. They also
direct attention to a signi½cant aspect 
of the proliferation puzzle: what best
accounts for the slow pace of nuclear
weapons spread?

Much of the thinking about nucle-
ar proliferation has been informed by
the assumption that states seek nucle-
ar weapons because their security in 
an anarchic world demands it. In its
unadulterated form, this “realist” per-
spective discounts the impact of inter-
national institutions, norms, regime
type, domestic politics, and personal-
ities on nuclear decision-making; all 
that really matters is the balancing
dynamic in which one state’s pursuit 
of nuclear weapons begets another’s. 
And yet this simple and elegant thesis 
is hard-pressed to account for the small
number of nuclear weapons possessors,
the slow pace of proliferation, and the
abandonment of nuclear weapons activ-
ities by most states that initially chose 
to embark on them. 

The Role of Alliances. In an effort to rec-
oncile the discrepancy between realist
assumptions and actual state behavior, 
it has been suggested that weak states
may choose to rely temporarily on secu-
rity guarantees from nws in lieu of an
indigenous nuclear weapons deterrent.
This thesis is often cited to explain nu-
clear weapons abstinence on the part 
of many nato members, as well as Ja-
pan, South Korea, and Taiwan. Secre-
tary of State Clinton also has hinted 
that the United States might rely on 
this approach to dampen nuclear pro-
liferation in the Middle East should 
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Iran move closer to a nuclear weap-
ons capability.5 Several recent studies,
however, have cast doubt on the effect
security guarantees have on nuclear re-
straint, even with respect to Japan, a
nnws usually cited as the model case.
Etel Solingen, for example, argues per-
suasively that American guarantees do
not adequately explain Japanese nucle-
ar restraint. As she points out, during 
the post–World War II period there has
been little correlation between the per-
ceived reliability of the U.S. guarantee
and the strength of Japanese interest 
in nuclear weapons. In addition, there 
were fears that the alliance might en-
tangle Japan in U.S.-led initiatives that
were not in its interest.6 More general-
ly, Solingen ½nds that “U.S. and Soviet
commitments to client states (North
Korea, Iraq, Israel, and Pakistan) did 
not lead these states to renounce nu-
clear weapons. Nor did the absence 
of security guarantees play any role in
decisions by Egypt (1971), Libya (2003),
South Africa, Argentina, or Brazil to
reverse nuclear ambitions.”7

The evidence presented by Solingen is
not conclusive and is at odds with both
conventional wisdom and several pos-
sible counterexamples. It is intriguing,
however, that the few relevant quantita-
tive publications on (non)proliferation
correlates yield ½ndings generally con-
sistent with Solingen’s thesis despite
using different data sets and analytical
techniques.8

The Power of Institutions. An alterna-
tive explanation of nuclear weapons
restraint emphasizes the power of eco-
nomics and institutions and is more
optimistic about the prospects for ac-
complishing long-term cooperation
among states. According to this view, 
the vast majority of states made a ra-
tional choice when they joined the 
npt, surrendering their sovereign 

right to build nuclear weapons in ex-
change for the promise of material ben-
e½ts, including the eventual disarma-
ment by the nws and the foreswearing
of nuclear weapons by other nnws. 

Although most analysts agree that 
the npt has reinforced nonprolifera-
tion tendencies, they are divided on the
proposition that the Treaty has caused
states that otherwise would have ac-
quired nuclear weapons to abandon
their pursuit. Jacques Hymans, for ex-
ample, suggests that if the regime were
to have played such a signi½cant role,
one might have expected far more pro-
liferation prior to the emergence of the
npt as a widely subscribed-to treaty.9
Similarly, Solingen ½nds that for the
nine states she examines most choices 
to remain non-nuclear were made prior
to, rather than as a consequence of, the
decision to ratify the npt. This was the
case, she argues, for Japan, South Korea,
and Taiwan. In addition, she points out
that the npt did not prevent Iran, Iraq,
Libya, and North Korea from pursuing
nuclear weapons subsequent to their
adherence to the npt.10

The critiques by Hymans and Solin-
gen are useful in calling attention to the
surprisingly scant body of empirical re-
search on the relationship between in-
ternational institutions and nuclear re-
straint. Both also raise legitimate ques-
tions about the relative explanatory
power of npt membership as opposed
to other potential sources of nuclear
restraint. One problem with their cri-
tiques, however, is the small number 
of cases upon which their arguments 
rest and their suitability for testing the
proposition that the npt had a margin-
al restraining effect. Although the evi-
dence they extract from 13 states is sug-
gestive, their argument would be more
compelling if it were based on a broader
set of countries in the post-npt period.
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A review of the small body of quanti-
tative research on the subject offers ad-
ditional reason for caution in assessing
the impact of the npt on national nu-
clear weapons decisions. Dong-Joon Jo
and Erik Gartzke, for example, ½nd that
npt membership has a marginal impact
on nuclear weapons choice. npt parties,
they argue, are only slightly less prone to
pursue nuclear weapons programs; but
the inhibiting effect of the Treaty, they
conclude, is offset by the technological
diffusion it encourages.11 In his analysis,
Philipp Bleek discovers that while sign-
ing the npt has no effect on whether 
or not states will initiate weapons pro-
grams, npt parties that have initiated
programs “are less likely to see them
through to completion and acquire
nuclear weapons.”12

The Influence of Non-Material Incen-
tives. Yet another way to view nuclear
choice is to look beyond security con-
siderations and to recognize that even
“power politics” can be tempered by
human practice. According to this per-
spective, under appropriate conditions
the international social environment
may foster the development of norms,
institutions, and behavior conducive 
to states’ renunciation of nuclear weap-
ons.13 From this vantage point, the npt

represents the embodiment of the inter-
national nonproliferation norm and has
important symbolic value in addition to
its promise of material bene½ts.14

Maria Rost Rublee’s analyses of Jap-
anese and Egyptian nuclear decision-
making are very much in this tradition
and suggest that the creation of the 
npt not only had the effect of altering
elite perceptions about the value of nu-
clear weapons, but also spawned com-
mitments that “grew legs” in the form 
of supportive bureaucracies, budgets,
and organizational power.15 Although
plausible, this interpretation is chal-

lenged by Etel Solingen, who examines 
a number of the same (and other) cases.
According to Solingen’s research, the
operation of pragmatic considerations 
of a political-economic nature typically
takes precedence over normative ones.
Most of the 13 case studies prepared for
the Center for Nonproliferation Studies
(cns) project on Forecasting Nuclear
Proliferation in the 21st Century similar-
ly provide little evidence that normative
factors by themselves account for much
variation in national decisions to acquire
or forgo nuclear weapons. 

Jacques Hymans’s research on the
demand side for the bomb also is rele-
vant to an assessment of the power of
non-material incentives. His approach 
is unusual, as it stresses neither the
dampening effect that broad trends in
international norms have on prolifera-
tion tendencies nor the corresponding
constraints that may follow from soci-
etal pressures. Rather, his focus is on
“deviant” oppositional nationalist lead-
ers whose combination of fear and pride
propels them down the nuclear weap-
ons path. According to Hymans, the ap-
parent success of the npt in containing
proliferation results primarily from the
fact “that few state leaders have desired
the things it prohibits.”16

Approaches that emphasize norma-
tive influences on nuclear decision-mak-
ing often are criticized for their lack of
clarity in explaining how, when, and
why norms influenced nuclear weap-
ons decisions. One of the few studies 
to tackle this issue directly is by Harald
Müller and Andreas Schmidt. Their re-
search points to a decline after 1960 in
the number of states with nuclear weap-
ons activities relative to the total num-
ber of states in the international system,
a trend the authors attribute in part to a
shift in the global norm regarding nucle-
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ar nonproliferation. The authors attach
particular importance to the unanimous
adoption, in 1961, of a resolution intro-
duced by Ireland to the United Nations
General Assembly. The resolution called
upon all members to conclude an inter-
national agreement prohibiting states
not possessing nuclear weapons from
acquiring them and states with nuclear
weapons from assisting other members
in their manufacture or acquisition by
other means.17 According to Müller 
and Schmidt:

For states that gained their indepen-
dence late (after the Irish Resolution),
being non-nuclear was seen as an appro-
priate status, the attribute of a “good cit-
izen” of the world community of states.
For the “old states,” the new norm com-
peted with the old understanding that a
state was entitled to acquire armament
according to the standard of the time. 
This is an indication . . . that the debate 
and codi½cation of a new, though yet 
weak international norm had an impact
upon the way the new states viewed prop-
er behavior and shaped their own under-
standing of security. For the old states, 
the impact was weaker, but the series of
terminations of nuclear weapons activi-
ties started during that period. In 1968, 
a much stronger norm was created: the
Nuclear Nonproliferation Treaty.18

An alternative interpretation of “when
and why” that de-emphasizes the role of
norms is provided by Christopher Way
and Karthika Sasikumar in what is argu-
ably the most carefully crafted aggregate
data analysis of when and why states
join the npt.19 Assuming that states rely
on cost-bene½t analysis when choosing
whether or not to accede to the npt, the
authors employ event-history models
and a variety of economic, security, and
political indicators for the 1968 to 2000
time period to assess the power of alter-

native explanatory variables. They con-
clude, among other things, that those
states that enjoy benign security envi-
ronments or for whom developing nu-
clear weapons would be technological-
ly or economically dif½cult sign on rel-
atively quickly, while those paying high-
er opportunity costs in giving up the
nuclear option are more likely to be 
npt laggards.20

The Force of Domestic Politics. A growing
body of research suggests that one can-
not properly understand nuclear weap-
ons restraint without reference to the
domestic context in which nuclear de-
cisions are made. Indeed, the interplay
of bureaucratic politics, organizational
processes, and individual personalities
may be more consequential in shaping
proliferation outcomes in a number of
states than the threats emanating from
the international security environment.
As Scott Sagan points out, from this van-
tage point “[t]he npt regime is not just 
a device to increase states’ con½dence
about the limits of their potential adver-
saries’ nuclear programs; it is a tool that
can help to empower domestic actors
who are opposed to nuclear weapons
developments.”21

The most persuasive evidence about
the force of sub-national dynamics in ex-
plaining nuclear outcomes is marshaled
by Etel Solingen, who emphasizes the
importance of the domestic ruling coali-
tion’s orientation to the global political
economy. Nuclear weapons programs,
she argues, are less likely to emerge in
countries when the domestic political
landscape is sympathetic to economic
openness, trade liberalization, foreign
investment, and international economic
integration. This thesis largely is borne
out in her comparative analysis of nine
states from East Asia and the Middle
East, which also ½nds that npt consid-
erations were not central to the nuclear
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renunciation decisions of these coun-
tries. 

Findings from my own research on
nuclear decision-making in Belarus,
Kazakhstan, and Ukraine following 
the collapse of the Soviet Union offer
quali½ed support for Solingen’s thesis,
and also suggest that the npt was only 
a secondary factor influencing nuclear
reversal decisions.22 Solingen’s model
½ts best with Ukraine, where the main
threats to the country’s territorial integ-
rity were seen by the key political play-
ers as domestic rather than external.
These acute dangers were in the form 
of economic collapse and Crimea’s at-
tempt to assert its independence from
Ukraine–threats unlikely to be mitigat-
ed by nuclear weapons. Moreover, there
was recognition in Kyiv, reinforced by
U.S. policy, of the connection between
Ukraine’s nuclear policies and its access
to foreign capital and technology. In Ka-
zakhstan, the linkage was less direct and
the perceived threats also were much
less urgent. As a consequence, Kazakh-
stani policy-makers were in no hurry 
to denuclearize and were aware that the
weapons on their territory might have
practical value as bargaining chips re-
lated to a variety of economic, environ-
mental, and security needs. The leader-
ship, however, was very pragmatic and
was receptive to the U.S. argument that
the future of the country’s peaceful nu-
clear energy program was dependent
upon its non-nuclear-weapons status.
Solingen’s thesis works least well in 
the case of Belarus, whose president,
Stanislav Shushkevich, saw little value 
in a Belarusian nuclear force even if it
could be afforded. His attitude appears
to have had little to do with internation-
al economic considerations, but instead
reflected his professional training as a
nuclear physicist and view of nuclear
weapons as immoral and unnecessary. 

As the preceding discussion indi-
cates, the scholarly literature on nucle-
ar weapons decision-making, including 
the small body of relevant quantitative
studies, is divided on the importance
one should attribute to the npt in ex-
plaining past nuclear weapons renun-
ciation decisions. Although a number 
of country analyses touch on the role
played by the npt in individual cases,
surprisingly few studies focus speci½-
cally on the topic. Instead, npt advo-
cates and critics alike typically assert
their preferred views about the merits 
of the Treaty and its (in)dispensable
contribution in retarding the spread 
of nuclear weapons.

The period during which the npt

received the most sustained attention
was the ½ve-year run-up to the 1995 npt

Review and Extension Conference. At
that time it was by no means assured
that the Treaty would be extended in-
de½nitely, and a number of analyses
were undertaken to assess how the de-
mise of the npt might affect the inter-
national nonproliferation scene. Par-
ticularly noteworthy was a collection 
of essays on Beyond 1995: The Future of 
the npt Regime.23 In one of the book’s
most cogent contributions, Lawrence
Scheinman sums up the prevailing view
of scholarly thinking at the time, which
does not differ markedly from the pres-
ent: the npt alone cannot and does not pre-
vent proliferation. As he notes, “Studies of
national decisions on acquiring nuclear
weapons or acceding to the npt . . . show
that in virtually every case the decision
made can be explained by reference to
something other than the npt–either
to domestic considerations, the impact
of acquiring nuclear weapons on bilat-
eral relations, assessment of technolog-
ical limitations, political costs, or secu-
rity consequences.”24 To paraphrase
Scheinman’s conclusions: Does this
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mean that the npt doesn’t matter? 
No. Would its demise negatively im-
pact efforts to contain proliferation?
Yes. Would the nonproliferation norm,
international safeguards, and general
nonproliferation restraint continue in
the absence of the npt? Perhaps. In
short, according to Scheinman, “the
npt is a necessary but not suf½cient
condition for nonproliferation”; it 
may not prevent proliferation, but it
signi½cantly impacts the nuclear deci-
sion-making environments in many
countries.25

Scheinman’s essay also highlights the
various nonproliferation roles played 
by the npt and the logic of assessing 
the value of the Treaty in terms of the
importance one attaches to these differ-
ent functions. For example, it is useful 
to distinguish among the npt’s roles 
as a legal barrier, a normative standard,
and a con½dence-building measure. The
latter function, which may be less obvi-
ous than the others, includes important
international safeguards commitments
that states party to the npt are obliged
to undertake. These commitments are
legally binding and entail veri½cation
procedures designed to reassure other
states about the peaceful uses of a coun-
try’s nuclear activities. Although inter-
national safeguards and the con½dence
they instill are not dependent on the
npt, it is extremely doubtful if a glob-
al system of stringent safeguards ap-
proaching those currently in existence
would have developed in the absence 
of the npt.26

Many nonproliferation analysts 
maintain that the npt, as a multilater-
al treaty, has some constraining effect 
on states party to the Treaty. As Schein-
man argues, “Formalized commitments
containing reciprocal obligations estab-
lish thresholds that are more dif½cult 
to cross.”27 This assessment is logical 

in terms of the psychological, bureau-
cratic, and domestic political obstacles
that treaties impose notwithstanding
their withdrawal clauses. And indeed,
most research on international treaties
suggests that states generally comply
with the accords they conclude. Less
clear-cut, however, is the extent to
which states comply because of any 
legal commitment to do so or because 
of the conditions that prompted them 
to sign the treaty in the ½rst place.28

Based on the aggregate data analysis 
of Way and Sasikumar and a number 
of country-speci½c case studies, espe-
cially those by Rublee, the npt would
appear both to constrain and screen.

One of the most unusual aspects of 
the 1995 npt Review and Extension
Conference was the near unanimity
among more than a hundred national
statements during the ½rst week of gen-
eral debate about the bene½ts of the 
npt for the speci½c states in question.
These statements were by no means 
uniform and made reference to a varie-
ty of arguments ranging from reduced
regional arms racing, increased con½-
dence in the peaceful intentions of po-
tential adversaries, progress in promot-
ing disarmament among the nws, ex-
pansion of nwfzs, harnessing of the
atom for peaceful use, and the prom-
ise of greater peace and stability in the
international system. Although these
statements emphasized different points
and perspectives, what was striking to
this observer was the general consisten-
cy of the message that the npt was, net,
a signi½cant plus and should be extend-
ed (either inde½nitely or for a long dura-
tion), as well as the apparent heartfelt
manner in which many of the state-
ments were delivered.29

Today the rhetoric about the value of
the Treaty as reflected in national state-
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ments in the npt review process re-
mains much the same. Nevertheless, 
one has the impression that many of 
the speakers are simply going through
the motions, reiterating past declara-
tions about the importance of the Trea-
ty, but without much passion or convic-
tion. This lackadaisical approach to the
business of the npt, aptly described by
former un Secretary General Ko½ An-
nan as “sleep walking,” was most ap-
parent at the 2005 npt Review Confer-
ence, which ½nished early without any
substantive result. It was almost as if 
the heads of delegations (mostly Con-
ference on Disarmament ambassadors)
were anxious to catch an early flight
back to Geneva or otherwise beat the
traf½c home. 

One probably should not attach 
much importance to this very unscien-
ti½c and impressionistic observation of
diplomatic sentiment regarding the state
of the nonproliferation regime. Even a
cursory comparison of today’s nonpro-
liferation scene with that of 1995, how-
ever, suggests the need to view nonpro-
liferation in dynamic terms and to ex-
amine, if only briefly, how the regime
may have changed in recent years and
how evolving international develop-
ments may alter the future effective-
ness of the npt as a means of nuclear
restraint. Although one can identify
many changes, three of the most im-
portant pertain to the growth of non-
state actors as proliferation threats, 
the diminished bene½ts of nnws sta-
tus under the npt in the aftermath of
the U.S.-India nuclear deal, and the in-
creased centrality of Article IV (peace-
ful use) provisions in many states’ as-
sessments of the bene½ts and limita-
tions of the npt.

Non-State Actors. At the time the npt

was negotiated, little attention was given
to the proliferation risks posed by non-

state actors, either as suppliers of sensi-
tive nuclear material, technology, and
know-how or as end-users (that is, par-
ties who sought to acquire and use nu-
clear weapons). As a consequence, the
npt did not seek to address the poten-
tial risks of nuclear terrorism posed by
non-state actors, and steps to remedy
this oversight recently have been intro-
duced in a variety of multilateral, bilat-
eral, and unilateral initiatives, only some
of which represent legally binding mech-
anisms.30 Although it remains to be seen
how effective these new initiatives will
be in forestalling efforts by non-state ac-
tors to act as nuclear suppliers, middle-
men, and end-users, it is apparent that
the provisions of the npt per se are not
well suited to address either the supply
or demand side of the nuclear terrorism
equation. As such, one should not expect
the npt to serve as a major source of nu-
clear weapons restraint for non-state ac-
tors, even as such entities emerge as a
growing proliferation risk.31

The U.S-India Nuclear Deal. One of the
major bene½ts of npt membership for
nnws is the promise of access to equip-
ment, materials, and scienti½c informa-
tion for the peaceful use of nuclear en-
ergy. In return, nnws pledge to place 
all of their nuclear facilities under iaea

safeguards and to refrain from pursu-
ing nuclear weapons activities. It is this
core bargain that has been used to good
effect by advocates of nuclear restraint
–typically “outward looking elites,” to 
use Solingen’s terminology–in a num-
ber of countries. Although the long-term
effects of the U.S.-India nuclear deal and
the associated exemption granted to In-
dia by the Nuclear Suppliers Group in
2008 remain to be seen, almost certainly
they will include an erosion of the per-
ceived value of nnws membership in
the npt. Indeed, representatives from 
a number of relatively recent adherents

William C.
Potter
on the 
global
nuclear
future

Book_Wi2010:Daedalus.qxd  12/8/2009  12:32 PM  Page 76



to the npt have expressed the view pri-
vately that had their governments antici-
pated that a non-npt state and nuclear
weapons possessor would be so reward-
ed, they would have hesitated to join the
Treaty.32 The readiness on the part of
npt states-parties to willfully ignore po-
litically binding pledges made at the 1995
npt Review and Extension Conference
to refrain from nuclear trade with states
lacking comprehensive safeguards also
can only undermine the nonprolifera-
tion norm and provide ammunition for
institutional advocates of revisiting the
value of the npt for their country’s eco-
nomic, political, and security interests.33

Article IV. The most contentious arti-
cle of the npt during most of its exis-
tence has been Article VI, which com-
mits parties to the Treaty to pursue dis-
armament negotiations in good faith. 
At most npt Review Conferences, for
example, the greatest division among
states and the most dif½cult issue on
which to forge consensus has involved
progress–or the lack thereof–on nu-
clear disarmament. It is unlikely that 
the gulf separating nws and nnws

over implementation of Article VIwill
disappear soon, although the readiness
of the new U.S. administration to em-
brace the vision of nuclear disarma-
ment can only be helpful in this regard.
There are indications, however, that 
it may prove even more dif½cult in the
future to build consensus on issues re-
lated to peaceful use than on disarma-
ment, as many current nuclear export-
ing states insist upon more stringent
safeguards on nuclear use (for example,
adoption of the Additional Protocol 
to the iaea as a condition of export) 
and limitations on the further spread 
of sensitive nuclear fuel-cycle activities.
These proposed measures, designed to
address misuse of peaceful-use provi-
sions for military purposes, are regard-

ed by a number of key nnws, and espe-
cially Non-Aligned Movement (nam)
members such as Egypt and South Af-
rica, as a restriction on their “inalien-
able right” to peaceful nuclear use as
expressed in Article IV. Although it 
is possible that meaningful progress 
on the disarmament front may yield
more flexibility by nam on peaceful-
use measures related to export controls
and safeguards, this development is by
no means certain, and it is probably as
likely that a number of states will con-
tinue to decry these nonproliferation
efforts as an erosion of their npt rights
and as evidence of further backtracking
on the npt grand bargain. Should this
development occur, it will contribute 
to the weakening of the perceived value
of the npt for many nnws and the pos-
sible decision by some states under cer-
tain circumstances to reconsider their
adherence to the Treaty, even if they
have no nuclear weapons ambitions. 

The tension between satisfying the
demands of nnws for peaceful nuclear
use and the insistence by nws, among
others, on more prudent nonprolifera-
tion and counterterrorism behavior is
apt to grow if the projected “nuclear ren-
aissance” materializes. Under such cir-
cumstances, many more states with un-
derdeveloped nuclear regulatory bodies
and stunted nuclear security and safety
cultures will gain access to nuclear ma-
terial, technology, and technical know-
how, with dual applications for military
and peaceful purposes. This develop-
ment has the potential both to under-
mine the npt and also to make it and 
its associated iaea nonproliferation
safeguards regime more important. 

The aforementioned trends may well
hinder the future effectiveness of the
npt. Nevertheless, does it follow that
the conventional wisdom is correct and
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that we are on the cusp of a “tipping
point” after which we should antici-
pate a new wave or chain of prolifera-
tion decisions? 

One of the dif½culties in making ac-
curate prognoses about the future of
nonproliferation is the underdeveloped
state of research on foreign policy fore-
casting in general and nuclear decision-
making in particular. Also contributing
to the problem is the paucity of relevant
theory with predictive value. In an effort
to remedy this proliferation-knowledge
de½cit and to better gauge the prospects
for nuclear weapons spread during the
next decade, cns undertook a study 
of the proliferation propensity of 13
countries from different regions of 
the world.34 The project also sought 
to assess the impact of various trigger
events, including defections from the
npt, on national nuclear decisions. 

The project’s most signi½cant and
unanticipated ½nding with respect 
to proliferation propensity, and one 
that was evident across all of the case
studies, is the relatively low expecta-
tion of proliferation during the next 
10 years. This prognosis holds regard-
less of the theoretical approach and 
level of analyses favored by the analyst,
and appears to be largely insensitive 
to the geographic location of the coun-
tries, their level of economic develop-
ment, government type, and perceived
external security environment. While
surprising in terms of prevailing con-
ventional wisdom about a pending 
proliferation pandemic, the results, 
in fact, are consistent with the histori-
cally slow pace of proliferation and the
failure of most prior forecasts of prolif-
eration doom to materialize. They also
are compatible with the theories of nu-
clear choice espoused by Hymans and
Solingen that point to the exception-
al circumstances that must pertain in 

order for states to abandon nuclear re-
straint.

In addition, the project found that
there is little evidence of the operation
of “reactive proliferation,” in which one
state’s efforts to acquire nuclear weap-
ons will prompt a reciprocal response 
by others. Case study authors, for exam-
ple, were disinclined to regard weaponi-
zation by any single country itself as suf-
½cient to reverse long-standing nonpro-
liferation restraint on the part of most
other countries, including Egypt, Japan,
Saudi Arabia, Serbia, South Africa, South
Korea, Syria, Turkey, Ukraine, and Ven-
ezuela.35 Signi½cantly, this ½nding ap-
plies even when the “trigger” is Iranian
defection from the npt. 

Moreover, to the extent that one coun-
try’s proliferation decision has a near-
term diffusion effect, it appears to be
very context-dependent and requires a
number of other circumstances to oc-
cur. Among the effects dampening the
potential operation of a proliferation
chain is the fact that nuclear decisions
take place in a domestic political envi-
ronment sensitive to considerations 
of a political-economic nature, as well 
as competing organizational interests
and personalities.

Although one may interpret the gen-
eral ½nding–that an Iranian defection
from the npt would have a limited im-
pact on individual country futures–as
an indication of the strength and vital-
ity of the Treaty, an alternative interpre-
tation is that the Treaty is less central to
the nuclear orientation of some states
than is often assumed to be the case.
This perspective appears to be borne 
out in the case studies of Australia, Iran,
Syria, Venezuela, and Yugoslavia (post-
1974). Nevertheless, a number of the
project’s other case studies, including
those of Japan, South Africa, South
Korea, Turkey, and Ukraine, highlight
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the signi½cant–if indirect–positive
effect the npt has on nuclear weapons
restraint by reinforcing the position of
institutional advocates for nuclear absti-
nence in domestic political debates. The
Treaty also continues to have a symbol-
ic normative value in many of the coun-
tries surveyed, and elites in states such
as Australia, Japan, South Africa, South
Korea, and Ukraine regard adherence 
to the npt as an integral part of their
credentials as members of the interna-
tional community in good standing. 

The ½ndings from the forecasting 
project indicate that it is premature 
to anticipate a world of many nucle-
ar weapons possessors, at least in the
near term. It is also not constructive 
to dismiss the utility of the npt even 
if it is dif½cult to demonstrate conclu-
sively the existence of a cause and ef-
fect relationship between the Treaty 
and nuclear weapons restraint. In this
regard, it was refreshing to hear Presi-
dent Obama declare in Prague in April
2009 that the spread of nuclear weap-
ons is not inevitable and that states can
and must undertake concrete steps to

strengthen the npt, whose basic bargain
remains sound.36 This view is an impor-
tant counterpoint to the fatalism inher-
ent in a number of nuclear proliferation
chain scenarios popular today, but also
cautions against complacency. 

A recent book by two former govern-
ment of½cials with access to many nu-
clear secrets likens the current nonpro-
liferation scene to a speeding express
train driven by indifferent engineers and
½lled with ½ssile material, nuclear tech-
nology, and sleeping passengers.37 The
imagery is powerful and the metaphor
may yet prove apt. On the other hand,
the proliferation train has been slow 
to pick up steam, has made fewer stops
than anticipated, and usually has ar-
rived much later than expected. More
likely than not, the npt has helped to
slow the engine of proliferation. Addi-
tional action will be needed, however, 
to wake up some of the passengers, in-
spire and inform the engineers of U.S.
nonproliferation policy, and delay fur-
ther the departure of the nuclear
express.
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This essay outlines a path toward a
robust nuclear management system, a
prerequisite if nuclear power is to play 
a signi½cant role in creating a globally
sustainable energy future. What do I
mean by a robust nuclear management
system? Looking back at the history of
nuclear power development over the 
last 50 years, the nuclear industry was
not able to obtain a wide range of pub-
lic support, as originally expected; cur-
rent achievements are not necessarily
faring much better. The Three Mile Is-
land accident in 1979 and the Cherno-
byl accident in 1986 had a severe im-
pact on the level of public support for
nuclear energy; both accidents were
serious enough for people to feel ex-
tremely uneasy about the use of nucle-
ar energy. The second issue that has 
contributed to global apprehension
about nuclear power development is 
the fact that nuclear proliferation con-
cerns have not diminished, but rather,
have expanded as states continue to 
pursue nuclear weapons programs and
as risks of non-state actors obtaining
nuclear materials continue to increase.
Managing the spent fuel from nuclear
power production is closely related to

safety and security issues because it con-
tains plutonium as well as highly radio-
active materials. Global concern over
spent fuel management has been increas-
ing as the amount of spent fuel has risen
worldwide. 

A robust nuclear management system
must address at least these concerns–
safety, security, and nonproliferation–
in order to minimize anxieties among
the public, nationally and international-
ly, regarding the widespread use of nu-
clear energy. A robust system is neces-
sary for the global community to enjoy
the dividends expected from using nu-
clear power for civilian purposes. The
crucial question is how to create such a
robust system. It is an enormous chal-
lenge; nonetheless, in light of current
constraints on energy worldwide, my
view is that it is necessary. Nuclear pow-
er has the potential to be a major energy
source, meeting the base-load electrici-
ty demands anticipated in rapidly grow-
ing economies. Energy is, in many ways,
an essential underpinning for future eco-
nomic and social progress. At the same
time, demands for energy need to be bal-
anced with concerns about the environ-
mental impacts of producing and using
energy, particularly the emissions of pol-
lutants into the atmosphere. Nuclear
power provides an alternative source to
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meet energy demands in a substantially
carbon-free manner. 

This essay explores the ways in which
comprehensive safety management 
with improved social communication
and accountability for nuclear power
development, complemented by trans-
parency and international cooperation,
can contribute to a robust system that
addresses safety concerns, public anxi-
eties, and nonproliferation issues. By
suf½ciently tackling these issues, the
global community will be able to reap
the bene½ts of nuclear power–namely,
its contributions to mitigating carbon
dioxide emissions and to ful½lling glob-
al energy demands. 

To consider whether nuclear energy
can play an important role in meeting
the global demand for carbon-free ener-
gy, one must look at the long-term per-
spectives and imagine possible global
nuclear energy scenarios for the year
2050. The 2003 mit study, The Future of
Nuclear Power: An Interdisciplinary Study,1
attempts to imagine some of these sce-
narios. The study projects that 1,000
GWe of nuclear power capacity will 
be required in 2050, with regional esti-
mates of 300, 210, 115, 50, 200, 75, and 
50 GWe for, respectively, the United
States; Europe and Canada; developed
East Asia (Japan, Korea, and Taiwan);
the former ussr; China, India, and
Pakistan; Indonesia, Brazil, and Mex-
ico; and others. Similarly, in 2008 the
Organisation for Economic Co-opera-
tion and Development (oecd), via its
Nuclear Energy Agency (nea),2 put
forth a low and a high projection for
2050: 580 GWe and 1,400 GWe, respec-
tively. This study emphasizes that cur-
rent nuclear capacity would increase 
by more than 1,000 GWe for the high
scenario and by more than 200 GWe 
for the low scenario. The oecd’s In-

ternational Energy Agency (iea) projec-
tions from 2006 give the more moder-
ate ½gure of about 900 GWe for the high
scenario,3 while the 2007 Intergovern-
mental Panel on Climate Change (ipcc)
estimates the high scenario to be slightly
lower than 1,400 GWe.4

The 2003 mit projection of 1,000 GWe
of nuclear power capacity for 2050 seems
appropriate. However, given that more
than 50 percent of the world’s popula-
tion lives in the Asian region, a slight
modi½cation is necessary. Looking at
projections made by China and India
alongside the actual national energy
strategies pursued by these countries,
the long-term energy demand in both
China and India apparently requires
much more nuclear energy than noted 
in the mit projection. One of China’s
projections5 predicts total electrici-
ty demand in 2050 to be about 1,600 
GWe, approximately three times as
much as in 2000, or roughly two-and-
a-half times as much as the current 
level. Taking population growth into
account, this projection appears quite
reasonable. The con½guration of the
energy sources, however, is problem-
atic. The projection requires 950 GWe 
of coal-½red generation in 2050, which 
is about two-and-a-half times the cur-
rent level. The amount of nuclear ener-
gy for 2050 is projected to be 250 GWe,
which is about 10 times the current lev-
el. If this becomes the case, carbon di-
oxide emissions will likely be more se-
vere due to heavy reliance on coal pow-
er. Nuclear capacity of 250 GWe would
be a minimum if the nuclear option is 
to play a signi½cant role in Chinese con-
tributions to solving global warming is-
sues and reducing carbon dioxide emis-
sions. 

India’s situation is similar. A 2004 In-
dian government study6 states that the
total electric energy demand in 2050 will

Dædalus  Winter 2010 83

Toward 
a robust
nuclear
manage-
ment 
system

Book_Wi2010:Daedalus.qxd  12/8/2009  12:33 PM  Page 83



84 Dædalus  Winter 2010

be about 1,300 GWe, with roughly 600
GWe from coal and 250 GWe from nu-
clear. Considering the economic growth
rate anticipated in India, this projection
appears realistic, suggesting that a nucle-
ar capacity of 250 GWe will be necessary
to compensate (albeit slightly) for the
increase in the quantity of carbon diox-
ide released from coal-½red electricity
production in India. Thus the nuclear
power needed in China and India in 
2050 should be projected to be at least
500 GWe, rather than 400 GWe as esti-
mated in the 2003 mit study. 

The mit team recently updated the
study,7 saying, “With regard to nucle-
ar power, while there has been some
progress since 2003, increased deploy-
ment of nuclear power has been slow
both in the United States and globally, 
in relation to the illustrative scenario
examined in the 2003 report.” Com-
pared to 2003, they noted, “the motiva-
tion to make more use of nuclear pow-
er is greater, and more rapid progress 
is needed in enabling the option of nu-
clear power expansion to play a role in
meeting the global warming challenge.”
The team concluded, “The sober warn-
ing is that if more is not done, nuclear
power will diminish as a practical and
timely option for deployment at a scale
that would constitute a material contri-
bution to climate change risk mitiga-
tion.”

I agree with this observation, and the
2003 mit projections for developed na-
tions such as the United States, Europe
and Canada, and developed East Asia
would be modi½ed to be less. For exam-
ple, in this case, nuclear power in the
United States would not be 300 GWe,
but 200 GWe. Thus, the global nucle-
ar power scene in 2050 will be entirely
different from the current scene. The
amount of nuclear electricity in devel-
oping nations would be nearly the same

as the amount in developed nations (say,
500 GWe for each), and in terms of ca-
pacity in individual nations, China and
India would be the leading countries,
possibly surpassing the United States 
or Europe and Canada unless more is
done in those regions. 

A world where China and India are 
the champions of nuclear power pro-
duction would be a totally different 
playing ½eld as far as the world nuclear
regime and the world nuclear industry
go. Thus, and returning to the original
premise of this paper–how to develop 
a robust nuclear management system–
the architecture of that system should 
be designed with the assumption that 
a number of new entrants will operate
their own nuclear power plants and that
China and India will have the greatest
nuclear power production. In other
words, a robust nuclear management
system must recognize that the total
amounts of nuclear electricity in de-
veloping nations will be greater than 
or at least comparable to the amounts 
in developed nations.

The evolution and improvement of
safety management will be crucial to 
our nuclear future. How is safety best
managed in a world where nuclear pow-
er expands remarkably in developing
countries, and also spreads to a num-
ber of new entrants that construct and
operate their own nuclear reactors?
Nuclear energy can play an important
role worldwide only when nuclear pow-
er development and reactor operation 
is safe, with no concerns about serious
accidents. The challenge for us is to cre-
ate a safer global nuclear option. 

A robust nuclear management sys-
tem, in which all countries are granted
the right to use nuclear energy for civil-
ian purposes, needs to emphasize the
development of comprehensive safety
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management. To this end, safety stan-
dards, as a minimum requirement, 
must be implemented on an interna-
tional basis. In particular, any nuclear
country will have to follow safety obli-
gations to ensure that no accidents with
serious consequences take place. Every
nuclear power nation is, to a large ex-
tent, hostage to the safety performance
in other nuclear power nations by vir-
tue of the adverse consequences that
would arise from a serious nuclear ac-
cident. Therefore, only countries capa-
ble of meeting comprehensive, inter-
national safety management norms
should be in a position to utilize nu-
clear power. 

How should the world pursue com-
prehensive safety management? More
particularly, how can nations current-
ly utilizing nuclear energy maintain 
and advance safety management, and
how should nations developing nucle-
ar power programs build on and utilize
the safety management practices cur-
rently in place in nations with devel-
oped nuclear power infrastructures?
First, the defense-in-depth concept is
employed within the nuclear safety area
to lessen the frequency of trigger events;
to prevent them from leading to more
severe events; and to mitigate the con-
sequences, if they occur. Except for the
Chernobyl accident, this defense-in-
depth concept has contributed signi½-
cantly to the avoidance of serious con-
sequences within the nuclear industry.
The usefulness of this concept should
not be understated, but it could bene½t
from further strengthening. The con-
cept, together with multiple physical
barriers, should be advanced with some
additional requirements for accident-
management tools, which have been
increasingly demanded in the after-
math of the Three Mile Island and 
the Chernobyl accidents. 

Looking at the experiences over the
past few years, however, it is clear that
defense-in-depth, even with accident
management tools, has not been suf½-
cient because defenses can deteriorate 
as time passes. This realization is one 
of the most instructive lessons learned
from the history of nuclear safety: that
technical/engineering systems are in-
clined to age, and thus face diminished
effectiveness in safety performance. Fur-
thermore, human factors have also con-
tributed to lapses in safety. 

To compensate for such de½ciencies,
quality management systems have been
increasingly developed to ensure con-
sistent safety performance and quality 
of human operations. As a result of in-
creased focus on quality management
and a defense-in-depth concept com-
plemented by proper accident manage-
ment tools, nuclear safety is now well
managed. With an appropriate combi-
nation of the above-mentioned mea-
sures, nuclear safety as a whole has 
been maintained successfully to date,
and many countries with nuclear pow-
er programs have shown excellent safe-
ty performance over the last couple of
decades. 

This record of excellence is due not
only to the application of technical/
engineering systems, but also largely 
to interaction with society. Regulato-
ry systems have been improved over
time, and these improvements have 
been based signi½cantly on society’s
demands for elevated nuclear safety.
This societal aspect of nuclear safety 
is sometimes perceived as a “stake-
holder’s involvement” issue. A more
robust nuclear system would include a
more structured relationship between
nuclear safety and society, to maintain
the safety scheme in a way that encour-
ages timely detection of deterioration 
in technical/engineering measures. 
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The effectiveness of any such detection
system will depend greatly on how much
accountability the people request from
operators and regulators. 

The social system required for safety
management is critical. There is a va-
riety of stakeholders, and no one stake-
holder should dominate. However, re-
lated stakeholders should work togeth-
er to reach consensus through an inter-
active communication process. A safe-
ty management system must incorpo-
rate substantive and procedural aspects, 
and thereby would be perceived as a
more democratic process. In the social
sciences, this process is interpreted as 
a “communicative action” in the public
sphere, advocated by German philoso-
pher Jürgen Habermas,8 a well-known
scientist insisting on the emergent need
to facilitate communication between
specialists, professionals or technocrats,
and the general public. 

I believe that a part of sustainable
nuclear development is ensuring that
every nuclear country creates its own
communication system that enables 
all related stakeholders or sectors to 
participate. Communicative actions 
are essential to maintain and enhance
safety for two reasons. One is transpar-
ency, which is not merely openness or
information disclosure, but more im-
portantly, accountability to the public,
complemented with feedback on safe-
ty measures. The second reason is flex-
ibility, as social requirements for safe-
ty change with time, depending on an
operator’s past safety performance or
how often troubles and incidents have
occurred. 

This type of communication system is
employed not merely in the nuclear safe-
ty area but in many other ½elds as well.
A well-known American social scientist,
Nobel laureate Herbert Simon, argued in

his seminal book The Sciences of the Arti-
½cial9 that we need to pay greater atten-
tion to so-called procedural rationali-
ty, rather than substantive rationality.
Simon writes:

Economics illustrates well how outer 
and inner environment(s) interact and, 
in particular, how an intelligent system’s
adjustment to its outer environment (its
substantive rationality) is limited by its
ability, through knowledge and compu-
tation, to discover appropriate adaptive
behavior (its procedural rationality).10

Simon’s ideas apply to nuclear safety
management. The inner system–that is,
the defense-in-depth concept, with qual-
ity management–is owned by an indi-
vidual operator or regulator and needs to
adjust to its outer environment; the abil-
ity to do so, however, is unfortunately
limited. Only through improved knowl-
edge obtained from communication be-
tween nuclear energy’s inner and outer
environments can appropriate adaptive
behavior be promoted. 

Undoubtedly, there is no absolute safe-
ty. The defense-in-depth concept, with
quality management, is designed to help
make up for any safety de½ciencies in in-
dividual parts of the system. Looking at
nuclear history, it has worked well. With
regard to the goal of sustainable nuclear
development, however, more than tra-
ditional measures need to be employed.
According to Simon’s suggestion, to rest
only on the rationality invented in the
inner environment is inherently limit-
ed. What would be better is to commu-
nicate with the outer environment and
thereby discover appropriate, adaptive
behavior. In other words, nuclear opera-
tors and regulators should actively com-
municate with the broader society, par-
ticularly with the local communities 
and others affected by and interested 
in the development of nuclear power. 
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The most important factor in such
communication is transparency because,
on the one hand, it is tremendously help-
ful for con½dence-building in society
and, on the other hand, it gives good
incentives for operators and regulators
to improve safety performance. As an
analogy with the Simon’s theory, this
type of interaction between the inner
and outer environments brings about
procedural rationality, which might sig-
ni½cantly strengthen or complement
substantive rationality (that is, resting
on the defense-in-depth concept, with
quality management). 

Safety management based on proce-
dural rationality together with substan-
tive rationality has been developed in ad-
vanced nuclear power countries, and as a
result, safety performance in those coun-
tries has been enhanced remarkably. The
same type of management must be em-
ployed in countries new to nuclear pow-
er, if the nuclear option is to be robust 
in terms of safety. 

Managing spent nuclear fuel is an ad-
ditional critical issue for nuclear pow-
er development because of both public
concerns about safety and concerns re-
garding nonproliferation and terrorism.
The latter pertains to the risk that mate-
rials within spent fuel could be used for
either nuclear weapons or radiological
dispersal devices. The nuclear industry,
governments, and the public in coun-
tries with nuclear power programs, as
well as the international community at
large, continue to struggle with how best
to manage spent nuclear fuel. At the heart
of the issue is the fact that spent fuel con-
tains plutonium as well as other highly
radioactive ½ssion products. 

The plutonium in spent fuel raises the
long-standing question of whether or
not to reprocess and recycle plutonium,
together with uranium, for new fuel 

to be burned in nuclear power reactors.
The question is connected to a variety 
of factors: economics, energy self-suf½-
ciency, environmental burdens of waste
management, resource conservation,
and nonproliferation, as well as safety.
Each country’s policy decisions should
take into account not only domestic sit-
uations but also relevant international
situations. 

France, Japan, Russia, China, and 
India are the countries presently con-
ducting or pursuing recycling programs
alongside reprocessing. The United
States, Canada, Finland, Sweden, and
South Korea do not use reprocessing 
and recycling programs; rather, they 
are seeking to implement programs 
for direct disposal of spent fuel at a 
geological repository. 

Whether or not reprocessing is in-
volved, a geological ½nal repository 
is necessary to dispose of highly radio-
active wastes. The programs for such
½nal repositories are always very con-
troversial because of the tremendous-
ly high potential hazards related to the
extremely high radioactivity. The pro-
grams are also increasingly complicat-
ed politically, mainly owing to domes-
tic factors. Currently, there are two ex-
treme cases, both in non-reprocessing
countries. One is the Yucca Mountain
project in the United States, which the
Obama administration stated is no long-
er an option for waste disposal, after the
United States had spent billions of dol-
lars on the project. The other extreme
case is the Swedish program.11 In Swe-
den, a site was eventually selected to be
one of two candidate repository sites 
following a decades-long, patient dis-
cussion process. The site selection is 
a milestone for the program, and the
Swedish case suggests the great success
of the country’s prudent approach. The
lesson to be learned from Sweden’s suc-
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cess is how useful social communica-
tion and acceptance by the local com-
munity can be. 

Long-term safety assurances for high-
level waste disposal is a central issue;
intensive and extensive attention must
be paid to safety based on procedural
rationality that relies on social commu-
nications, as well as to safety based on
substantive rationality (that is, the mul-
tiple-barrier con½nement concept used
in geological disposal design). Social
communications are based on a step-
by-step decision-making process and
require non-confrontational dialogue
with the public. This is exactly what
Sweden has done, bringing about fruit-
ful success in terms of selecting a site. 

To obtain public understanding, 
one must demonstrate the safety con-
cept based on the substantive rational-
ity (geological disposal with multiple-
barrier con½nement). In Sweden, an
underground research laboratory was
constructed at a site where the geolo-
gy is very similar to that of the real re-
pository site. The research laboratory
helped show the public the basic idea 
of geological disposal, and that was
extremely helpful in gaining public 
understanding. One of the advantages 
in Sweden is that geology there is rela-
tively uniform nationwide, making the
technical identi½cation of a geological
environment for the actual repository
relatively simple. 

In Japan, the geology is extremely 
heterogeneous, and there is a variety 
of geological environments that could 
be candidates for a repository. There-
fore, assuming that the Japanese reposi-
tory site selection process will be partic-
ularly time-consuming because of both
technical assessment and public involve-
ment, Japan is pursuing a multiple-track
approach, whereby the reprocessing and
recycling program is under way, with

interim storage as a means to manage
the spent fuel. At the same time, geo-
logical disposal research has been im-
plemented using underground research
laboratories with different geological
characteristics. This multiple-track ap-
proach is effective in providing flexibili-
ty for decision-making around reposito-
ry site selection, but this approach also
presents a disadvantage because, due 
to a short- and intermediate-term ex-
pedience associated with the approach,
there is no sense of urgency for the gov-
ernment to make a decision. This lack 
of urgency lessens the political leader-
ship, which is necessary for advancing
the site selection process.

Japan’s new Democratic Party admin-
istration, led by Prime Minister Hatoya-
ma, issued an of½cial statement that the
nuclear policy in Japan will not change,
although the new government was elect-
ed in a landslide, the result of the main
campaign message, “Let us make a big
change.” As far as the global nuclear en-
ergy situation is concerned, however,
signi½cantly new political leadership 
is necessary. For instance, the new gov-
ernment declared that Japan aims to re-
duce CO2 emissions until 2020 by 25
percent against the 1990 level, if other
major countries also provide such a pro-
gressive commitment to resolve the glob-
al warming issue. If this is to be the case,
Japan has to rely more on nuclear ener-
gy, which in turn requires greater pub-
lic support for expanded use of nuclear
energy. To obtain such public support,
more visible progress is needed in the
back-end of Japan’s nuclear fuel cycle
program–reprocessing and geological
disposal–as well as better performance
of reactor operations, which will not be
possible without more ef½cient and ef-
fective regulations. 

Selecting a site for a ½nal repository
will take time, and the only way to lead 
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a successful decision-making process is
to base it on social communication that
isn’t confrontational, but rather is an
open dialogue with the public. There 
are two points to be stressed. First, for
nations pursuing the reprocessing and
recycling option, transparency is espe-
cially required to ful½ll an international
commitment to nonproliferation. Non-
proliferation concerns are growing, and
correspondingly, the need for interna-
tional communication and cooperation
is indispensable for improving the ro-
bustness of each nation’s program. 

Second, there is a great need to have
international collaboration in the area 
of ½nal repository. By and large, the con-
struction cost of ½nal repository depends
heavily on its scale, that is, the amount
of highly radioactive wastes that can
actually be disposed at the facility. For
the new entrants to nuclear power, for
instance, it does not seem to make any
economic sense for each one to have its
own facility. If that were the case, the
cost incurred might be too high for nu-
clear power to be an economically at-
tractive option in that country. Thus,
international cooperation is necessary 
to spread nuclear power use. 

Given the dif½culty in selecting repos-
itory sites, as indicated from past exper-
iences in developed nations, a special
arrangement may be necessary when
considering international cooperation 
in this area. I think that the most prac-
tical way to implement international
cooperation is to establish interim stor-
age facilities of spent fuel, and not to
make a rapid attempt to build an inter-
national repository. Again, the ½nal de-
cision-making process must be based 
on open dialogue internationally. 

How should the global community
pursue an appropriate course of nucle-
ar power development, beyond consid-

erations of safety, security, and stake-
holder involvement/communication?
Within industry, there are new trends
and activities meant to take advantage 
of the growth in nuclear power around
the world. In terms of reactor construc-
tion business, a merger and acquisition
(M&A) trend has developed in global
nuclear industrial sectors. Partnerships
with the Multinational Design Evalua-
tion Program (mdep), originally pro-
posed by the United States and France
and now under multinational discus-
sion at the oecd/nea, for instance,
would make remarkable sense for cre-
ating an economically healthier mar-
ket for countries new to developing
nuclear power. 

In terms of business related to the
nuclear fuel cycle, more robust global
partnerships seem necessary for nucle-
ar energy to expand steadily. As far as 
the front-end of the nuclear fuel cycle 
is concerned, a number of efforts have
been undertaken to assure uranium re-
sources and their enrichment. For ex-
ample, the International Atomic Energy
Agency (iaea)12 has proposed the idea
of a nuclear fuel bank. Proposals for the
back-end of the fuel cycle, however, are
limited, regardless of the spent fuel man-
agement program used. The key is trans-
parency of the program, which is a pre-
requisite for safe and secure use of nu-
clear energy.

It will be critical to have multiple di-
mensions in new global partnerships:
developed and developing nations, 
large and small nations, recycling and
non-recycling countries, and nuclear-
weapons states (nws) and non-nucle-
ar-weapons states (nnws), all work-
ing together toward common goals. 

As for countries with developed nu-
clear power systems versus countries
developing nuclear power, nuclear reg-
ulatory infrastructures in developing
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countries will have to be provided with
appropriate aid from developed coun-
tries. In particular, comprehensive safe-
ty management needs to be established
in countries developing nuclear power;
the way to introduce it will depend on
the social system in each country. The
system should enable communication
between society and the nuclear indus-
try, and at a transitional phase, devel-
oped nations should help stimulate 
such communication through an in-
ternational institution, like the iaea

or the oecd/nea. 
Cooperation between large and small

countries is also important. The econ-
omy of each country’s national fuel cy-
cle program, for instance, depends on
the total capacity of its nuclear power
program. Countries with small nuclear
programs may at times need special help.
In particular, the technology for geolog-
ical disposal of highly radioactive waste
is extremely capital-intensive, and it does
not make economic sense for every na-
tion with a small nuclear program to have
its own disposal program (though some
propose that every nation should hold
the responsibility to deal with its own
nuclear waste). 

A similar situation exists in the area 
of cooperation between countries recy-
cling spent fuel versus non-recycling
countries. Considering that reprocess-
ing and recycling technologies are ex-
tremely capital-intensive, it makes lit-
tle economic sense for every country 
to have its own complete recycling pro-
gram, even though worldwide there is a
social trend to recycle natural resources
to the greatest extent possible. A partic-
ular arrangement may be required be-
tween recycling and non-recycling coun-
tries when some of the new entrants are
interested in recycling. 

Another dimension is the relationship
between nws and nnws. Under the cur-

rent world regime, a global architec-
ture for peaceful use of nuclear energy
could not be built without partnership
between nws and nnws. A robust nu-
clear future is heavily dependent upon
global public support for the peaceful
use of nuclear energy. Unfortunately,
concerns with nuclear power originate
from the grave threats that arise from 
its military applications. In this respect,
it is crucial for nws to get rid of the nu-
clear legacy they still hold. Particularly,
the highly radioactive wastes generat-
ed from defense programs should be 
disposed at the earliest possible time. 
To be speci½c, Russia, the United King-
dom, and the United States should take
the initiative in demonstrating the tech-
nical feasibility of geological disposal, 
by making the disposal of their defense
waste a high priority. If these countries
took this step, the global opinion would
be much more favorable regarding the
peaceful use of nuclear power in nnws

as well as nws. 
One of the disadvantages of canceling

the Yucca Mountain project is that the
United States could lose the opportuni-
ty to take the initiative in demonstrating
the safe implementation of a geological
disposal program using its defense waste.
Now it will have to postpone disposal 
of highly radioactive defense waste that
was scheduled to be disposed of jointly
with civil waste at the Yucca Mountain
site. This delay could send a negative
message to the world nuclear commu-
nity with regard to the United States 
taking responsibility for its nuclear leg-
acy and disposing of its defense waste.
The Waste Isolation Pilot Plant (wipp)
in the United States, in New Mexico,
speci½cally disposes of long-lived radio-
active waste (as opposed to high-level)
arising from the defense program, and 
is an example of a successful geological
disposal program. It might make sense
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to explore the possibility of using the
wipp facility to demonstrate the safe
implementation of disposal of defense
high-level radioactive waste, since the
geological environment at the wipp site
appears scienti½cally suitable for high-
level radioactive waste as well as long-
lived waste. Though the current agree-
ment between New Mexico and the 
U.S. Department of Energy (doe) pre-
cludes the doe, the owner of the waste,
from utilizing the facility for that pur-
pose, it would be worthwhile for the
United States to rethink the agreement
and show that it is taking responsibility
for its defense waste. 

The magnitude of nuclear power pro-
grams in developing nations should be
greater than the ones in developed na-
tions, so that the nuclear option might
make a material contribution to global
energy and environmental issues–in
particular, global warming. In order 
that this might come to pass, however,
safety and nonproliferation issues will
need to be managed properly, and new
global partnerships will inevitably and
increasingly be required. 

In the reactor safety area, both the
defense-in-depth concept (with quality
management) and improved safety com-
munication with the public will need 
to be employed in every nuclear power
country. While a safety system based 
on procedural rationality should be de-
signed to meet the speci½c needs of each
country, the knowledge developed thus
far in developed nations should be trans-
ferred to developing countries, especial-
ly through international programs. Inter-
national efforts to ensure safe nuclear
operations, such as the World Associa-
tion of Nuclear Operators (wano), have
been successful in improving the safety
and reliability of nuclear power plant
operations. wano has played a remark-

able role in providing useful information
on reactor operations for member com-
panies, and encourages new entrants in
nuclear power development to become 
a member in order to participate in such
exchanges. Japan, for its part, has been
an active member in wano and other
international efforts. With its years of
operations and construction experiences,
Japan can provide technical and safety
knowledge from both an operator’s and
a vendor’s point of view. 

Technologies connected with the
back-end of the nuclear fuel cycle are
tremendously capital-intensive, and it
makes little economic sense for every
small country to have its own program.
Thus, international cooperation, entail-
ing global partnerships, is particularly
necessary. Otherwise, the steady and
robust global use of nuclear power will
not be possible. 

Lastly, a few words on why great em-
phasis should be put on the need for
social communication, particularly in
terms of transparency. What has been
proven from the past 50 years of peace-
ful use of nuclear energy is that trans-
parency is prerequisite for building con-
½dence nationally and internationally.
This is true for two reasons. First, as de-
scribed above, transparency plays a sig-
ni½cant role in maintaining and improv-
ing safety performance. Second, trans-
parency is the most effective measure 
for nuclear nonproliferation as well, if 
it is used to ensure security. In a much
broader sense, transparency is tremen-
dously effective for maintaining a safe-
ty and security culture, and thereby con-
tributes to acceptance of nuclear energy
from the public at large. Japan, the only
nnws to employ reprocessing technol-
ogy, has committed to safeguards and
veri½cation at all its facilities, to provide
con½dence to the iaea and international
community that no diversions of nuclear
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material occur. In 1999, Japan signed the
Additional Protocol, providing the iaea

with a broader set of tools to search for
undeclared materials and activities. Ja-
pan’s collaboration with the iaea and
the international community not only
has led to improvements in safeguards
technology, but also illustrates how
transparency of nuclear activities can
enhance or improve safety and securi-
ty, as well as public con½dence. 

Transparency is a cultural product of
democracy, and conceivably, each coun-
try employing nuclear power in a safe

and secure manner, through a mecha-
nism that insists on transparency, would
achieve the greatest outcome. 

In a robust nuclear management sys-
tem, where any country could afford 
to utilize nuclear power, each nation
with a nuclear power program should
create its own safety communication
system with the highest possible level 
of transparency, so that it may enable 
all related sectors of society to partici-
pate. The current nuclear energy com-
munity should pursue this goal with
highest priority.
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The International Atomic Energy
Agency’s (iaea) Nuclear Technology Re-
view 2009 reported that there were 10 nu-
clear power plant construction starts in
2008 in China, Russia, and South Korea.1
It seems that current expansion, as well
as near-term and long-term growth pros-
pects, remains strong in Asia. In Europe,
there is mounting interest in the United
Kingdom, Italy, Bulgaria, Finland, Swit-
zerland, and Slovakia. In the United
States, the Nuclear Regulatory Commis-
sion (nrc) approved 10 nuclear power
uprates totaling 2,178 megawatts thermal
(MWth). In Canada, two power reactor
units are planned for Darlington. In 2007
and 2008, the iaea introduced a new ser-
vice providing integrated advice to coun-
tries considering the introduction of nu-
clear power. During that same period,
the iaea undertook 10 missions, to Bela-
rus, Egypt, Georgia, Nigeria, the Philip-
pines, Sudan, Thailand, and to members
of the Gulf Cooperation Council (three
times), to offer such advice.

The introduction of nuclear power 
on such a scale–dubbed by some as a
nuclear renaissance–may double in the
near future, raising the question of how
many elements of the nuclear fuel cycle

a country would be involved in. Does
every country need its own nuclear fuel
cycle? Or would it be more economical,
with minimal risks of proliferation and
an effective veri½cation system, to in-
clude more countries in the radius of
fuel cycle control? I believe those were
the reasons that prompted Mohamed
ElBaradei, Director General of the iaea,
to propose the creation of a multination-
al or regional nuclear fuel cycle in his
2003 article in The Economist. ElBaradei
was in fact reviving previous interests 
in the internationalization of the nucle-
ar fuel cycle. In his article, he identi½ed
three areas of vital importance: how to
guarantee the supply of fuel for nuclear-
generated electricity; how to set up one
or more international repositories for
spent nuclear fuel; and how to bring
about multilateral oversight to sensi-
tive parts of the front-end of the nu-
clear fuel cycle.

Nuclear Technology Review 2009 also
reported that a number of Arab coun-
tries are interested in the introduction 
of nuclear power. A quick tour d’hori-
zon of the Arab world, from east to west,
reveals some facts and developments
concerning nuclear technology and its
af½liations in this vast area of the world,
which constitutes 10.2 percent of the
entire globe.2

Dædalus  Winter 2010 93

Mohamed I. Shaker

Nuclear power in the Arab world 
& the regionalization of the nuclear 
fuel cycle: an Egyptian perspective

© 2010 by the American Academy of Arts 
& Sciences

Book_Wi2010:Daedalus.qxd  12/8/2009  12:33 PM  Page 93



94 Dædalus  Winter 2010

Mohamed I.
Shaker
on the 
global
nuclear
future

Oman is interested in desalination en-
ergy options, possibly including nuclear
energy. iaea Director General ElBaradei
visited the country in 2007. Kuwait, the
United Arab Emirates (uae), and Yemen
had no nuclear infrastructure or regula-
tory authority up until recently, other
than an Atomic Energy Committee or
Department. The uae, in anticipation 
of its investment in nuclear power, has
adhered to the Additional Protocol at-
tached to its safeguards agreement with
the iaea and has indicated its disinter-
est in uranium enrichment as well. The
law decree (No. 6, 2009) promulgated 
by the uae head of state on October 4,
2009, regulates the peaceful uses of nu-
clear energy within the state and adopts
the basic elements included in the “Doc-
ument on the General Policy of the State
of the uae in Assessing the Possibility 
of Developing a Peaceful Nuclear Power
Program in the State,” which was issued
in April 2008. Accordingly, the law pro-
hibits the development, establishment,
or operation of any reprocessing or en-
richment facilities within the uae.

The Kingdom of Saudi Arabia has,
since 1978, conducted several feasibil-
ity studies on utilizing nuclear power 
to desalinate seawater. The Saudis are
world leaders in seawater desalination,
but all such facilities are powered by
petroleum- and gas-generated electrici-
ty. Saudi Arabia’s only known previous
involvement in nuclear applications is
limited to experiments to produce radio
isotopes using a tandetron accelerator
and a cyclotron. Saudi Arabia, a party 
to the Nuclear Non-Proliferation Treaty
(npt), signed an iaea safeguards agree-
ment called the Small Quantities Proto-
col, which is intended for states with lit-
tle or no nuclear activity and allows the
kingdom to opt out of regular, intrusive
inspections in exchange for a state decla-
ration. As with Oman, ElBaradei visited

Saudi Arabia to discuss the kingdom’s
needs. If Saudi Arabia were to invest 
in nuclear power, the kingdom may be
asked to negotiate a new, more substan-
tive international safeguards agreement
with the iaea.

In the Levant, Jordan is seriously inter-
ested in nuclear power and has signed 
a number of nuclear cooperation agree-
ments with potential suppliers. It is also
investing in exploration for uranium and
in its extraction from phosphates.

Syria participated in a 2002–2006
iaea study on the economic competi-
tiveness of nuclear desalination. The
Syrian elemental nuclear program in-
cludes a Chinese-supplied miniature
reactor and plans for a larger research
reactor to be sourced from Russia. Syria
and Russia have also concluded negoti-
ations on the construction of a nuclear
power reactor coupled with a seawater
desalination plant. An Israeli air raid on
Syrian territory in September 2007 was
allegedly motivated by the existence of
nuclear equipment and/or material in a
Syrian location, a possibility which is still
under thorough investigation by the iaea.

One of Lebanon’s scientists had, up
until recently, been the Director Gen-
eral of the Arab Atomic Energy Agency
since 2001. Dr. Mahmoud Nasserldin is
French-educated with a Ph.D. in nucle-
ar physics from Grenoble University. As 
of 2009, he was succeeded by a Tunisian
scientist, Dr. Abduel Maguied Magoub. 

As for Iraq, we need not reiterate here
the destruction and dismantlement of 
its nuclear apparatus before the war was
launched against it in 2003, as a result 
of the work done by the two un Securi-
ty Council Committees, unscom and
unmovic, in accordance with un Se-
curity Council Resolution 687 of 1991.

Egypt has two research reactors at
Inshas, northeast of the Delta. One of
the reactors was acquired from Russia 
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in 1961, and the other, commissioned 
in 1997, was acquired from Argentina.
Both produce radioisotopes for medical,
industrial, and agricultural use. To op-
erate these reactors, Egypt imports low-
enriched uranium (leu) from which it
produces reactor fuel at its own fuel fab-
rication plant. Egypt also has medical fa-
cilities, accelerators, and other nuclear-
related laboratories, including a hot cell
laboratory.

Egypt nearly chose to construct its 
½rst nuclear power plant 20 years ago,
but failed to do so in the aftermath of 
the Chernobyl accident in the Ukraine 
in 1986. After Egypt’s rati½cation of the
npt in 1981, it negotiated a number of
cooperation agreements with leading
supplier states to begin the implemen-
tation of an ambitious nuclear power
program. The long duration of most 
of these agreements makes them still
valid. The great number of cooperation
agreements should allow Egypt to diver-
sify its sources in supply and types of
equipment. After more than 20 years,
Egypt’s nuclear power project is being
relaunched in the context of contribut-
ing to the energy mix in Egypt, for rea-
sons and factors similar to those in oth-
er countries. 

Egypt’s decision in 1980 to invest in
nuclear power came before its great dis-
coveries of gas, which brought great re-
lief to the energy sector and, more par-
ticularly, to the country’s electricity
needs. Gas was responsible for the up-
lift of Egyptian industries and other do-
mestic needs–partly why Egypt did not
hasten to rekindle its interest in nuclear
power.

Today, Egypt relies mainly on natural
gas and oil for electricity generation. In
2005–2006, Egypt consumed 17.3 mil-
lion tons of oil and 541 billion cubic feet
of natural gas. Only 12 percent of Egypt’s
electricity is generated by hydro power.

Wind energy, currently at 230 MW capac-
ity, generates only 1 percent of Egypt’s
electric power. In 2010, wind energy is
expected to generate 3 percent of Egypt’s
total electric power. As for solar energy,
Egypt is about to establish its ½rst solar
energy plant of 150 MW. 

If Egypt were to invest in a nuclear
power plant, with a capacity of 1,000
MW, this would save 1.78 million tons 
of oil, or 69.9 billion cubic feet of natu-
ral gas, per year. Over a period of 60
years, which is the average life span of
new nuclear power plants, the savings 
in oil are expected to reach 106 million
tons of oil, or 4.2 trillion cubic feet of
natural gas. This would save Egypt the
equivalent of 210 million tons of car-
bon dioxide. It is noteworthy that re-
serves of oil and gas are expected to be
exhausted in 15 and 34 years, respective-
ly. New discoveries in both sources of
energy could extend the reserves by a
few extra years. The average increase 
in energy demand for electricity in the
last 10 years was 7 percent yearly. Dur-
ing 2006, the total demand for electric
power was 18,160 MW, out of a total 
electricity-generation capacity of 21,300
MW. These ½gures should indicate the
type of studies and comparative analy-
ses that were undertaken to determine
whether it is justi½able to add nuclear
power to Egypt’s energy mix. I am con-
½dent that similar studies are being car-
ried out in other Arab countries.

The prospects for reviving the nuclear
power program in Egypt are now clear.
On October 29, 2007, Egyptian Presi-
dent Mubarak decided that Egypt would
go ahead with nuclear power. Egypt will
have to face up to its future electric ener-
gy needs in light of the short life span of
its oil and gas resources, as well as the
limitations on its hydro power (unless in
cooperation with African states in the
south, riparian of the River Nile, it can
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double its hydro power sources). Egypt
is in the process of promulgating laws
regulating nuclear power, its safety and
its security. A consultant, from Austra-
lia Parthons, has been chosen to assist 
in all phases of the program, including
the preparation of tenders. 

Egypt’s immediate neighbor to the
west, Libya, dismantled and turned 
over its enrichment equipment to the
United States in 2004, and it has signed
the Additional Protocol to its safeguards
agreement with the iaea. It has a 10 
MW research reactor at Tajoura that is
being converted to run on leu (former-
ly it used highly enriched uranium). In
March 2006, Libya signed an agreement
with France to develop civilian nuclear
power. French President Sarkozy and 
his government, which took power in
2007, have con½rmed that orientation.

In Tunisia, the possibility of using nu-
clear as an alternative energy source to
counter its limited natural gas resources
has been studied since the early 1990s.
At that time, Tunisia conducted a site
survey and participated in an iaea re-
gion-wide feasibility study of the use 
of nuclear energy for desalination in 
the North African states. In 2002, Tu-
nisia undertook a more intensive nucle-
ar desalination feasibility study with the
French Atomic Energy Commission for
the Skhira site in the south of the coun-
try. The study concluded that as long as
gas prices remain constant, the nuclear
option would not be economical for Tu-
nisia. Yet it also concluded that in the fu-
ture the country would experience elec-
tricity shortages unless new natural gas
reserves were found. Tunisia has no nu-
clear infrastructure other than a Nation-
al Center for Science and Nuclear Tech-
nology and a National Center for Radio-
protection.

Tunisia is the host of the Arab Atomic
Energy Agency, an Arab scienti½c organ-

ization and one of the Arab League sub-
sidiary organizations with an indepen-
dent identity. The Agency is concerned
with peaceful uses of nuclear energy, in-
cluding development and technological
applications. The main role of the organ-
ization is to coordinate Arab states in
peaceful applications of the atom, and 
to assist in research activities, manpow-
er development, and technical and sci-
enti½c information. It seeks to set up
uni½ed regulations for radiological pro-
tection and safe handling of radioactive
materials, and to coordinate scienti½c
and technical activities with concerned
regional and international organizations.
It supports and protects the patents in
the peaceful uses of atomic energy, en-
courages Arab scientists in the ½eld of
nuclear sciences and technologies, and
assists them in attending relevant Arab
conferences.3

Algeria has a Chinese 15 MW heavy-
water research reactor at Al Oussera; 
the reactor went critical in 1998. Algeria
also possesses an Argentinean 1 MW re-
search reactor that began producing iso-
topes in 1989, and also has a small fuel
fabrication plant and rich deposits of
uranium ore. Algeria is a leading candi-
date for nuclear power in the Arab world.

Finally, Morocco had a long-standing
interest in nuclear power for seawater
desalination. In the late 1990s, it carried
out a feasibility study for a Chinese-built
10 MW demonstration plant at Tan-Tan,
with iaea technical assistance and ½nan-
cial backing from the European Union
(eu). Later, Morocco studied the eco-
nomics of coupling nuclear reactors with
desalination systems at Agadir and Laay-
ounne. To provide the infrastructure to
help implement the program, Morocco
has a nuclear research center and a radi-
ation protection authority. In late Octo-
ber 2006, Morocco hosted a 12-country
conference to discuss the necessary steps
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to implement the Global Initiative to
Combat Nuclear Terrorism, which was
sponsored in July of the same year by 
the United States and Russia at the G8
Summit in St. Petersburg, Russia. The
number of supporters of that initiative
has dramatically increased since the
conference. 

Apart from sponsoring a number of
studies, the Arab Atomic Energy Agen-
cy has generally been dormant, and 
its impact has not been felt in the Arab
world or outside of the region. How-
ever, the 2007 Arab Summit of Riyadh
was a turning point and perhaps a new
lease on life for the Agency. At the Sum-
mit, the Council of the League of Arab
States decided to undertake joint coop-
erative activities for the development 
of peaceful uses of nuclear energy and
related technology in the Arab world,
including a practical program devoted 
to applications in various ½elds, espe-
cially energy, water, medicine, agri-
culture, and industry. The Council re-
quested that the Secretary-General of
the League of Arab States form groups 
of experts and specialists, with the par-
ticipation of the Arab Atomic Energy
Agency, to consider ways and means 
for such cooperation to take place 
within an integrated Arab framework.

In Riyadh, attendees adopted a previ-
ous resolution inviting Arab countries to
use or expand the use of nuclear technol-
ogy for peaceful purposes for all ½elds of
sustainable development, with due con-
sideration of the diversity of their needs
and of the fact that they were strictly ob-
serving provisions of all international
treaties, conventions, and regulations
that they have signed. Among the exec-
utive steps to be taken, the Summit pro-
vided support to the Arab Atomic Ener-
gy Agency, as the organ for joint Arab
action in this ½eld, and called upon 

Arab countries that have not yet joined
the Agency to do so without delay, for
their own bene½t as well as that of joint
Arab action in this ½eld. The Summit re-
quested that the Agency develop an Arab
strategy for mastering nuclear sciences
and technology for peaceful purposes by
2020.

The Riyadh Declaration Decisions
struck a balance between peaceful nu-
clear ambitions for the Arab world and
reaf½rmation of the importance of clear-
ing all weapons of mass destruction
(wmd) from the region. The decisions
moved away from double standards and
selectiveness and warned against launch-
ing a dangerous and devastating nuclear
arms race in the area. It was decided at
the Summit to suspend the work of the
Technical Committee, established in 1994
at the initiative of Arab countries, on 
the preparation of a draft treaty to estab-
lish a wmd-free, and especially nuclear-
weapon-free, zone in the Middle East.
The committee was suspended so that
Arab policies followed during past de-
cades could be assessed in light of cur-
rent international conditions.

Over the last 13 years, the Technical
Committee of the League of Arab States
had been drafting a treaty to establish 
a wmd-free zone in the Middle East.
The Arab League found no reason to
make the draft text available, as it had
not yet been approved by the League 
and as other parties outside the frame-
work in which the draft was negotiated
had not been involved or approached.
The suspension of the work of the Arab
League Technical Committee reflects
frustration on the part of the Arab states
because of the lack of implementation 
of the Middle East Resolution. The Res-
olution came out of the 1995 npt Re-
view and Extension Conference, spon-
sored by the three npt depositary gov-
ernments (the United Kingdom, the
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United States, and Russia), and was put
forward in conjunction with efforts to
seek consensus on a decision to extend
the npt inde½nitely. It also conferred 
on the nuclear-weapons states, as spon-
sors of the resolution, the responsibili-
ty to achieve universal adherence to the
npt, including by Israel and other states
not party to the Treaty, and to establish
the Middle East as a nuclear-weapon-
free and wmd-free zone. 

The clear message of the Riyadh Sum-
mit was that the Arab states would rath-
er develop their peaceful nuclear activ-
ities in a Middle East completely free 
of wmd and in conformity with all the
relevant international instruments they
have adhered to. There would be no sta-
bility or security in the region in the pres-
ence of any nuclear-weapons capability,
whether from Israel or from an Iranian
potential capability. The Riyadh spirit
prevailed as well at the Doha Summit,
held in Qatar in March 2009, and un-
derlined the importance of Arab coop-
eration and coordination in the nucle-
ar ½eld. 

Will the Riyadh Summit be the basis
for ongoing joint Arab action in the ½eld
of peaceful uses of nuclear energy? Will
the success of the Summit give a boost 
to the Arab Atomic Energy Agency and
lead to a regional or an Arab nuclear fuel
cycle, fostering greater coordination and
cooperation and, at the same time, ensur-
ing regional control that could be effec-
tively veri½ed internationally?

Based on the tour d’horizon provided
above, it is clear that Arab states would
have the expertise, uranium ore deposits,
research reactors, fuel fabrication skills
on a small scale, accelerators, and other
nuclear-related laboratories, including
hot cell laboratories, necessary to devel-
op an Arab nuclear fuel cycle. However,
within the present international context

and in light of policies imposed by 
the Nuclear Suppliers Group (nsg),
Arab states, individually or collective-
ly, would face dif½culties in investing 
in and importing the so-called sensitive
technologies: uranium enrichment and
fuel reprocessing technologies. Iraq and
Libya had dramatic experiences with
regard to those technologies. The vehe-
ment opposition we are currently wit-
nessing against the Iranian enrichment
program is another signal that an Arab
enrichment plant would not be toler-
ated, regardless of its location, even
though enrichment is not prohibited
under the npt, and a number of non-
nuclear-weapons states that are party 
to the npt are investing in enrichment,
including Germany, The Netherlands,
Brazil, and more recently, Japan. How
can the Arab states get around this di-
lemma in such an atmosphere? We 
must consider the possibilities in light 
of an iaea expert group’s 2005 report 
on multinational approaches to the
nuclear fuel cycle.4

The regionalization of the nuclear fuel
cycle raises a number of basic questions.5

Gradual buildup of a nuclear fuel cycle.
The internationalization of the nucle-
ar fuel cycle can only proceed in phases.
Success achieved in the ½rst phases may
be an incentive to involve other stages
and more actors. The iaea, including
the expert group mentioned above, tends
to focus on the so-called sensitive parts
of the nuclear fuel cycle–namely, urani-
um enrichment, reprocessing of spent
fuel, and spent fuel disposal and storage.
These are de½nitely important stages in
the nuclear fuel cycle from the point of
view of nonproliferation and supply, but
other stages could be of great interest 
to a number of countries, such as ura-
nium ore supply, fuel fabrication, and
even supply of spare parts to nuclear
power plants. Other stages could also 
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be included in a multilateral arrange-
ment. At any rate, buildup of a region-
al nuclear fuel cycle in the Arab region
could be expected to be slow and grad-
ual. Restructuring the Arab Atomic En-
ergy Agency to promote cooperation 
and coordination is expected to take a
longer time.

The need for a supply mechanism. A sup-
ply mechanism is needed to address:

•  The possible consequences of interrup-
tions to nuclear fuel supply for politi-
cal reasons; the risk of interruptions 
might dissuade countries from initiat-
ing or expanding nuclear power pro-
grams; and 

•  The vulnerabilities that create incen-
tives for building new national enrich-
ment and reprocessing capabilities.

A mechanism to assure the supply of
nuclear fuel would be envisaged solely 
as a backup measure to the operation 
of the commercial market; states would
make use of the mechanism only when
supply was interrupted for political rea-
sons. It would neither be a substitute 
for the existing commercial market in
nuclear fuels nor would it deal with dis-
ruption of supply due to commercial,
technical, or other nonpolitical reasons.
If such a mechanism operated reliably,
Arab countries might be relieved from
looking for other alternatives (which I
will say more about later). Could a re-
newed and bolstered Arab Atomic En-
ergy Agency be entrusted with such a
task?

The material to be assured. Existing pro-
posals deal with supply assurance in dif-
ferent, complementary ways. Some pro-
posals focus on assuring supply of nat-
ural uranium and leu stocks, and still
others focus on assurance of supply of
nuclear fuel itself.6 It has been asserted
that there is also a complementary need

for greater transparency in uranium
markets, and that assured access to a
broader range of nuclear reactor tech-
nology would be important to opera-
tors and countries seeking to reduce 
the risk of supply interruptions on po-
litical grounds. A number of Arab coun-
tries have made small-scale develop-
ments in fuel fabrication technologies
(for example, Egypt and Algeria), and
they may be more interested in assur-
ing the supply of enriched uranium.

Modalities of assurance’s mechanism.
The possible modalities could include 
a virtual reserve of natural uranium and
leu based on binding contractual agree-
ments for supply of such materials, plus
parallel binding commitments/assur-
ances of fuel fabrication services. A vir-
tual reserve does not involve separate
physical storage of natural uranium or
leu, but instead relies on availability
from suppliers that have agreed to be
part of the fuel assurance mechanism.

While an actual (physical) bank of
natural uranium or leu could be estab-
lished, it was found impractical, for tech-
nical and economic reasons, to have an
actual bank of nuclear fuel assemblies,
given the different types of reactor de-
signs and many variants of nuclear fuel
required for them. A virtual reserve of
Arab fabricated fuel would face the same
problem, presupposing heavier invest-
ment in fuel fabrication by those Arab
countries presently knowledgeable
about this technology.

Conditions governing eligibility for bene½t-
ing from assurance mechanisms. Commit-
ting to nonproliferation would be con-
sidered a qualifying criterion. However,
in accordance with the iaea statute, an
assurance mechanism would be avail-
able to all member states in a nondis-
criminatory manner. For any mecha-
nism, whether or not it involves a role
for the iaea, certain release criteria
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would need to be de½ned and agreed
upon, either by the iaea Board of Gov-
ernors or a supply consortium. Another
aspect requiring further assessment is
how best to ensure that the application
of the release mechanism is demonstra-
bly nonpolitical and based upon objec-
tive criteria. 

If an Arab nuclear fuel cycle were 
to be established, it would also have to
abide by iaea standards of nondiscrim-
ination as well as by nonproliferation
criteria. An important issue here is the
acceptability within the Arab world of
the Additional Protocol to be attached 
to the safeguards agreement between 
the iaea and the Arab states. Some 
have accepted the Protocol, including
Libya and the uae. Others have not 
done so yet, including Egypt. An Arab
nuclear fuel cycle should aim for har-
mony on this matter.

Possible role(s) for the iaea. Existing
proposals envisage different roles for 
the iaea, and there are still others that
can be considered. The suggested roles
range from iaea administration or own-
ership of natural uranium or leu stocks
to administration of virtual stocks and
associated parallel fuel fabrication com-
mitments. The iaea statute is suf½cient-
ly broad to allow the Agency to establish
its own stocks of nuclear fuel purchased
from, or donated by, member states for
supply to another member state against
charges determined by the iaea Board;
to facilitate the supply of nuclear fuel
from one member state to another; and
to facilitate, inter alia, the provision of en-
richment and fuel fabrication services by
one member state to another or to the
iaea. In this respect, a number of legal
arrangements would be required, espe-
cially if the iaea were to establish an
actual bank of nuclear fuel.

The un High-Level Panel on Threats,
Challenges and Change, established by

former un Secretary-General Ko½ An-
nan, produced the 2004 report A More
Secure World: Our Shared Responsibility,7
in which they urged that: 

Negotiations be engaged without delay
and carried forward to an early conclu-
sion on an arrangement, based on the
existing provisions of Article III and IX
of the iaea Statute which would enable
iaea to act as a guarantor for the supply 
of ½ssile material to civilian nuclear users.
Such an arrangement would need to put
the Agency in a position to meet, through
supplies it authorized, demands for nucle-
ar fuel supply of low enriched uranium
and for reprocessing of spent fuel at mar-
ket rates and to provide a guarantee of
uninterrupted supply of these services, 
as long as there was no breach of safe-
guards or inspection procedures at the
facilities in question.

Privileging the iaea as a guarantor of
supply is due to the fact that the Agency’s
membership is much broader than that
of the commercial consortium. Further-
more, the iaea’s track record, reputa-
tion, credibility, and relevant experience
justify this reaction. However, one must
take into consideration that those with
permanent or semi-permanent seats on
the Board of Governors are the most ad-
vanced countries in nuclear energy and
also are the major supplier countries.
They are also parties to the export con-
trol regimes that might not necessarily
be favorable toward certain potential re-
cipient states. In this case, the solution
might be to democratize the export con-
trol regimes, especially the nsg. By offer-
ing universal admission to the regimes,
suppliers and users could consult about
guidelines that would be adopted for the
export of nuclear equipment and mate-
rial. At present, these guidelines are usu-
ally adopted without consultation with
the user states. We must not assume that
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seeking consultation would suf½ce as a
remedy; a new democratic setup is badly
needed.

The nsg practices and the domina-
tion of the iaea Board by supplier coun-
tries may invite Arab countries to pon-
der whether their Arab Atomic Energy
Agency could play the role of a guaran-
tor of fuel supply in a regional context.
Again, let us reiterate that the Agency
would have to be restructured to play
such a role.

The role of the nuclear industry. Consulta-
tions with the nuclear industry would be
useful, particularly with the understand-
ing that the nuclear industry would pro-
vide the required goods and services to
support a supply assurance mechanism
that does not have negative effects on the
diversity and stability of the existing
commercial market in nuclear fuels.

Other related issues. These issues pertain
to how an assurance mechanism can be
structured in a manner that would not
result in a division–whether real or per-
ceived–between nuclear fuel and nucle-
ar reactor technology haves and have-
nots. Also necessary is a structure that
does not undermine existing multilater-
al, treaty-based nuclear nonproliferation
norms of state sovereignty and rights. 
In this respect, it is important to reread
Article IV of the npt, which has encour-
aged parties to the Treaty to engage fully
in cooperation on peaceful uses of nucle-
ar energy. The Riyadh declaration and
decisions are very much in line with the
letter and spirit of Article IV of the npt.
Arab participants in a regional nuclear
cycle would be equal partners sharing
decisions together.

Aside from the basic questions raised
by the possibility of a regional nuclear
fuel cycle, there are also questions relat-
ed speci½cally to the so-called sensitive
technologies.

Uranium enrichment. In its 2005 re-
port, the iaea expert group noted that
suppliers could provide additional sup-
ply assurances. Also, an international
consortium of governments could step
in to guarantee access to enrichment
services, with suppliers simply being
executive agents. This arrangement
would be a kind of intergovernmen-
tal fuel bank. 

There are also variations of the pre-
ceding option, including with the iaea

acting as the anchor of the arrangement.
The iaea would function as a kind of
guarantor of supply to states in good
standing, as described earlier. The iaea

might either hold title to the material
supplied or, more likely, act as facilita-
tor, with backup agreements between
the Agency and supplier countries. In
effect, the iaea would establish a de-
fault mechanism only to be activated 
in instances when a normal supply 
contract had been broken down for 
reasons other than commercial.

As to multilateral nuclear arrange-
ments that would take the form of a
joint facility, the iaea expert group
pointed to the existence of two ready-
made precedents, the Anglo-Dutch-Ger-
man company Urenco and the French
company eurodif. The experience of
Urenco, with its commercial-industrial
management on the one hand and the
governmental joint committee on the
other, shows that the multinational or
international concept can be made to
work successfully. eurodif has a suc-
cessful multinational record as well. 
By enriching uranium only in France,
instead of in three countries, as is the
case with Urenco, eurodif provides
enriched uranium to its co-½nancing
international partners, thus restricting
all proliferation risks, diversion, clan-
destine parallel programs, breakout, 
and the spread of technology. Unlike
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Urenco, eurodif is known to have
never been a manufacturer of enrich-
ment equipment. 

Is there any possibility of enlarging 
the two entities to accommodate more
partners in the future and to make them
more international than they are today
in terms of ½nancial contributions, man-
agement, or decision-making? Admit-
ting Iran as a partner in eurodif indi-
cates that there was open-mindedness 
to the idea of accepting countries from
other continents as partners. Can Arab
countries bene½t from this precedent,
especially given that their regional nu-
clear fuel cycle would, in the present
international context, most probably
bypass enrichment, as earlier indicat-
ed? Bypassing enrichment, however,
should not be construed as giving up 
the right to that activity, a right spelled
out in the npt.

There are national facilities for enrich-
ing uranium in other parts of the world,
such as Japan and Brazil, and here, too,
we can foresee that such national urani-
um enrichment facilities could one day
be converted to multinational facilities
providing services to regional neighbors
and maybe beyond. By taking such steps,
we would further internationalize essen-
tial parts of the nuclear fuel cycle. Also,
Russian, German, American, and other
offers to make enriched uranium avail-
able are of no less importance.

Reprocessing of nuclear spent fuel. The
iaea expert group noted that the pres-
ent capabilities for reprocessing spent
fuel from existing light water reactors
and those currently under construc-
tion are suf½cient for expected global
demands in plutonium-recycled fuel
during the coming two decades. There-
fore, the expert group concluded that 
the objectives of supply assurances 
can be ful½lled to a large extent with-
out new reprocessing facilities involv-

ing ownership. Currently, all reprocess-
ing plants are, in essence, state-owned.
An iaea-broker arrangement could
mean iaea participation in the super-
vision of an international consortium 
for reprocessing services.

In the view of the iaea expert group,
converting a national facility to inter-
national ownership and management
would involve the creation of a new in-
ternational entity that would operate as
a new competitor in the reprocessing
market. An international entity would
have the advantage of bringing together
international expertise, but at the same
time, it would include a nonprolifera-
tion disadvantage related to dissemina-
tion of know-how and to the return of
the separated plutonium. Also, of the ex-
isting reprocessing facilities, all except
two facilities (in Japan) are in nuclear-
weapons states or in non-npt states. 
In cases of conversion to international
entities, appropriate safeguards would
have to be introduced if they have not
already been applied. 

Because an Arab nuclear fuel cycle, 
in the present international context, is
expected to bypass reprocessing (but
without permanently giving up that
right), it will have to rely on existing
national facilities or converted inter-
national entities. The Arab countries
may ½nd in Japan (a heavy oil import-
er) a reliable partner.

The iaea expert group believes that
new joint facilities will not be needed 
for a long time, mainly because of the
suf½cient global reprocessing capacity.

Spent fuel disposal and storage. At pres-
ent, there is no international mecha-
nism for spent fuel disposal services; 
all undertakings are strictly national.
The ½nal disposal of spent fuel is thus 
a candidate for international approach-
es. The iaea is encouraged to continue
its effort in that direction. 
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Storage facilities for spent fuel are
either in operation or being built in sev-
eral countries. There is not yet an inter-
national market for services in this area,
except for the readiness of the Russian
Federation to receive Russian-supplied
fuel and, possibly, other spent fuel. The
storage of spent fuel is also a candidate
for multilateral approaches, primarily at
the regional level. Here, too, the iaea is
encouraged to continue investigation in
that ½eld. 

Many political and public-acceptance
issues will arise in connection with the
import of nuclear materials to an exist-
ing repository. Public acceptance is al-
ready of crucial importance for setting
up national repositories; it will be of
even greater importance for multina-
tional repository projects with nucle-
ar waste and spent fuel coming from 
several countries.

The issue is of great sensitivity. Egypt
had the experience of utterly rejecting 
an offer from Austria to send the waste
from its aborted single reactor built 
outside Vienna. There was uproar in 
the Egyptian People’s Assembly (Par-
liament) for even contemplating such a
proposition. In light of that experience,
it is highly unlikely that most Arab coun-
tries would host a multinational reposi-
tory on their soil, unless they can identi-
fy a volunteer that could overcome inter-
nal dif½culties or that guarantees public
acceptance. 

The internationalization of the nucle-
ar fuel cycle is not a myth. As this paper
indicates, internationalization in differ-
ent forms can take place if political will
exists, under conditions of nonprolifera-
tion and smooth cooperation. It can on-
ly be a gradual process in terms of both
participants and the different stages of
the nuclear fuel cycle, especially with re-
gard to the so-called sensitive stages of

the cycle: enrichment, reprocessing, 
and the disposal and storage of spent
fuel. Most of the initiatives and propos-
als put forward are concerned with the
supply mechanism. None has dwelt on
the merits of a multinational or region-
al nuclear fuel cycle as suggested by the
iaea Director General. I have tried in
this paper to advance a few ideas about 
a potential regional nuclear fuel cycle in
the Arab region. The iaea is well placed
to encourage and to be involved in such
an international endeavor. A ½rst step to
reduce the influence of the nuclear sup-
plier states and their group would be to
open up the group to the user states, to
encourage ongoing dialogue for the ben-
e½t of both categories of states. This dia-
logue is missing now, and user states are
often confronted with decisions made 
in their absence and without taking into
consideration their essential needs and
concerns. This new partnership should
be institutionalized in a way that would
guarantee new voices in the decision-
making or in formulating guidelines 
for the export of nuclear materials 
and equipment.

The above situation may even lead 
to the formation of regional nuclear fu-
el cycles that would challenge the dom-
inance of the nsg and would call into
question the existence of the group 
in its present format. Following the Ri-
yadh Summit, are we going to witness 
in the foreseeable future the emergence
in the Arab region of an Arab Euratom,
which could be a prelude to an Arab
Union following the path that Europe
has traveled since 1957? 

As a ½rst step, the Arab Atomic En-
ergy Agency should be strengthened 
and restructured to play a pivotal role.
The experiences of the Tlatelolco Trea-
ty in Latin America and the Caribbe-
an and the Argentine-Brazilian Agen-
cy for Accounting and Control of Nu-
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clear Materials (abaac) should be in-
structive.

The most important element is that 
we must reach a stage where no supplier
country alone can hamper or interrupt,
for political reasons, a cooperative ven-
ture in the ½eld of peaceful uses of nu-
clear energy. Our objective should be to
protect the user states that have lived up
to their international commitments and
obligations and to allow them to contin-
ue unhindered in their peaceful nuclear
activities.

Every individual state participating in
an international or regional nuclear fuel
cycle should feel that it has a say in the
operation or the running of such an en-
terprise. This participatory aspect is just
as important as the guarantee of supply.

Finally, and to sum up, regionalization
or “Arabization” of the nuclear fuel cy-
cle would have the following advantages:

•  Economies of scale;

•  Better guarantees of effective interna-
tional control by the iaea; 

•  Strengthened nonproliferation norms, 
because each party to the cycle would 
be checking on the others; and

•  In the long run, better bridges between 
the developed and the less-developed 
countries in nuclear technology, thus 
maximizing equality among partici-
pants as much as possible and encour-
aging joint decision-making.

Closer Arab cooperation and coordina-
tion in the nuclear ½eld could be the pre-
lude to a sort of Arab Union. In Europe,
the establishment of Euratom and the
Steel and Coal Union led to the Common
Market, the European Community, and,
½nally, the eu. We have much to learn
from the European experience, which is
a vivid example of how it is possible for
our dreams to come true.
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There have been several recent 
events, both domestic and interna-
tional, that are likely to have an im-
pact on the shape of a future nuclear
program in Iran. First, on March 12,
2009, the ½ve permanent members 
of the un Security Council (Russia,
China, France, the United Kingdom, 
and the United States) along with Ger-
many (the P5+1) published a joint state-
ment on Iran’s nuclear ½le, reaf½rming
their unity of purpose and strong sup-
port for the International Atomic Ener-
gy Agency’s (iaea) essential role in es-
tablishing con½dence in the exclusive-
ly peaceful nature of Iran’s nuclear pro-
gram.1 The P5+1 claimed they remain
½rmly committed to a comprehensive
diplomatic solution, including through
direct dialogue, and urged Iran to take
this opportunity to engage with them.2

Second, Iran’s presidential election
took place on June 12, 2009, and attract-
ed considerable controversy. The incum-
bent, Mahmoud Ahmadinejad, was of½-
cially declared the winner, but the oppo-
sition candidates, Mir Hossein Mousavi,
Mohsen Rezaee, and Mehdi Karroubi, at
½rst refused to accept the results. Akbar
Hashemi Rafsanjani, a veteran of the Is-

lamic Revolution and head of the power-
ful Assembly of Experts, did not send 
his congratulations to Ahmadinejad.
Widespread demonstrations occurred 
in Iran after the election. Few observers
expressed the view that, because Iran’s
foreign policy is connected to Supreme
Leader Ayatollah Ali Khamenei, there
would be no change in Iran’s nuclear
policies and activities, regardless of the
president. Nevertheless, it seems the sit-
uation for Iran’s policies has changed
after the election because of new inter-
nal and external pressures. 

Third, on July 11, 2009, Iran’s Foreign
Minister, Manouchehr Mottaki, said
Iran is preparing a new package of po-
litical, security, and international issues
to be put to the West. And on July 17,
2009, President Ahmadinejad named
Iran’s former envoy to the iaea, Ali Ak-
bar Salehi, the new vice president and 
head of the Atomic Energy Organiza-
tion of Iran (aeoi).3 Salehi replaces
Gholam Reza Aqazadeh, who resigned
after holding the post for 12 years. Sale-
hi served as Iran’s ambassador to the
iaea from 1997 to 2005. 

These recent developments call for
rethinking the direction for Iran’s nu-
clear activities. The Iranian election 
has made the job ahead much harder,
but the determination to ½nd ways to
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build trust and to create a strong diplo-
matic process has never been greater.

Nuclear energy has two facets. When
used for peaceful purposes, such as pow-
er generation, medical services, agricul-
ture, and industry, it can contribute to
improvements in quality of life. How-
ever, it can also be used for military or
criminal purposes. Thus, there are both
great opportunities and great risks. Two
of the greatest opportunities arise from
the contributions nuclear power can
make to energy security and environ-
mental challenges. 

Energy Security. Nuclear energy can 
ease concerns about security of energy
supply. As economies grow, energy de-
mands also increase. In regions such 
as Asia and the Middle East, plans for
and expressions of interest in nuclear
energy have been increasing. The ex-
pectation that nuclear energy will ½ll 
the gap between energy demand and
supply has become very high.

An objective review of the facts makes
clear Iran’s need for alternative sources
of energy, including nuclear. According
to a study by the U.S. National Acade-
my of Sciences, “Iran’s energy demand
growth has exceeded its supply growth,”
and therefore, “Iran’s oil export will de-
cline,” or even “could go to zero within
12–19 years.”4 The study acknowledg-
es that Iran’s need for nuclear power is
“genuine, because Iran relies on money
proceeds from oil exports for most rev-
enues, and could become politically vul-
nerable if exports decline.” Nuclear re-
actors, the report adds, “will substitute
for the power now generated by petrole-
um, thus, freeing petroleum for export.”
In fact, Iran’s current plans to produce
20,000 megawatts (mw) of nuclear elec-
tricity by 2020 may save Iran 190 million
barrels of crude oil every year, or nearly
$14 billion annually.5

Environmental Challenges. Nuclear en-
ergy is also expected to contribute to
global and national efforts to cope with
global warming, as carbon dioxide emis-
sions from nuclear are much smaller than
those from fossil fuel sources. Compared
with major energy sources, including
other non-fossil-fuel alternatives, nucle-
ar power is one of the most effective en-
ergy sources to reduce CO2 emissions.6

Aside from the expected contribu-
tions to energy security and environ-
mental challenges, a rationale for pro-
moting nuclear energy in Iran must 
take into account economics, energy 
and technical independence, and mili-
tary policy/national security. 

1. Iran’s civil nuclear program has a clear 
economic rationale because Iran has 
a need to generate revenues from the 
sale of fossil fuels.

2. Iran’s insistence on controlling its 
own enrichment process is the logical 
consequence of its diversi½cation and 
energy security policy, in addition to 
its aim to establish technical indepen-
dence. This goal is itself fully within 
the limits of the Nuclear Non-Prolif-
eration Treaty (npt).

3. As made clear in assessments by the 
U.S. intelligence services and joint 
U.S.-Russia track-2 assessments,7
Iran’s decision to pursue a military 
nuclear program is ambiguous. A de-
cision on whether Iran will produce 
highly enriched uranium (heu) has 
not yet been taken, and there is still 
no decision about forging ahead with 
a nuclear program. The missile pro-
gram is on a different level compared 
to the nuclear program. The report 
concluded that there is at present no 
intermediate-range ballistic missile 
(irbm) or intercontinental ballistic 
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missile (icbm) threat from Iran, and 
that such a threat, even if it were to 
emerge, is not imminent.8

The rationale for promoting nuclear
energy is based on Iran’s understanding
of questions of rights and questions of
security. Iran believes that each nation
has the “inalienable right” to enjoy the
bene½ts of the peaceful use of nucle-
ar energy, in conformity with the pro-
visions of nonproliferation and safe-
guards obligations in the npt and the
iaea statute. Many international com-
mentators believe that this inalienable
right should not permit the acquisition
of sensitive nuclear materials and tech-
nology without transparent and plausi-
ble plans for strictly peaceful programs.
As a result, Iran’s government and peo-
ple have come to believe that they are
being denied the right to access peace-
ful nuclear technology despite Iran’s
expression of readiness to guarantee 
the “three Ss”: safety of its facilities 
and operation; security of facilities 
and materials; and safeguards.

While Iran expects nuclear energy 
to play an increasing role in bettering
Iranian lives, nuclear energy also poses
serious security challenges to Iran’s na-
tional interests. This is especially true 
in light of rising nuclear proliferation
threats caused by the diversion of peace-
ful nuclear programs to military use, by
withdrawal from international nonpro-
liferation treaties and agreements, and
by theft or illicit trade of nuclear materi-
als by non-state actors. Some of Iran’s
neighbors–Pakistan, Afghanistan, and
Iraq, and the Caspian Sea and Persian
Gulf regions in general–pose particular
risks in terms of nuclear proliferation. 

Iranian leadership rejects double 
standards on nuclear violence. They 
feel that insisting that Iran heed un

Security Council resolutions for nu-

clear programs is hypocritical when Is-
rael’s nuclear weapons capabilities do
not face the same mandate. “There are 
a number of resolutions” from the iaea

and other organizations “calling on Is-
rael to join the npt, calling on Israel to
place all their nuclear facilities under in-
spection of the iaea, and obviously by
getting rid of their nuclear weapons, as
allegedly they are,” says Gustavo Zlauvi-
nen, representative of the iaea Director
General to the un.9 Akbar Etemaad, the
½rst head of the aeoi during the Shah’s
era, says: 

The U.S. and its allies fear that even 
building a peaceful enrichment capabil-
ity would allow Iran to covertly produce
weapons-grade material, and have argued
that Tehran’s violations of transparency
and disclosure requirements of the npt

should mean it has forfeited its right to
enrich uranium. But that argument has 
so far not been embraced by the U.N. or
the iaea, which reports there is no evi-
dence that Iran was working actively to
build nuclear weapons.10

Indeed, based on Islamic jurispru-
dence, the development and use of weap-
ons with indiscriminate impact on the
population and the environment are pro-
hibited. The leader of the Islamic Repub-
lic has issued a religious decree against
weapons of mass destruction (wmds)
and speci½cally against the development,
production, stockpiling, and use of nucle-
ar weapons.11 From a strategic point of
view, Iranian leaders realize that nucle-
ar weapons do not provide domestic sta-
bility or external security. Iran’s policy-
makers believe that development or pos-
session of nuclear weapons undermine
Iranian security. Even the perception
that Iran is pursuing nuclear weapons
negatively impacts Iran’s power by de-
creasing its regional influence and in-
creasing its global vulnerabilities.
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Iran does not need nuclear weapons to
protect its regional interests in the imme-
diate neighborhood. In fact, to augment
Iranian influence in the region, it has
been necessary for Iran to win the con½-
dence of its neighbors, an effort that will
inevitably suffer from such perceptions.
Furthermore, with the current state of
its technological development and mili-
tary capability, Iran cannot reasonably
rely on nuclear deterrence against its ad-
versaries in the international arena or in
the wider region. Engaging in a spiraling
arms race to establish and maintain nu-
clear deterrence would also be prohibi-
tively expensive, draining the limited
economic resources of the country.12

New multinational mechanisms to as-
sure supplies of nuclear fuel, at market
prices, to countries with peaceful nucle-
ar energy programs should be given a
key role in nuclear power development.
These mechanisms not only assure fuel
supply, but also promote nonprolifera-
tion and the sharing of nuclear energy
opportunities on a multilateral basis.13

The West Asia region, including the 
Persian Gulf, would particularly ben-
e½t from exploring the feasibility of 
an International Nuclear Consortium
(inc) for multilateral nuclear enrich-
ment and management of spent fuel,
under the supervision of the iaea and
with several operators. There are two
options for Iran’s participation in such 
a consortium:

1. Designing a consortium with the joint 
participation of the aeoi and Euro-
pean companies; or

2. Establishing a regional organization 
that would lead to the creation of a 
consortium in the West Asia region, 
called the West Asia Atomic Energy 
Agency (waaea). The waaea would
set up a regional fuel cycle. (It remains 

to be determined politically if this inc

can include Iran or if it would be paral-
lel to another international fuel cycle 
under strict iaea surveillance.)

The most dif½cult question is wheth-
er multinational enrichment facilities
should be encouraged in potentially un-
stable areas in return for rolling back
incipient nuclear weapons programs. 
In 2005, using the model suggested by
iaea experts, Iran proposed to convert
its enrichment facilities to regional or
multinational schemes, which provide
the greatest degree of transparency by
allowing the concerned parties to par-
ticipate in the ownership and opera-
tion of these facilities. However, none 
of these proposals, which were present-
ed by Iran from January 2005 to Octo-
ber 2006, received any meaningful con-
sideration, primarily due to the tenden-
cy of the United States to manufacture 
a nuclear crisis instead of searching for 
a solution. It is worth noting that Iran’s
proposal for the establishment of an in-
ternational consortium was initially con-
sidered very promising by the eu High
Representative for Common Foreign and
Security Policy Javier Solana, leading to
public statements of progress following
his meetings with Iran’s nuclear negotia-
tor. In a letter dated May 8, 2008, to the
un Secretary-General from the Foreign
Minister of Iran, the Iranian government
stated that it is ready to consider “estab-
lishing enrichment and nuclear fuel pro-
duction consortiums in different parts of
the world–including in Iran.” The letter
also spoke of nuclear disarmament. 

In 2007, a study by John Thomson 
and Geoffrey Forden of mit suggested
that measures can be taken to prevent
the expropriation of a multinational fa-
cility by the Iranian government, and
that the likelihood of discovering any
concealed enrichment facility in Iran
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would be enhanced by establishing a
multinational facility. They proposed 
a multinationally owned and operat-
ed enrichment facility located in Iran,
using Urenco or Russian centrifuges,
that would supplant Iran’s national-
ly operated enrichment facility. (A re-
quirement for international staf½ng
should be a part of the agreement in
places like Iran, where regional secu-
rity considerations are a factor.) Their
analysis describes legal, organization-
al, and technological barriers to nucle-
ar proliferation, as well as barriers to
nationalization.14 In the model they 
outline, consumer countries would 
be heavily involved in ownership and
management.15 Forden and Thomson
reported that Iranians they spoke with
expressed an interest in involving In-
dia and South Africa in such a facility. 

Experts at mit have proposed another
approach that could resolve the impasse
(if tailored to meet the bottom lines of
all sides).16 A joint-venture enrichment
plant could be established in Iran (meet-
ing the Iranian desire for enrichment 
on their soil), but with an international
staff on duty around the clock and with
the use of ef½cient European centrifuges
enclosed in “black boxes” (meeting the
Western demand that the approach not
give Iran a leg up in centrifuge technol-
ogy, which could be applied to military
use). Iran would own the plant jointly
with European countries (possibly with
Russia and China as well), making any
attempt to shift the facility to weapons
work a seizure of other nations’ proper-
ty. The countries would manage the fa-
cility jointly under continuous and in-
tensive international inspection. The
black box arrangement is the same one
planned to protect proprietary Europe-
an centrifuge technology at a new nu-
clear plant in the United States. This
arrangement would be coupled with 

a no-attack commitment, political dia-
logue, veri½cation steps, and a halt to
Iran’s own enrichment work.

Reliable assurance of fuel supply is key
to effective multilateral mechanisms. As-
surance of supply for non-nuclear-fuel-
cycle states (in other words, putting the
multilateral approach to the nuclear fuel
cycle in practice) would be signi½cant in
shaping and embedding robust nonpro-
liferation norms and habits in the inter-
national community. 

Further research on international in-
volvement in Iranian nuclear facilities
has been done at Harvard’s Belfer Cen-
ter for Science and International Affairs.
Associate Professor of Public Policy and
Co-Principal Investigator of the Project
on Managing the Atom Matthew Bunn
has expressed his views on potential con-
tributions of international staff or own-
ership of key facilities in Iran. He suggests
an international staff on duty around the
clock, but one that would work with Ira-
nians. He believes that having zero cen-
trifuges in Iran would be the best out-
come for U.S. and international securi-
ty, but that insisting on zero centrifug-
es is likely to lead to no agreement.17

In late 2006, President Ahmadinejad
said that in ½ve years (that is, by 2012)
Iran would begin to produce nuclear 
fuel and sell it to Western countries 
at a 50 percent discount. The offer was
made contingent on the West ceasing 
its programs to reprocess spent nucle-
ar fuel. Iran’s initiative was reinforced
by the ½rst test run of the second cen-
trifuge cascade (164 P-1 centrifuges) 
at the Natanz isotope separation facil-
ity. The productivity of one Iranian 
centrifuge is about three separative 
work units (swu); the buildings at 
the Natanz factory can hold up to 
54,000 centrifuges of Iranian produc-
tion, with a total capacity of about
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150,000 to 160,000 swu of uranium
hexafluoride for the production of civil-
ian nuclear fuel. At the current price of
about $160 per swu, the sale of all fuel
produced at the Natanz factory in a year
(given a capacity of 150,000 swu), even
with a 50 percent discount, would bring
in $12 million per year.18 This is an insig-
ni½cant sum for oil-exporting Iran, but 
a successful contract would allow Iran 
to take the ½rst step toward establishing
itself as a provider of nuclear fuel cycle
services on the world market.

At around the same time that Iran an-
nounced this initiative, Tehran was of-
fered the opportunity to host a Urenco
enrichment facility on its territory. The
facility would produce materials for an
international fuel bank controlled by the
iaea. As Forden and Thomson proposed,
the facility could be controlled jointly by
the iaea and the investor (the European
Troika and Urenco). Moreover, their pro-
posal did not exclude the option of using
the Iranian P-1 centrifuge and replacing
it in the future with new Urenco models
(tc-12 or even the tc-21).19 According 
to the Forden and Thomson proposal,
the factory could house 3,000 tc-12 
centrifuges, which would correspond to 
the production volume of 120,000 swu,
worth $56 to $84 million. At the same
time, the production of 5 million swu

per year would require the installation 
of 125,000 centrifuges, while the expens-
es on the construction of the enterprise
would reach $2.3 to $2.4 billion. The in-
stallation of 50,000 tc-21 centrifuges
would allow the production of about 
840 tons of enriched uranium per year
(at 4 percent enrichment), which would
be enough to load 40 standard 1,000 MW
reactors, fully covering Iran’s potential
needs for enriched uranium and still al-
lowing for exports. However, this initia-
tive was not embraced by Urenco and
was not pursued any further.20

Iran’s nuclear ½le has pivotal impacts
on Iran’s relations with other countries.
Bilateral, multilateral, regional, and in-
ternational ties between Iran’s govern-
ment and other players have been affect-
ed tremendously by Iran’s stance on nu-
clear technology. Iran’s Foreign Minis-
ter, Manouchehr Mottaki, must manage
the future of Iran’s international rela-
tions following the post-election chaos
of June 2009. 

Iran’s relations with the P5+1 have been
mixed. After October 2003, Iran contin-
ued some of its enrichment-related ac-
tivities, but Tehran and eu3 (Germany,
France, and Britain) agreed in Novem-
ber 2004 to a more detailed suspension
agreement. Iran resumed uranium con-
version in August 2005 under the leader-
ship of President Ahmadinejad, who had
been elected two months earlier. In Janu-
ary 2006, Iran announced that it would
resume research and development on its
centrifuges at Natanz. In response, the
iaea Board adopted a resolution on Feb-
ruary 4, 2006, that referred the matter to
the un Security Council. Two days later,
Tehran announced that it would stop im-
plementing the iaea’s Additional Pro-
tocol, which provides for broader iaea

inspections. In June 2006, the P5+1 pre-
sented a proposal to Iran that offered 
a variety of incentives for Tehran. The
proposal called on the government to
“address the [iaea’s] outstanding con-
cerns . . . through full cooperation” with
the Agency’s ongoing investigation of
Tehran’s nuclear programs; to “suspend
all enrichment-related and reprocessing
activities”; and to resume implementing
its Additional Protocol.21 These require-
ments have also been included in sever-
al un Security Council resolutions, the
most recent of which, Resolution 1803,
was adopted March 3, 2008. That reso-
lution called on iaea Director General
ElBaradei to report within 90 days on
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whether Iran had complied with the
Security Council requirements, add-
ing that the council would respond 
to Iranian noncompliance with addi-
tional sanctions. ElBaradei’s May 26,
2008, report to the Security Council 
and the iaea Board indicated that Teh-
ran has continued to defy the council’s
demands by continuing work on its ura-
nium enrichment program and heavy-
water reactor program. Iranian of½cials
have repeatedly stated that Iran will not
suspend its enrichment program. 

eu High Representative for Com-
mon Foreign and Security Policy Jav-
ier Solana traveled to Tehran on June 
13, 2009, to present a revised version 
of the June 2006 offer, on which the 
P5+1 had reached agreement in early
May. Tehran has told the iaea that it
would implement its Additional Proto-
col “if the nuclear ½le is returned from
the Security Council” to the Agency. It
is, however, unclear how the council 
could meet this condition. Even be-
fore the con½rmation of a new term 
for President Ahmadinejad, it was al-
ways likely that Iran’s response to the
months-old invitations to talk from 
both President Obama and the six ne-
gotiating countries would be wary and
tough. Still, the Iranians are likely to
return to the negotiating table at some
point; when they do so will depend on
how soon the turmoil within the polit-
ical establishment dies down. Given
skepticism in the West about Iran’s 
election results, fresh Iranian govern-
ment resentments will now be on the
table alongside old ones. Crucially,
though, these grievances are unlikely 
to sink the talks before they get start-
ed: the issues are too important. Nei-
ther side, for that matter, has a better
policy in mind. 

Political relations between Europe and
Iran are strained because their interests

often clash, they do not trust each oth-
er, and they run their domestic affairs
very differently, as Richard Dalton, for-
mer British Ambassador to Tehran, has
said.22 Perceptions matter. In the last
year, Iran’s rulers have interpreted sym-
pathetic Western media reports of dem-
onstrations, especially post-election, as
interference arising from hostility. Con-
tinued multilateral talks and diploma-
cy are needed to de-escalate the crisis
over Iran’s nuclear program, and Eu-
rope should be heavily involved in this
process, even if it is long and dif½cult. 

Relations (or lack thereof ) between
the United States and Iran following 
the Islamic Revolution were often not
warm, but since 1996 the relationship
has worsened because of Iran’s inten-
tion to invest seriously in nuclear tech-
nology. Iran was worried by the United
States’ post-9/11 wars in Iraq and Af-
ghanistan, which serve to encircle Iran;
its categorization of Iran as part of an
“axis of evil”; and its branding of Iran 
as a new Cold War enemy, as recom-
mended during the Bush administra-
tion, thus precluding the politics of en-
gagement. In 2004, the United States
changed its nonproliferation threshold
from objecting to any nuclear facility in
Iran to objecting to enrichment activi-
ties. Many commentators in Iran believe
that a solution to the nuclear standoff
will come from reestablishing relations
between Washington and Tehran.23

I think Iran’s economic, political, 
and social problems are rooted in cul-
tural and historical trends that will not
be resolved overnight by resuming re-
lations. Hard-liners in Iran feel that
America’s power is in decline and that
Tehran should take advantage at this
juncture. However, they leave two ques-
tions unanswered: ½rst, will American
power diminish before it can damage
Iran? Second, will the end of American
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dominance coincide with the appear-
ance of a new unipolar power or with 
the creation of a multipolar world sys-
tem? If the latter, will Iran be prepared
for a multipolar environment?

Iran’s relationship with Russia 
has been somewhat more productive.
Russia has proposed a Russian-Irani-
an joint venture whereby fuel for Iran’s
reactors would be enriched in Russia
rather than in Iran. The venture would
use Russian centrifuges, and Iranian sci-
entists would not have access to them.
Iran already has experience with delays
in Russian nuclear supplies, and insist-
ed on continuing its own centrifuge de-
velopment, which the United States and
some European countries reject. Russia’s
proposal could serve the interests of all
sides, if coupled with several addition-
al steps. First, all sides should agree on
three steps to guarantee that fuel to Iran’s
reactors will not be cut off: (1) the major
nuclear fuel suppliers should form a com-
mercial consortium that would guaran-
tee to step in if Russian supply were in-
terrupted; (2) the United States, Russia,
and other countries should contribute
enriched uranium to an iaea-controlled
fuel bank, whose rules would require it
to provide fuel if there were an interrup-
tion of supply unless it was ordered not
to do so by the Security Council; and (3)
Iran and the major powers should estab-
lish a stockpile of some three years’ worth
of nuclear fuel to be held in Iran (much
like the U.S. strategic petroleum reserve).

There is hope for Iran’s future success-
ful engagement with these internation-
al partners and for Iran’s plans to pursue 
a robust nuclear power program. I offer
these ½nal recommendations, in interna-
tional, domestic, diplomatic, multilater-
al mechanisms, and technical areas, to
suggest ways forward as Iran seeks to
strengthen and expand its nuclear ½le.

International Issues. An ambitious rein-
vigoration of the grand bargain that was
struck 40 years ago in the npt is needed
to usher in a new era of cooperation on
preventing proliferation. The renewed
grand bargain will need to combine steps
that can be taken immediately alongside
a vision for the longer term. It will also
need to draw in states that are not par-
ties to the npt. Rather than rushing
toward confrontation, with all its risks, 
all sides must put historic antipathies
aside and ½nd face-saving solutions. 
To give the Iranian advocates of com-
promise a chance to succeed, the Unit-
ed States and the other major powers
need to put offers on the table that will
show the people of Iran that nuclear re-
straint and compliance will put their
nation on a path toward peace and 
prosperity.

Article VI of the npt legally obligates
the nuclear-weapons states-parties to
negotiate in good faith toward nuclear
disarmament. At the 2000 npt Review
Conference, those states agreed that 
the Treaty represented an “unequivo-
cal undertaking” to “accomplish the
total elimination of their nuclear arse-
nals.”24 This commitment is an inte-
gral part of the npt bargain, and the
need for the npt to become universal
cannot be stressed enough. Nuclear-
weapons states must recommit to the
vision of a world free of nuclear weap-
ons and take ½rmer steps in that direc-
tion. Iran does support a path toward 
a world free of nuclear weapons. 

Any viable solution needs to meet the
bottom lines of all sides. For Iran, this
means reliable civilian nuclear energy,
defense of its rights under the npt,
maintenance of its pride and techno-
logical development, and assurances
against attack. For the United States 
and Europe, the bottom lines are no
nuclear weapons in Iran; a broad and
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veri½able gap between the nuclear ac-
tivities that would continue in Iran and 
a nuclear weapons capability; and full
Iranian cooperation with veri½cation
(including resolving all questions about
past nuclear activities). The West’s long-
standing complaint about Iran’s other
policies, and Iran’s complaints about 
the West, must be addressed; however, 
it is unlikely that all of these problems
can be solved in an initial nuclear deal.

All participants (including the Unit-
ed States) should assure Iran that they
will not attack or threaten to overthrow
Iran’s government as long as Iran com-
plies with the nuclear deal and does not
commit or sponsor aggression. Such a
pledge is key to changing Iranian per-
ceptions that Iran should retain a nu-
clear weapons option. Iran has already
offered to sign mutual non-aggression
pacts with its neighbors.

Domestic Issues. Iranians have no desire
for international isolation, and the gov-
ernment of Iran is part of, and must be
responsive to, Iranian society. The gen-
eral public does not consider the nucle-
ar issue to be of vital importance. Nucle-
ar technology will do little for the aver-
age Iranian. It cannot create more jobs
for a country that needs 1 million jobs
annually; it cannot change the chronic
low ef½ciency, productivity, and effec-
tiveness of the economy and manage-
ment; and it will do nothing to improve
Iran’s commercial ties with the rest of
the world. Much of Iran’s political elite
does not seem ready to engage in a risky
undertaking that might jeopardize the
very existence of the Islamic govern-
ment. Iran has a track record of ration-
al action over the past 30 years in a tur-
bulent region. 

The result of the presidential election
in June 2009 and its consequences have
changed Iran’s government position,
and President Ahmadinejad may likely

be forced to take a new approach, espe-
cially regarding the nuclear ½le. In addi-
tion, the June election was not so much 
a barometer of support for or against
President Ahmadinejad as it was a stage
in the overhaul of the political system 
in its entirety. The appointment of Ali
Akbar Salehi as head of the aeoi also
shows positive progress toward a com-
promise between Iran and internation-
al organizations such as the iaea. The
choice of Iranian representative in the
next round of talks will be very impor-
tant; many recommendations have sur-
faced for Iran to send Salehi instead of
Saeed Jalili, Secretary of the Supreme
Council on National Security.

There is a lively debate among Irani-
an intellectuals on these very questions.
Emerging from the debate is the sugges-
tion that the government of the Islamic
Republic of Iran, which has survived 30
years without ties with a superpower
and which has withstood various sanc-
tions, would be more stable should it
decide to pursue a rapprochement. It 
is hoped that in the next round of talks
Iran will agree that while it has every
right to enrichment, it will not exercise
this right for the time being, or will do 
so by way of a multilateral mechanism.
This approach would not require Iran to
disavow any of its npt rights to peaceful
nuclear pursuits. Indeed, Iran would rat-
ify the Additional Protocol, and it would
actively cooperate to clear up lingering
questions from the iaea, including vol-
untarily taking steps beyond the Addi-
tional Protocol. This cooperation would
also allow Iranian scientists participation
in international development of cutting-
edge nuclear and non-nuclear energy
technologies that pose little security
risk.

Diplomatic Issues. Iran must take into
account the possible end of diplomatic
isolation by the United States. Despite
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the important role of European players,
Iran’s security concerns and its regional
role in the Persian Gulf, the Middle East,
the Caspian Sea region, and West Asia
could be considered by the United States,
owing to its political and military pres-
ence in the region. The fate of the U.S.
administration is related to the develop-
ment of affairs in Iraq, the Middle East,
Afghanistan, and with energy geopolitics
in general. In all of these ½elds, Iran is a
player. Without signi½cant engagement
between the United States and Iran on
several areas of shared interest–Iraq, the
Taliban and Afghanistan, drug traf½ck-
ing, and al Qaeda–the starting point for
ultimately comprehensive negotiations
would be all but impossible. Direct dia-
logue between the United States and Iran
on security in Iraq, Afghanistan, and the
Persian Gulf, as well as Iran’s ability to
play an even more constructive role in
regional stability, would set the stage 
for a thaw in U.S.-Iran relations.

The P5+1 would continue to be the
main vehicle for the international com-
munity, and would serve as the most
likely avenue to end the nuclear dis-
pute with Iran by diplomatic solution.
Gradual engagement with Iran is the
most reasonable process, beginning 
with eu Foreign Policy Chief Solana 
and then adding the United States and
other P5+1 countries to the talks. It is
also important that Ahmadinejad see
these talks as garnering international
recognition and attention for Iran. 

The other recommendation for up-
grading coordination and also for mon-
itoring Iran’s nuclear activities would
come from companies and corporations
that work with all sectors of nuclear de-
velopment. Iran is trying to normalize 
its nuclear ½le, and one part of this pro-
cess involves interaction between Iran-
ian nuclear companies and their coun-
terparts in other countries.

Sanctions are another area that re-
quires further diplomatic attention. Sanc-
tions of products and goods, such as pet-
rol, are likely to hurt ordinary Iranians
more than government. U.S. threats are
not seen as being directed against Iran’s
government but against Iranians in gen-
eral. 

Multilateral Mechanisms. Should Iran
achieve its stated goals, it could become
a sort of West Asian Japan–that is, a
state without nuclear weapons but pos-
sessing virtually all stages of the nucle-
ar fuel cycle. It should be noted that Ja-
pan, in spite of its incomparable scien-
ti½c and technological capabilities, was
never able to develop and manufacture 
a reliable centrifuge. The result has been
a gap between Japan’s installed capacity
of 1 million swu and its actual produc-
tion of about 300,000 swu. Starting in
2010, Japan plans to reequip its enrich-
ment facilities with a new type of cen-
trifuge.

Multilateral mechanisms should not
create new nuclear haves and have-nots.
International interdependence is already
a fact in the area of nuclear fuel supply,
and it will be increasingly important, 
as most “national” fuel cycle programs
have international elements. Therefore,
for some countries, especially those with
small-scale nuclear programs like Iran, 
it would be more ef½cient to rely on an
international mechanism as a backup 
to fuel procurement through market
mechanisms. Multilateral approaches
may provide an alternative measure for
states to procure nuclear fuels. Further-
more, international interdependence
would help ensure that “national” pro-
grams would not divert into military
purposes, as interdependence could
function as a mutual oversight mech-
anism.

The Iranian initiative to sell fuel can 
be used as a means of exercising indirect
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control over the Iranian nuclear program
as a whole. Should a political decision 
to purchase Iranian fuel be made, for ex-
ample, by European companies, the Ira-
nian nuclear program could move from
the political to the commercial level. A
contract with a Western energy compa-
ny would inevitably include obligations
for Iran to allow iaea control over the
capacities of its factory.

Technical Issues. Iran feels the need to
invest more in the human resources nec-
essary for high-tech industries, especial-
ly the nuclear sciences. The internation-
al community should provide necessary
assistance (both technically and ½nan-
cially) to help Iran meet this need as well
as to share best practice in safety, securi-
ty, and nonproliferation activities. The

international community should also co-
operate with Iran in establishing a regu-
latory framework and administrative ca-
pacities to properly address safety and
liability. 

Finally, nuclear energy would be an ef-
fective means to contain the increase of
CO2 emissions. Relevant mechanisms
therefore should be available for nuclear
energy projects. The creation of a policy
mechanism to incorporate systematical-
ly the promotion of nuclear energy in
efforts to tackle global warming and to
reduce air pollution in Iran (where the
consumption per capita of exhaustible
energies is two-and-a-half times more
than the world average) would be attrac-
tive.
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Concerns about sharp growth in oil
and natural gas prices and shortages of
fossil fuel reserves have led many coun-
tries, including developing countries, 
to express interest in nuclear power. 
An additional factor contributing to the
growth of interest in nuclear power is
essential improvements in reactor tech-
nology. Since the Chernobyl disaster in
1986, for example, the reliability and ef-
½ciency of nuclear power plants (npps)
have grown substantially.

Russia is among the countries that are
pursuing very ambitious programs of
nuclear power development. Russia has
31 commercial power reactors at 10 sites,
with a total generating capacity of about
23 to 24 GWe,1 which provided about 16
to 17 percent of Russia’s electric power 
in 2008. The operating npps include six
vver-440 reactors, nine vver-1000 re-
actors, eleven rbmk reactors, four egp-
6 models, and one bn-600 fast breeder
reactor. The total energy output of Rus-
sia’s units was improved during recent
years, and the capacity factor of its reac-
tors increased from 56 percent in 1998 to
77.7 percent in 2007. 

In 2006, the Russian government out-
lined a long-term Program for the Devel-

opment of Russia’s Nuclear Sector. The
program’s main goal is to respond to
growing annual energy demand and
diminish the share of domestic gas and
oil consumption for electricity produc-
tion. Reductions in domestic gas con-
sumption could give Russia’s state cor-
poration Gasprom the opportunity to
export more gas to the West and thereby
to earn more pro½t. Some of the new nu-
clear power units are designed to power
Gasprom’s commercial enterprises, such
as the npp at Kola Peninsula as well as
floating npps, which will be used for the
development of new gas deposits under
the Arctic Circle. In addition, because
much of Russia’s electrical generating
capacity is coming to the end of its life,
this program is also aimed at the replace-
ment of existing generating infrastruc-
ture, including replacement of Russia’s
aging nuclear generating capacity. The
program calls for nuclear energy to pro-
vide 25 percent of Russia’s electricity
production by 2030 and for the con-
struction of 42 new nuclear reactors.

In April 2007, President Vladimir
Putin signed a decree consolidating 
Russia’s civilian nuclear activities with-
in one giant state-owned corporation,
Rosatom. It incorporates uranium min-
ing, enrichment, nuclear fuel fabrica-
tion, operation of npps, manufacture 
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of large nuclear-related equipment, con-
struction of npps at home and abroad,
and nuclear-energy R&D institutes and
universities. One of its missions is to
compete in the global nuclear market
with other industry giants such as
France’s areva. Rosatom will also try 
to attract investments to help expand
Russia’s domestic nuclear power pro-
duction capacity. 

Rosatom has begun implementing 
a long-term development plan for the
design of advanced nuclear power sys-
tems, the construction of advanced light
water reactors, and the next generation
fast breeder reactors. The overall plan is
comprised of speci½c plans to increase
uranium mining, advance fuel develop-
ment, and expand enrichment services,
manufacturing, and construction capa-
bilities both domestically and within
international partnerships. On Septem-
ber 20, 2008, the Russian government
approved a new program that covers
Rosatom Corporation activity through
the 2009–2015 period. The total cost of
the program is 2.084 trillion rubles (ap-
proximately U.S. $83 billion), of which
1.264 trillion rubles (approximately $50.5
billion) will be provided by Rosatom and
820 billion rubles (approximately $32.8
billion) from the federal budget.2

Seven nuclear units are under con-
struction currently in Russia, four of
them projected to begin operation be-
tween 2009 and 2012.3 According to the
program approved on September 20,
2008, construction of two new vver-
1200 units is to be initiated each year,
starting in 2009. By the end of 2015, 
11 new nuclear power units are to be 
put into operation4 and construction 
is to be initiated on an additional 10.5
Shortages of quali½ed workers and 
rising costs of nuclear construction
could delay the realization of these
plans, however. 

Rosatom is also pursuing a very ag-
gressive program of nuclear power con-
struction abroad. Currently it is build-
ing two vver-1000 light water reactors
at the Koodankulam npp in India, and
one at the Bushehr npp in Iran. Rosatom
has won a tender on construction of two
nuclear power units at the Belene npp in
Bulgaria. On December 5, 2008, Russia
signed a contract with India to construct
four more units at the Koodankulam
npp. According to Vladislav Karagodin,
deputy director of Atomenergoprom,
Rosatom expects to construct 12 power
plants overseas by 2020. Atomstroyex-
port, a Rosatom division responsible 
for construction of civil nuclear facili-
ties abroad, is a leading contender to
build four power plants at the ½rst npp

in Turkey, as well as two power plants 
in Belarus and Armenia. Just recently,
Atomstroyexport signed a contract with
China Nuclear Energy Industry Corpo-
ration (cneic) for constructing two fast
neutron reactors bn-800 in China. It is
expected that construction on the ½rst 
of them will begin in August 2011. Also,
Rosatom is actively negotiating with
Algeria, Argentina, Brazil, Chile, Egypt,
Libya, Malaysia, Mongolia, Morocco,
Namibia, South Africa, and Vietnam 
on the construction of npps.

Beyond 2015, the expansion program 
is more uncertain, chiefly because Ros-
atom is expected to ½nd its own fund-
ing by that time. However, by convert-
ing to a corporation, Rosatom can now
retain its pro½ts from selling power,
building npps abroad, selling nuclear
fuel, and selling uranium enrichment, 
as well as by attracting investments 
from other Russian corporations, like
Gasprom, for building domestic npps.
Continued government construction
subsidies may also be available–if not
from the federal government, then per-
haps from the regional governments.
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Russia’s ½nancial system and econo-
my have not been immune to the cur-
rent global ½nancial and economic cri-
sis, which has reduced its ½nancial re-
serves. As a result, the crisis has made
full realization of Russia’s plans for nu-
clear power development highly uncer-
tain. Rosatom chief Sergei Kiriyenko 
has admitted that Russia’s economic
recession will force an amendment of
the country’s construction schedule 
for new nuclear reactors because of a
drop in domestic electricity consump-
tion.6 At the same time, Prime Minister
Vladimir Putin has declared that Rus-
sia’s plans on nuclear power should not
change, and Russia should put in op-
eration 26 new nuclear power units by
2020.7 Nevertheless, some Russian ex-
perts believe that Rosatom will take eco-
nomic changes into account and might
amend plans for npp construction. 

The global economic crisis will af-
fect the plans of countries that have an-
nounced an interest in nuclear energy,
adding uncertainty about whether many
of them will follow through with their
plans. However, much of the growth in
nuclear power has been in Asia, and this
tendency is unlikely to change with the
economic crisis. The plans of China, In-
dia, and Russia to develop nuclear power
could maintain the global interest in ac-
quiring nuclear energy. And it is reason-
able to expect that some countries that
were less impacted by the economic cri-
sis, particularly countries in the Persian
Gulf region that possess huge ½nancial
resources, will follow through on their
plans. This could result in nuclear pow-
er spreading to an additional dozen
countries.

The anticipated growth of nuclear
power around the world may lead to 
the spread of nuclear fuel cycle tech-
nologies as well. The expectations as-

sociated with a renewed interest in nu-
clear power and the rate of nuclear pow-
er growth in the world may be exagger-
ated; at the very least we can expect that
the growth would occur not immediate-
ly, but over a long period. Nevertheless,
there are de½nite concerns about the im-
plications of nuclear power expansion
for the nuclear nonproliferation regime.
Driving these concerns is a sense that,
beyond interest in nuclear power, devel-
oping countries also have an interest in
retaining their right under the Nuclear
Non-Proliferation Treaty (npt) to pos-
sess nuclear fuel cycle technologies. A
potential spread of nuclear fuel cycle
technologies, especially technologies 
for uranium enrichment and for repro-
cessing spent fuel to separate plutoni-
um, poses a serious concern to the nu-
clear nonproliferation regime because
enrichment and reprocessing capabil-
ities give states the capability to pro-
duce ½ssile materials for weapons.

This is not a new problem. Indeed, as
early as 1946, the Acheson-Lillenthal re-
port declared that proliferation risks are
inherent to the nuclear fuel cycle. If na-
tions engage in fuel cycle activities it in-
creases the risk of:

•  Spread of sensitive technologies from 
declared facilities, resulting in their 
illegal transfer to other entities;

•  Diversion of nuclear materials from 
declared fuel cycle facilities;

•  Running a military program at unde-
clared fuel cycle facilities; and

•  Breakout–that is, withdrawal from 
the npt and the subsequent use of 
safeguarded nuclear facilities for mil-
itary purposes.

The reality of these dangers was recently
demonstrated by North Korea and the
A.Q. Khan network. International Atom-
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ic Energy Agency (iaea) Director Gen-
eral Mohamed ElBaradei has said that
the fuel cycle is the “Achilles heel” of 
the nonproliferation system.8

Some countries have already declared
their right to acquire enrichment and
reprocessing technologies. This right is
in fact secured for countries party to the
npt. The npt does not restrict peaceful
development and use of nuclear power;
Article IV of the Treaty asserts, “Noth-
ing in this Treaty shall be interpreted 
as affecting the inalienable right of all
the Parties to the Treaty to develop re-
search, production and use of nuclear
energy for peaceful purposes.” 

However, in ensuring the right to
peaceful use of nuclear energy, the npt

also imposes speci½c obligations upon
its member states. In accordance with
Article II of the npt, “Each non-nuclear-
weapon State Party to the Treaty under-
takes not to receive the transfer from any
transferor whatsoever of nuclear weap-
ons or other nuclear explosive devices 
or of control over such weapons or ex-
plosive devices directly, or indirectly. ”
Article III requires that each Treaty par-
ticipant state “undertakes to accept safe-
guards . . . for the exclusive purpose of
veri½cation of the ful½llment of its obli-
gations assumed under this Treaty with 
a view to preventing diversion of nucle-
ar energy from peaceful uses to nuclear
weapons.”

The right to develop the nuclear fuel
cycle, afforded by the npt, is considered
by some to be a loophole in the nonpro-
liferation regime. This loophole, and re-
cent violations of commonly accepted
obligations by certain countries, raises
questions about the npt’s capacity to
protect international security adequate-
ly from threats that may occur.

It would be wrong to blame the au-
thors of the npt for this loophole. Over
the four decades that have passed since

the npt ½rst came into effect, the world
has changed dramatically. The npt to 
a large extent was initially intended to
prevent creation of nuclear weapons by
industrially advanced countries such as
West Germany, Italy, Sweden, Switzer-
land, South Korea, Taiwan, and others,
while simultaneously providing them
the bene½t of peaceful nuclear use and
security guarantees. When the npt was
being negotiated in the 1960s, hardly
anyone could have imagined that, with
time, the main actors in proliferation
and the dangers arising from it would
come to be those countries that had re-
cently become liberated from Europe’s
colonial dominion (at the time called
“developing” or “third-world” coun-
tries) and also non-state entities–
namely, terrorist organizations.

Considering that objective forces 
are compelling more and more coun-
tries to turn to nuclear energy to satisfy
their energy needs, and that they have
the right to develop the nuclear fuel
cycle, it is necessary to search for solu-
tions that, on the one hand, would pre-
vent proliferation of sensitive nuclear
technologies and, on the other hand,
would ensure interested countries guar-
anteed access to external sources of nu-
clear fuel cycle services and products.

In light of the expected broad utiliza-
tion of nuclear power, the strengthening
of the nonproliferation regime should be
sought in two ways. One way presuppos-
es that states abandon plans to acquire
uranium enrichment and spent nuclear
fuel reprocessing technologies if they do
not possess them already. However, this
proposal has practically no chance to be
realized, at least not in the near future.
Furthermore, attempts to implement it
at present would be counterproductive
to strengthening the nonproliferation
regime, since it would require amending
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the npt. In other words, the npt would
have to be “reopened,” and another dis-
criminatory division among npt mem-
ber states–countries permitted to have
the nuclear fuel cycle and those not–
would have to be created in addition to
the nuclear- and non-nuclear-weapons
countries division that already exists.
Considering the unwillingness on the
part of most non-nuclear states to un-
dertake additional restrictions, it is dif½-
cult to expect that the negotiations pro-
cess, involving participation from all 
140 npt member states, would be suc-
cessful. Many countries believe that re-
strictions on development of technolo-
gies should be universal for all npt par-
ticipant states, and should not permit
some to develop technologies while pro-
hibiting others. For example, Canada
has no enrichment plants at present,
although it is considering the possibili-
ty of creating an enrichment facility for
production of low-enriched uranium 
for its candu reactors. Brazil, which
does have an active enrichment pro-
gram, would be permitted to have it.
Efforts to create and enforce this fur-
ther division would do more to weak-
en the npt than it would to strengthen
it. As the example of Iran shows, addi-
tional division of states into those per-
mitted to have enrichment and repro-
cessing and those forbidden not only
undermines the unity of npt member
countries, but also facilitates develop-
ment of a black market for nuclear 
technologies.

The second way to strengthen the re-
gime entails switching to innovative
nuclear power technologies that could
sustain the nonproliferation regime by
means of inherent physical and techno-
logical properties. This would require
development of new types of power re-
actors and the fuel cycles for them. To
this end, work is presently being con-

ducted through a number of interna-
tional programs, including the Inter-
national Project on Innovative Nucle-
ar Reactors and Fuel Cycles (inpro), 
Generation IV, and gnep+anfc. How-
ever, progress has been slow in these
programs, and the possibilities for the
creation and use of such innovative
nuclear technologies lie in the distant
future. Therefore, the expansion of nu-
clear power in the world, even if start-
ed by 2020 to 2025, will be based on the
use of light water reactors and existing
fuel cycle technologies. Taking into ac-
count the current trend toward increas-
ing the operational lifetime of nuclear
power reactors up to 60 or 70 years, it
becomes obvious that there is a need 
to ½nd such solutions that could work
during a period of at least a century.

In the view of Russian experts, efforts
to prevent the spread of enrichment and
reprocessing technologies as it relates to
the broad expansion of nuclear power
should be focused on: 

•  Creating international institutional 
barriers;

•  Providing assurances of nuclear fuel 
supply and services; and

•  Offering various incentives to new-
comer countries from advanced coun-
tries supplying nuclear technologies 
and services.

Taken together, these measures, while
not creating legal obstacles for develop-
ment and use of nuclear power by new-
comer countries, would induce them
voluntarily to renounce acquisition of
nuclear fuel cycle technologies.

Institutional barriers. Institutional bar-
riers require newcomer countries to ad-
here to a number of binding obligations,
without which they cannot expect to get
assistance from the nuclear technology
supplier countries in developing their
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plans for nuclear power. Such obliga-
tions may include:

•  Acceptance and rati½cation of the 
Additional Protocol (1997) with the 
iaea on application of advanced 
safeguards;

•  Joining the Vienna Convention on Civ-
il Liability for Nuclear Damage; and

•  Creating the legislative basis and orga-
nizational infrastructure necessary for 
operation of a npp. 

A document titled “Milestones in the
Development of a National Infrastruc-
ture for Nuclear Power” was published
by the iaea in 2007. It enumerates the
basic infrastructural elements that a
state desiring to use civilian nuclear en-
ergy should have. The iaea makes the
decision about a country’s readiness to
develop nuclear energy, taking into ac-
count a country’s success in implement-
ing these infrastructural elements. To
keep newcomer countries from perceiv-
ing these requirements as the creation 
of another discriminatory regime, it 
will be expedient for nuclear states to
extend the provisions of the 1997 Ad-
ditional Protocol to their own entire 
civil nuclear infrastructures.

Assurances of nuclear fuel supply and 
services. Among the various driving
forces behind countries’ intentions 
to acquire nuclear fuel cycle technolo-
gies, energy security should be consid-
ered the most serious. Therefore, any
reasonable and reliable measures in pre-
venting the spread of sensitive nuclear
fuel cycle technologies should rely on
guaranteed supplies of an entire list of
products and services for the civil nu-
clear fuel cycle, and especially should
provide credible access to enrichment
services. Without providing these guar-
antees it will be dif½cult to expect that
states (especially those considered

“problematic”) be willing to forgo indig-
enous enrichment capabilities.

It must be noted that from the very be-
ginning of nuclear power utilization the
uranium and nuclear fuel market has
demonstrated high standards of supply
reliability. However, the risk of consum-
ers not receiving nuclear fuel cycle ser-
vices from the market remains, mainly 
if supplies are curtailed for political rea-
sons. Therefore, it is necessary to create
the conditions in which any country that
strictly follows its obligations to comply
with the nonproliferation regime should
be able to obtain reliable guarantees of
reasonably priced supply of fuel cycle
services.

In the view of iaea Director Gener-
al ElBaradei, these assurances could 
be made possible through the establish-
ment of multilateral fuel cycle centers,
where enrichment and reprocessing ac-
tivity would be carried out under mul-
tinational control.9 The World Nucle-
ar Association (wna) Working Group
has concluded that a potential strategy
aimed at avoiding the spread of sensi-
tive technologies should include “a cred-
ible assurance of access to enrichment
and reprocessing services” through the
strengthening of the existing world mar-
ket and, in the longer term, “through 
the establishment of multilateral nucle-
ar fuel cycle centers.”10

During the past several years, a num-
ber of proposals for realizing this strate-
gy have been suggested, including:

•  International fuel supply guarantees 
(the initiative of six countries: France, 
Germany, The Netherlands, Russia, the 
United States, and the United King-
dom);

•  Creation of enriched uranium reserves 
(a fuel bank) under the auspices of the 
iaea (proposed by the Nuclear Threat 
Initiative in 2006 and subsequently 
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endorsed by a Russian initiative in 
2007); and

•  Creation of a mechanism for the mul-
tilateral nuclear fuel cycle (proposed 
by iaea Director General ElBaradei), 
which may be realized both by convert-
ing existing national nuclear fuel cycle 
enterprises into enterprises under mul-
tinational control (the enrichment 
plant in Angarsk, for instance) and by 
creating new regional multinational 
centers. For example, for countries in 
the Paci½c and South Asian regions 
such a center could be created in Aus-
tralia, which possesses considerable 
natural uranium reserves. Another cen-
ter could be created for the countries 
of the Greater Middle East.

In January 2006, President Putin pro-
posed a Global Nuclear Infrastructure
Initiative. The key objectives of the Ini-
tiative are strengthening the nonprolif-
eration regime and providing ensured
nondiscriminatory access to nuclear en-
ergy from all interested parties through
the establishment of a network of inter-
national centers providing nuclear fuel
cycle services (including uranium en-
richment) that would be placed under
iaea control.11 Within the framework
initiative, Russia, jointly with Kazakh-
stan, has established the International
Uranium Enrichment Center (iuec).
Subsequently, Russia also offered to
include the iuec in the list of Russian
facilities that could be placed under
iaea safeguards, per the safeguards
agreement between the Russian Fed-
eration and the iaea.12

The Angarsk enrichment plant, which
has never produced highly enriched ura-
nium, is currently the smallest of Rus-
sia’s enrichment plants, with a capacity
of only 2.5 million separative work units
(swu)/year. Including the new capacity

associated with the Russian-Kazakh
joint venture and additional proposed
expansion, however, it could reach 10
million swu/year by 2015. Foreign
shareholders will have a right to par-
ticipate in the center’s management,
including by having access to all infor-
mation about prices and contract pro-
visions. They will also be able to con-
tract for deliveries of enriched urani-
um or enrichment services, and re-
ceive a share of the pro½ts. They will
not, however, have access to enrich-
ment technology.

The iuec was legally established 
as a joint-stock company in 2007 on 
the basis of the Angarsk enrichment
plant. The iuec is open to participation
from any npt member state that meets
nuclear nonproliferation requirements
and shares a commitment to the center’s
objectives. Companies in new member
countries are joining the iuec on the ba-
sis of separate intergovernmental agree-
ments between the Russian Federation
and the country where each company is
located. Currently, a Russian company,
tenex, has 90 percent of shares; a Ka-
zakh company, nac Kazatomprom, has
10 percent. The plan is that, over time,
Russia’s shares will drop as new mem-
bers join. The eventual redistribution 
of shares in the iuec is expected to be:
Russia’s tenex, 51 percent; Kazakh-
stan’s nac Kazatomprom, 10 percent;
and companies in new member coun-
tries, 39 percent. 

Up to now, only Armenia and 
Ukraine have expressed interest in 
joining the iuec, with each buying 
10 percent of shares. (Their process of
joining the iuec through an exchange 
of notes has been initiated but not yet
½nished.) Russia invited Tehran to par-
ticipate in the iuec as an alternative to
an indigenous Iranian enrichment capa-
bility, but Iran rejected this offer. Also,
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Russia has extended an offer for India to
participate in the iuec, to help the coun-
try secure guaranteed fuel supplies in the
future.

Offering various incentives. These early
proposals are, in different ways, aimed at
the supply side; neither of them touches
on the pro½t motive. It has become appar-
ent that it is also necessary to use mech-
anisms that induce customers, from an
economic standpoint, to renounce ac-
quisition of their own nuclear fuel cycle
technologies. This can be done by:

•  Offering ½nancial aid and aid in creat-
ing a nuclear power infrastructure;

•  Supplying reactors for use in black-
box mode (for example, supplying low-
capacity reactors for desalinating sea-
water [floating power plants]); and

•  Offering packaged contracts. 

Such contracts would link the supply of
power reactors inseparably with supply
of fresh fuel and take back of spent fuel
for the reactor’s operating life. Contracts
that would include removing spent fuel,
as well as providing other back-end serv-
ices, would create far stronger incentives
to rely on international mechanisms for
fuel supply. The attractiveness of such
practices for newcomer countries is not
only the fact that they could have guar-
anteed supply of fresh fuel, but also that
they are freed from the problems of dis-
posing of spent fuel, which otherwise
presents serious obstacles to national
nuclear power development programs. 

The contract for construction of the
Bushehr npp in Iran by the Russian
company Atomstroyeksport serves as 
an example of a package agreement to
promote nuclear power while minimiz-
ing proliferation risks. The construction
of the Bushehr npp was initiated by the
German company Siemens in 1975, but

was stopped after the Islamic revolution 
and the Iran-Iraq War. Since then, the
United States, convinced that Iran is try-
ing to develop a nuclear weapons capa-
bility under the cover of a civil nuclear
program, has undertaken efforts to con-
vince nuclear suppliers to refrain from
providing any nuclear assistance to Iran
and has placed an embargo on supplying
high-tech sensitive technologies to Iran.
However, Russia, arguing both that each
npt member country has a right to de-
velop and use nuclear power for civil pur-
poses and that the Bushehr nuclear pow-
er project posed no proliferation risk,
decided to help Iran in its completion,
despite U.S. pressure not to do so.

In January 1995, the Russian compa-
ny Zarubezhatomenergostroy signed a
contract with the Iranian organization
on nuclear power to complete construc-
tion of a light water reactor at Bushehr.
Russia also agreed to supply Iran with
one nuclear power unit vver-1000 and
the nuclear fuel for it, and to train Iran-
ian specialists to service the reactor. But
under U.S. pressure, the Russian govern-
ment has blocked cooperation with Iran
on some sensitive nuclear technologies,
including assisting in building a centri-
fuge enrichment plant. 

After details of Iran’s clandestine nu-
clear activities were revealed in 2002,
Russia conducted dif½cult negotiations
with Iran, resulting, in February 2005, 
in a new agreement between the coun-
tries. Under this agreement, Russia will
supply fresh uranium fuel throughout
the Bushehr reactor’s ½rst 10 years. For
its part, Iran will return the resulting
spent fuel to Russia for ½nal disposal.
Together, these two parts of the agree-
ment minimize Iran’s need to enrich 
its own uranium as well as eliminate
Iran’s opportunity to reprocess spent
fuel and use extracted plutonium in nu-
clear weapons. Additionally, through
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Russia’s insistence, the two countries
agreed that any transfers to the Bushehr
reactor will be placed under iaea safe-
guards. 

Iran informed the iaea that the Bush-
ehr reactor was due to begin operation
by the end of 2009, but recently it was
announced that launching Iran’s Bush-
ehr nuclear power plant is scheduled 
for March 2010. During 2007 to 2008,
Russia delivered 82 tons of nuclear fuel
(with enrichment between 1.6 and 3.6
percent U-235) to the Bushehr reactor.
The fuel was expected to be loaded into
the reactor during the second quarter 
of 2009.

It seems that practical implementation
of all these measures will require contin-
uous efforts over a long period of time.
But this strategy, if endorsed by all npt

states in a way that takes into account
the national legislations as well as the
international obligations of advanced
nuclear countries but that does not re-
strict the rights of newcomer countries,
could provide newcomers with a real
advantage in implementing plans to 
use nuclear energy in responding to 
their energy needs.
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The global nuclear order is chang-
ing, but where is it headed? Will the
expected expansion of nuclear power 
in many regions around the world lead
to increased dangers of nuclear terror-
ism and increased risks of nuclear weap-
ons proliferation? As we noted in our
introduction in volume 1,1 the common
answer provided by the diverse interna-
tional group of contributors to this two-
volume special issue of Dædalus is that 
it depends: it depends on how quickly
and how widely nuclear power spreads
to new countries; it depends on the do-
mestic political and governance charac-
teristics of the new nuclear power states;
it depends on whether terrorists’ plans
to attack nuclear sites or steal nuclear
materials succeed or fail; and, crucial-
ly, it depends on the steps taken by the
international community to improve 
the safety mechanisms, physical protec-
tion standards, and nonproliferation
safeguards that make up the tapestry 
of agreements that we call the nonpro-
liferation regime.

Our colleagues have laid out a rich
menu of steps that could strengthen 
the nonproliferation regime. We hope
that governments around the world 

will listen to the ideas offered by these
scholars, industry leaders, and former
of½cials about how best to gain the ben-
e½ts of nuclear energy while minimiz-
ing the security risks that are inherent 
in the spread of nuclear power. But we
know from studying the history of nucle-
ar power and proliferation that not all
good ideas are adopted over time, and
that wise policies and potential con-
structive compromises among conflict-
ing interests do not always triumph. 

Our crystal ball is not clear enough 
to predict with con½dence whether the
global nuclear future will be character-
ized by peace and prosperity or by con-
flict and destruction. But we do believe
that the choices made in the coming 
few years will be crucial in determin-
ing whether the world can have more
nuclear power without more nuclear
weapons dangers in the future. Here 
we ½rst briefly outline ½ve major secu-
rity challenges posed by the potential
expansion and spread of nuclear power.
Second, we discuss the major players
whose decisions and interactions will
determine which policies are adopted
and which are rejected as the interna-
tional community seeks solutions to
these ½ve security challenges. Finally, 
we sketch a number of alternative nu-
clear futures to demonstrate the truly
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momentous nature of the political 
and technical decisions that will soon 
be made by critical national and inter-
national actors. 

What speci½c challenges to interna-
tional security are created by the antici-
pated expansion and spread of civilian
nuclear power? Five serious, interrelat-
ed problems appear on the horizon:
safety, sabotage, terrorist theft or pur-
chase of a weapon or nuclear materials,
nuclear weapons proliferation, and de-
struction of nuclear facilities in a con-
ventional war. Each of these challenges
must be addressed if the global expan-
sion of nuclear power is to evolve in
desirable directions.

First, will it be possible to ensure 
that high levels of safety are created 
and maintained in each new power 
plant as nuclear power spreads? Even
the most established and experienced
nuclear power states–including the
United States, Japan, and Russia–have
had accidents in their nuclear facilities.
As Richard Meserve notes in his essay 
in volume 1, these incidents led to the
creation of both safer reactor technol-
ogy and national and international in-
stitutions, such as the Institute of Nu-
clear Power Operators (inpo) and 
the World Association of Nuclear Op-
erators (wano), to encourage organi-
zational learning and best safety prac-
tices.2 The stakes here are high, for
unless the nuclear power newcomers 
do even better in maintaining safety
than did previous new nuclear power
states, we can expect periodic minor
accidents and rare but occasional seri-
ous incidents. Rapid construction of
power plants, weak national regulatory
systems, and shortages of trained per-
sonnel may exacerbate concerns about
safety in the future. Constant vigilance
and a high degree of cooperation among

all governments and operators will be
necessary, as a major accident anywhere
would have global repercussions.

Second, will adequate standards 
for the protection of nuclear facilities
against sabotage be adopted and imple-
mented as nuclear power spreads? Sab-
otage can be a gray area since it could be
initiated by a disgruntled worker strik-
ing out against his or her employer but
not meaning to harm coworkers; by an
anti-nuclear environmentalist seeking 
to shut down a power plant; or by a ter-
rorist organization seeking to create a
release of radiation and spread fear and
panic. All three of these scenarios have
occurred in the past, and we see no rea-
son to expect that future sabotage at-
tempts can be eliminated entirely. For-
tunately, some measures, such as strong
containment vessels and effective person-
al reliability programs, protect against
both accidents and sabotage. The pro-
tection of nuclear installations has al-
ways been a concern, but the revelation
that the 9/11 al Qaeda aircraft hijackers
initially considered crashing a jumbo jet
into a nuclear power plant heightened
the alarm. Continued terrorist interests
in targeting nuclear power plants–to
create panic, economic damage, and ci-
vilian casualties–was demonstrated in
the “Toronto 18” case in 2006, in which
an Islamic fundamentalist group ap-
parently planned a truck bomb attack
against a nuclear power plant in Ontario.3

Third, will there be adequate stan-
dards of physical protection against 
a terrorist theft or purchase of a nuclear
weapon or the materials necessary to
make a nuclear bomb or radiological
device? Former International Atom-
ic Energy Agency (iaea) Director Gen-
eral Mohamed ElBaradei has highlight-
ed this danger: “The gravest threat the
world faces today, in my opinion, is that
extremists could get hold of nuclear or
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radioactive materials.”4 The urgency 
of the physical security problem is well
established, as al Qaeda leaders, includ-
ing Osama Bin Laden, have announced
their desire to get nuclear weapons and
al Qaeda operatives, such as the British
terrorist Dhiren Borat, have been appre-
hended with plans on how to make and
use radiological “dirty bomb” devices.5
Yet as Matthew Bunn points out in his
essay, there is currently no internation-
al agreement about what physical pro-
tection standards are considered ade-
quate and how much spending is justi-
½ed in the name of physical security.6
For some nuclear utilities, security ac-
tivities too often are seen as a trade off
against pro½t, even though in the long
term strong security can prevent suc-
cessful terrorist incidents that would 
be incredibly harmful to both compa-
ny pro½ts and national security. Even 
in the United States, with more than six
decades of nuclear experience, there is
still intense and unsettled debate about
whether existing standards of physical
security are suf½cient given the threats
that are now thought to exist. As nucle-
ar facilities are built in more states, es-
pecially in countries that may have high
degrees of corruption and poor regulato-
ry competence, it will be crucial to pro-
mote better international standards and
implementation of strong physical secu-
rity measures. New international institu-
tions, such as the World Institute for Nu-
clear Security (wins), will need to play
an absolutely critical role in promoting
best physical security practices between
the existing nuclear power states and
new states that construct nuclear pow-
er plants. 

Fourth, will the spread of nuclear pow-
er lead to further nuclear weapons prolifer-
ation? The link between nuclear power
and nuclear weapons has been a serious
worry throughout the nuclear age. The

expansion of nuclear power can lead to
the dissemination of expertise and tech-
nology that is useful in the weapons con-
text. This will be true particularly if nu-
clear newcomers acquire the full pano-
ply of technology associated with nucle-
ar power, including fuel cycle technolo-
gies that have direct weapons applica-
tions. This risk can be limited if the ac-
quisition of uranium enrichment or plu-
tonium reprocessing technologies is dis-
couraged or prohibited. These technolo-
gies are, however, also indispensable for
the production of fuel for nuclear reac-
tors. Hence, states have to be persuaded
that reliable external sources of supply
exist before they will agree to forsake the
option of national fuel cycle capabilities.
States that doubt whether they can trust
international suppliers of reactor fuel
(whether commercial or multinational)
are more likely to think it necessary to
acquire their own fuel cycle infrastruc-
ture–which means that they will pos-
sess a latent nuclear weapons capabil-
ity. The more states that acquire their
own national enrichment or reprocess-
ing capability, the more worrisome the
nuclear future will be. 

Fifth, there is legitimate concern that 
a nuclear power plant could be attacked
during a conventional war, potentially lead-
ing to an environmental catastrophe, if,
for example, the containment vessel was
breached or the spent fuel was attacked
and dispersed. Fortunately, some states
are acutely aware of this danger and have
attempted to mitigate it: India and Paki-
stan, for example, have agreed not to tar-
get each other’s nuclear facilities in the
event of armed conflict and, as a con½-
dence-building measure, routinely ex-
change information about their com-
mercial nuclear facilities. Other states,
in contrast, have engaged in dangerous
attacks during conflicts: during the 1991
Gulf War, for example, Iraq launched a

Steven E.
Miller &
Scott D.
Sagan
on the 
global
nuclear
future

Book_Wi2010:Daedalus.qxd  12/8/2009  12:34 PM  Page 128



scud missile attack against the Dimona
nuclear reactor in Israel, but fortunately
lacked the accuracy to hit the intended
target. Future “no-targeting” agreements,
like the con½dence-building measures
that India and Pakistan have signed, be-
tween new states that have both nuclear
power plants and an enduring military
rivalry, may be useful.

These ½ve challenges are not the only
consequential questions associated with
the growth of nuclear power. Questions
of ½nance, of nuclear waste, and of hu-
man capital are also important and will
have great bearing on decisions about
whether states pursue or expand nucle-
ar power, by how much and how quick-
ly. But from a global security perspec-
tive, the degree to which the future nu-
clear order promotes safe, secure, prolif-
eration-resistant, and effectively moni-
tored and governed nuclear power is of
paramount importance. 

Given these concerns, there are some
experts (including some in this special
issue7) who oppose the further spread 
of nuclear power on security grounds.
There are other experts (again including
some in this special issue8) who are skep-
tical about the wisdom of expanding nu-
clear power worldwide, on grounds that
other renewable energy resources will 
be more effective in combating global
climate change. Here we are agnostic 
on the question of whether there should
be an expansion and spread of nuclear
power in the future. Instead, we simply
assume that there will be some degree of
growth in the use of nuclear energy, in-
cluding some new states acquiring nu-
clear power plants. Who will determine
which states acquire nuclear technolo-
gy and how the resulting security con-
cerns are addressed? The fact is that the
Nuclear Non-Proliferation Treaty (npt)
regime is, ½rst and foremost, a system of

states. Within the governments of those
states, however, there are often diverse
bureaucratic and political interests af-
fecting nuclear issues. And within those
states, the innovators, the providers, the
owners, the operators, the sellers, and
the exporters of nuclear technology are
often found in the private sector.

Accordingly, it is in central govern-
ments and corporations around the world
where the fundamental decisions are be-
ing made that will play the largest role in
shaping the future global nuclear order.
To be sure, these decisions are not whol-
ly independent of one another. The rel-
evant actors are often influenced by the
nuclear policies and programs of others.
They are often at least indirectly connect-
ed and constrained by varying levels of
engagement with the international nucle-
ar marketplace. They are typically par-
ticipants in the international institutions
created to provide some structured gov-
ernance of the world’s nuclear affairs–
whether the iaea and the Nuclear Sup-
pliers Group (nsg) for states or wano

for corporations. They all operate in the
context of existing treaty obligations, le-
gal constraints, regulatory requirements,
export control guidelines, and norma-
tive expectations, however imperfectly
the rules-based regime may operate at
times. And in a substantially integrated
and highly mobile globalized world, the
intellectual infrastructure for thinking
about nuclear power and nuclear weap-
ons can spread worldwide and produce
many common or overlapping frame-
works for addressing nuclear issues.
Rarely will nuclear decisions be made 
in complete isolation from these wider
realities.

Within this web of potential con-
straints and influences, however, gov-
ernments and companies will decide 
and act on the basis of their own self-
de½ned perceptions, preferences, pol-
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icies, and calculations of self-interest.
They will make their own judgments
about the desirability or unattractive-
ness of nuclear power as a component 
of their overall approach to energy.
Their choices will determine how fast
and how widely nuclear power expands
and spreads. As part of its long-term
energy strategy, China, for example, 
has chosen to pursue a policy that will
more than double its nuclear power ca-
pacity within a decade and that aims 
to increase that capacity by ½vefold or
sixfold by 2050. (China currently has 17
nuclear power reactors under construc-
tion.) Countries such as Egypt, Jordan,
and the United Arab Emirates have al-
ready decided to acquire nuclear power
plants and other regional powers may
follow suit, with the result that the Mid-
dle East will become a much more nu-
clear region.9 Similar decisions by other
states (so-called nuclear aspirant states)
will gradually but eventually change the
strategic geography of nuclear power on
a global scale. 

States and ½rms will also determine,
within the constraints of the politicized
international nuclear marketplace,
which technology paths to follow in de-
veloping their nuclear programs. A cru-
cial question for the future is whether
the spread of nuclear power reactors will
be accompanied by the spread of sensi-
tive fuel cycle technologies that can pro-
duce bomb material as well as reactor
fuel. There may be international norms
and pressures against the acquisition of
such worrisome technologies, but ulti-
mately states will choose for themselves.
For example, proponents of the nonpro-
liferation regime have long argued that
countries like Iran or Brazil do not need,
and should not seek, independent urani-
um enrichment capabilities; however,
both of those governments, at least thus
far, have decided otherwise. Similarly,

the feasibility of proposed internation-
al or multinational nuclear fuel cycle ar-
rangements intended to discourage the
spread of sensitive weapons-usable tech-
nologies will depend on whether states
embrace or reject such schemes. Wash-
ington, for example, may believe that it
is a good idea for Iran to have its nucle-
ar fuel produced in Russia or Western
Europe, but Tehran has yet to ½nd the
proposal acceptable.

In short, national governments play
the central role in shaping the gover-
nance of global nuclear affairs. They
decide which rules to accept and which
to reject, which to respect and which to
violate, which are enforced and which
are ignored. Whatever constraints or re-
strictions for strengthening the npt re-
gime may seem obvious or desirable to
the international community of nonpro-
liferation experts, they have no hope of
acceptance unless they are found agree-
able by the overwhelming majority of
states. Similarly, the iaea is an interna-
tional organization comprised of mem-
ber states that provide its funding, over-
see its policies, and determine its pow-
ers. If the iaea is to be given additional
resources and greater investigative pow-
ers, it will be because states have agreed
that this should happen. 

Within those states, however, differ-
ent actors often hold different views
about which nuclear policies their gov-
ernments should adopt at home and
support abroad. The evolving nonprolif-
eration regime will therefore be strong-
ly influenced by whether supporters of
international cooperation and compro-
mise or supporters of national fuel cycle
facilities win the debate at home. For-
tunately, in many states the central gov-
ernment and industry leaders are com-
mitted to the cause of nonproliferation
and will act in support of a stronger 
npt regime. 
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Six conclusions follow from this analy-
sis. First, as nuclear power spreads, a
growing number of states will become
active players in the npt system. Their
investment in nuclear power will mean
that they can be directly affected by the
functioning of the regime. Moreover,
they will be different states. Once, nu-
clear power was, with a few exceptions,
found in the wealthy industrial nations:
the United States, Japan, France, and
Britain, among others. In the future,
many developing countries–Egypt, 
Iran, Malaysia, Indonesia, and many
others–will be in the nuclear power
club and will have interests to be de-
fended in the npt regime. Their views
will no doubt sometimes be different
from those of the established nuclear
power states. The mix of states active 
in npt diplomacy will be different than
in the past, and these states’ decisions
will help determine the future global
nuclear order.

Second, in an npt system of 189 states
that relies on voluntary commitments 
by members and that operates general-
ly on a consensus principle, inclusive di-
plomacy is an imperative if progress is 
to be made. States need to be persuaded
that new rules or reinterpreted norms
are desirable and in their interests. The
perceptions and preferences of nuclear
newcomers need to be understood and
taken into account; outreach is essential.
States need to believe that they have a
stake and a voice in the system or they
are unlikely to invest much effort in pre-
serving and strengthening it. This need
for broad participation and cooperation
is why occasions such as the periodic
npt Review Conferences are so impor-
tant, despite all their well-known dif½-
culties and problems. They represent 
the sort of inclusive diplomacy that 
is necessary if the npt regime is to 
be strengthened and if states are to 

be convinced to choose nuclear policies
that are compatible with the needs of the
npt system.

Third, any deviations from the prin-
ciple of consensus within the npt re-
gime must be perceived by the majority
of states as being legitimate if they are 
to be effective. This is true regarding
both new interpretations of npt rules
and any future efforts to enforce them.
As Jayantha Dhanapala’s essay in this
volume suggests, it is possible that fu-
ture npt Review Conferences may 
adopt a resolution to strengthen the 
npt regime, overriding the votes of 
one or more member states; this could
be highly disruptive unless there are
widespread perceptions that any such
resolutions are fair and legitimate.10 In
his April 2009 speech in Prague, Presi-
dent Obama also emphasized the im-
portance of enforcing nonproliferation
commitments: 

Rules must be binding. Violations must 
be punished. Words must mean some-
thing. The world must stand together to
prevent the spread of these weapons.11

Enforcement decisions, in the un or in
other international institutions are, al-
most by de½nition, not consensus deci-
sions, since those states being punished
will dissent. The degree to which the
vast majority of states, however, views
any resulting sanctions or military ac-
tions as legitimate and fair enforcement
of commitments (as opposed to being
raw coercion) will help determine wheth-
er the act strengthens or weakens the
overall npt regime in the long term. 

Fourth, the points discussed so far
highlight the importance of the iaea

and other international organizations.
Will the iaea be able to cope effective-
ly with a world in which there is more
nuclear technology spread across more
countries? In the design of the nonpro-
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liferation regime, the iaea is intended 
to play a crucial role in reassuring the
international community that civil nu-
clear programs are not contributing to
weapons acquisition. Through a scheme
of inspections and safeguards, the iaea

is meant to bring transparency to the
world’s peaceful nuclear activities and
thus to serve as a buffer between peace-
ful nuclear programs and possible de-
velopment of nuclear weapons. Across
time, the iaea increasingly has been ex-
pected to ful½ll the additional role of in-
vestigating concerns about the possible
existence of clandestine nuclear weap-
ons programs, an issue of obvious im-
portance in judging compliance with 
the npt. The iaea attempts to perform
these pivotal roles with limited (many
would say inadequate) resources and
many political and legal constraints on
its ability to act. In his remarkably can-
did farewell address, iaea Director 
General ElBaradei stated, “Our ability 
to detect possible clandestine nuclear
material and activities depends on the
extent to which we are given the neces-
sary legal authority, technology, and
resources. Regrettably, we face continu-
ing major shortcomings in all three areas,
which, if not addressed, could put the entire
nonproliferation regime at risk.”12 As nu-
clear power spreads, the iaea’s chal-
lenge will become even more demand-
ing and the shortfalls could become 
even more acute. A crucial question 
for the future of the nuclear order is
whether the member states that fund 
the iaea and determine its legal man-
date will be prepared to strengthen the
Agency so it is adequate to its responsi-
bilities in a more nuclear world. If not,
one of the principal barriers between
energy production and weapons pro-
grams will be seriously weakened. 

Fifth, an important determinant of
future proliferation will be the degree to

which the spread of the nuclear power
industry produces civilian nuclear pow-
er bureaucracies in different states that
want to maintain peaceful programs and
oppose turning civilian energy programs
into nuclear weapons programs. Indeed,
how best to ensure that civilian nuclear
power bureaucracies maintain a strong
interest in opposing nuclear weapons
proliferation may be the $64,000 ques-
tion for estimating the effect of the glob-
al spread of nuclear power on the likeli-
hood of nuclear weapons proliferation.
This is ironic, for although some non-
proliferation specialists may not want
more countries to start nuclear power
programs, once those states do so, it 
will be important for nonproliferation
that their nuclear power programs are
successful. The leaders and bureaucrat-
ic organizations that run successful nu-
clear power enterprises will want to
maintain strong ties to the global nucle-
ar power industry, to international capi-
tal and technology markets, and to glob-
al regulatory agencies–and hence will
be more likely to cooperate with the nu-
clear nonproliferation regime. Leaders
of less successful or struggling nuclear
power enterprises, in contrast, might 
be more likely to support clandestine or
breakout nuclear weapons development
programs as tools to justify their exis-
tence, prestige, and high budgets with-
in their state. Research on Japan and
South Korea, for example, has shown
that the liberalizing governments sup-
ported maintaining their close relation-
ship to global markets and institutions
and that this decision influenced the
capability and willingness of nuclear
bureaucracies to push for weapons pro-
grams. In the case of India, by contrast,
the power and autonomy of the state’s
“strategic enclave,” coupled with the
record of failure in producing nuclear
energy, strongly encouraged the leaders
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of India’s nuclear bureaucracies to lobby
Indira Gandhi to test a weapon in 1974,
to encourage the Bharatiya Janata Party
(bjp) to test another set of weapons in
1998, and to oppose constraints on their
ability to test new nuclear weapons
today.13

Sixth, and ½nally, a critical factor 
shaping our nuclear future will be wheth-
er leaders in the non-nuclear-weapons
states (nnws) see the npt merely as an
effort to get the nuclear-weapons states
(nws) to disarm, or whether they con-
ceive of the npt as a solution to a col-
lective action problem. This clearly was
part of how leaders conceived of the npt

when they signed and rati½ed it in the
late 1960s and subsequently. The Treaty
and the iaea inspection regime it creat-
ed were valued because they provided a
sense of con½dence that other states in
the region were not developing nuclear
weapons and that, therefore, the state 
in question could renounce nuclear
weapons as well. But over time, that vi-
sion was lost, and many nnws began 
to see the npt as merely an unfair con-
straint on them and as a largely unsuc-
cessful goad to encourage nuclear disar-
mament in the nws. The possibility of
international control of the nuclear fuel
cycle, and the accompanying constraint
on national nuclear fuel production pro-
grams, will be more likely if all nuclear
power states see a danger in their neigh-
bors operating sensitive nuclear fuel fa-
cilities. This perceived fear may make
states more willing to accept interna-
tional control of the nuclear fuel cycle,
and the constraints on their national
programs that come along with it, in
exchange for constraints on their neigh-
bors’ programs.

Many possible outcomes could arise
from the complicated, unpredictable,
decentralized process of nuclear deci-

sion-making. Expectations have often
been confounded and predictions have
often been wrong. The notion of nuclear
electricity “too cheap to meter,” for ex-
ample, has long ago faded into history.
Forecasts that there would be dozens of
nuclear-armed states have fortunately
proven wrong (so far). Previous predic-
tions that there would be a rapid expan-
sion of nuclear power around the globe
turned out to be wildly off the mark.
Though we can see today features of the
nuclear landscape that will materialize
well into the future, it is not easy to pre-
dict what the global nuclear order will
be. A long legacy of incorrect predictions
should keep us humble and remind us
that we, too, can be wrong. It is possible,
however, to envision how things might
turn out if things go well or badly.

The most optimistic vision of the
future sees the substantial expansion
and spread of nuclear energy use around
the globe, but with effective constraints
placed on the potential adverse securi-
ty consequences. There would be many
more nuclear reactors on a global scale,
contributing to the mitigation of climate
change and to energy security, but fuel
cycle capabilities would not have spread.
Nuclear newcomers would rely on inter-
national arrangements for the fuel to run
their reactors and would use internation-
al or regional repositories to store spent
fuel, rather than hold it or reprocess it at
home. In this way, the link between nu-
clear power and nuclear weapons could
be limited. Ideally, further reassurance
about the purely peaceful applications 
of the world’s additional investments 
in nuclear power would be provided by 
a larger, stronger, better funded iaea,
presiding over a regime that institution-
alized high levels of transparency and
empowered the iaea with suf½cient
investigative powers to produce con½-
dence that cheaters will not undermine
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the regime. If the international gover-
nance of the world’s nuclear affairs
can evolve and strengthen, then it may
be possible to establish and promote
compliance with high common stan-
dards for safety and physical security
–for example, through the re½nement 
and enforcement of un Security Coun-
cil Resolution 1540, which already calls
on states to ensure “appropriate and ef-
fective” levels of security at their nucle-
ar facilities (but without ever de½ning
what steps meet that standard). It will
never be possible to eliminate all risk, 
of course; but the world would be a 
safer place if all states possessing nucle-
ar technology were not only obliged to
accept desirable standards, but made
more genuine and monitored efforts 
to meet those standards. A system that 
possessed this set of attributes would 
be a robust nonproliferation regime 
that would allow the wide exploitation
of nuclear power while circumscribing
the potential risks and problems associ-
ated with nuclear power.

The likelihood of reaching this nu-
clear future would be increased if steps
were taken to delegitimize and margin-
alize nuclear weapons and if the nws

were judged to be making sincere efforts
to move toward nuclear disarmament 
in ful½llment of their obligations under
Article VI of the npt.14 It is dif½cult to
dampen the appetite for nuclear weap-
ons when existing nws enshrine those
weapons at the center of their security
policies, tout the unique and indispen-
sable security contributions of these
weapons, and proclaim their intention
to retain nuclear weapons for the inde½-
nite future. It is also dif½cult to credibly
call for a strictly enforced rules-based
nonproliferation system when the nws

are seen to be flouting their own obliga-
tions under the nonproliferation regime.
It is too soon to tell where the arms con-

trol initiatives launched by President
Obama, notably in his nuclear disarma-
ment speech in Prague in April 2009,
may lead, but even the ½rst small steps
seem to have had a positive impact on
the climate of opinion in nuclear affairs.
If there is progress toward deeper cuts 
in nuclear forces, if the nws begin to
reduce their reliance on nuclear weap-
ons, and if there is success in putting
into place other measures such as the
Comprehensive Test Ban Treaty and 
the Fissile Material Cutoff Treaty, then
nuclear weapons would seem less valu-
able and the incentive for new states 
to acquire them would diminish. This
shift would be a useful buttress to a
more extensive and effective nuclear
nonproliferation regime.

A much more negative vision of the
future ½nds that the global expansion 
of nuclear power has produced an array
of undesirable consequences. If nuclear
newcomers lack con½dence in the inter-
national market for nuclear fuel, howev-
er it is con½gured, some will surely seek
to master the nuclear fuel cycle them-
selves (as Iran has done) in order to en-
sure a reliable supply of reactor fuel for
their nuclear programs and, perhaps, 
to maintain a weapons option for the
future. Neighboring states will be ner-
vous, great powers will be alarmed, and
friction is likely to ensue–as evidenced
in the past decade in the cases of Iraq,
Iran, Libya, and North Korea. Coping
with this problem will be even worse if
the standing of the iaea were to erode
and its ability to provide transparency
and reassurance were undermined. It is
certainly possible that in the future the
iaea, hobbled by inadequate resources,
handicapped by its limited legal man-
date, partially blinded by the lack of its
own intelligence capabilities, tainted by
the political maneuverings of member
states, harmed by past failures, and crip-
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pled by the de½ance of troublesome
states, would be judged insuf½cient,
incapable of addressing the challenges 
of a more nuclear world. The iaea has
its critics even today, but its problems
could easily be compounded in the fu-
ture. If the iaea were no longer regard-
ed as an effective tool in the nonprolif-
eration regime, this would weaken an-
other barrier that stands between nu-
clear power and nuclear weapons. In 
the event that the nonproliferation sys-
tem seems to be breaking down, insti-
tutionalized efforts to provide global
governance in the nuclear realm are 
also likely to decay or fail. In a world 
in which states are aggressively pursu-
ing their own nuclear interests and the
institutions and mechanisms of nonpro-
liferation are weakening, rules are less
likely to be accepted, respected, or en-
forced. The evolution toward universal
high standards for safety and physical
security would be stifled and the result
could be very uneven safety and securi-
ty efforts in national nuclear programs
–meaning higher risk of accident or
incident.

The most disturbing variant of this
negative vision for the nuclear future
would be one in which the norm against
acquisition of nuclear weapons is frac-
tured and new nws emerge. States that
determined for their own self-interest-
ed reasons to acquire nuclear weapons
could defy or ignore the npt/iaea sys-
tem or simply withdraw from the npt

(as North Korea did). In conflict-prone
regions in which fuel cycle capabilities
exist in multiple states, there arises the
possibility of the competitive pursuit of
nuclear weapons (as occurred in South
Asia between India and Pakistan). If
enrichment and reprocessing are more
widely distributed across states, acqui-
sition of nuclear weapons by one power
could more easily trigger nuclear acqui-

sition by others. In the past, rapid cas-
cades of proliferation–though some-
times predicted–have not occurred and
are not certain to occur in the future.15

But the dynamic could well be different
if the nonproliferation regime is thought
to be eroding and more nnws possess
the latent capability to manufacture nu-
clear weapons. The reassuring record of
a past era marked by few nws, a sturdy
norm against acquisition, a reasonably
sound nonproliferation regime, very in-
frequent spread of nuclear weapons to
new states, and possession of fuel cycle
capabilities by only a few states may not
be a reliable guide to the future if trends
slide in a negative direction. Decades
ago, Henry Rowen and Albert Wohlstet-
ter famously worried about the dangers 
of “life in a nuclear-armed crowd.”16 De-
cades hence, we could ½nd ourselves liv-
ing in that world if unwise choices and
unfortunate preferences lead us down 
an undesirable nuclear path.

Momentum toward a proliferated
world would be reinforced if the cur-
rent nws fail to move away from re-
liance on nuclear weapons. The nota-
ble cooling in U.S.-Russia relations 
could plausibly lead to a restoration 
of their nuclear rivalry and to a resur-
rection of nuclear deterrence as the 
centerpiece of the strategic relation-
ship between the world’s two largest
nuclear powers. Indeed, both powers
retained substantial nuclear arsenals
postured at least in part to “hedge”
against the possibility that hostility
would resume in their bilateral rela-
tionship. The nuclear obsession that
marked the Cold War could return. 
But even if that does not happen, both
the United States and Russia have con-
tinued to embrace nuclear weapons 
and to adopt doctrines and defense 
policies that accord a prominent role 
to nuclear weapons. If the arms con-
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trol process sputters and breaks down, 
if multilateral agreements founder and
fail to enter into force because of stren-
uous opposition within nws, if the ar-
ticulated commitments to nuclear dis-
armament come to be regarded as false
promises, then relations between nucle-
ar haves and have-nots are likely to be
dif½cult and the international atmos-
phere will be more conducive to the
spread of nuclear weapons.

A third vision of the nuclear future
would involve a collapse of the expect-
ed nuclear renaissance and a possible
contraction of the role of nuclear pow-
er. It would not be the ½rst time that 
an expected nuclear renaissance did 
not happen. This could come about in
two ways, one benign and the other dys-
topian. It is possible that the economic
costs and security challenges will in the
end outweigh the incentives to expand
nuclear power. Perhaps alternative en-
ergy sources will develop more rapidly
than expected or some technological
innovation will make nuclear power
seem less necessary or less competitive.
Perhaps it will be possible to address 
the world’s energy and climate change
challenges without additional exposure
to the risks and challenges associated
with nuclear power. This would be the
benign route to a more circumscribed
future for nuclear power.

The darker scenario involves failure 
to contain successfully the risks of nu-
clear power. The anticipated expansion
and spread of nuclear technology could
be derailed if something horrible hap-
pens. The catastrophic reactor accident
at Chernobyl set back the nuclear sector
by decades in some countries; another
large accident would likely have similar
effects. A breach of physical security at 
a nuclear installation that resulted in 
a serious sabotage incident or terrorist
possession of nuclear materials or weap-

ons undoubtedly would dampen the en-
thusiasm for nuclear power expansion
and cause some recalculation of the cost-
bene½t equation. And then there is the
most horrible scenario of all: the use of
nuclear weapons. A nuclear detonation
in a city or against any other target would
clearly alter the global nuclear debate
and produce a more constrained nuclear
power future. 

The global nuclear future is highly
uncertain, and there is no reason to as-
sume that a desirable nuclear order will
arise automatically or spontaneously.
Men make their own history, but they 
do not make it entirely as they please,
Karl Marx famously noted. Govern-
ments, the nuclear industry, and inter-
national institutions will make our nu-
clear future, but their complex inter-
actions may not produce the nuclear
world that each of them seeks. This 
is why it is so important to think hard
now about where we may be headed,
what desirable outcomes we should
seek, and what steps should be taken
now to increase the likelihood of a 
safer and more secure nuclear order 
in the years ahead.

Steven E.
Miller &
Scott D.
Sagan
on the 
global
nuclear
future
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