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Nuclear Power:
Rights, responsibilities, questions
and alternatives

Global energy consumption has risen eightfold in the last 100 years as a result of increases in both the world s population and per
capita energy use. Despite this, around a quarter of the world s population still lacks access to electricity-based services and there
remains a fivefold per capita difference between energy consumption in developing countries and in the richer nations that are part of
the Organisation for Economic Cooperation and Development (OECD). At the same time, growing concerns about climate chaos
arising from fossil fuel emissions have been seized upon by those who argue for a nuclear renaissance and reinvigoration of nuclear
energy programmes.

After three decades of industrial doldrums, in part due to the accidents at Three Mile Island and Chernobyl, nuclear energy promoters
from Britain, France, Russia, the United States and beyond are lining up to deliver nuclear exports to new markets, especially in the
developing world. These governments are presenting this nuclear promotion strategy as a major step towards fulfilment of Article IV of
the Non-Proliferation Treaty (NPT), which encourages cooperation in developing nuclear technologies for peaceful purposes and
states:
Nothing in this Treaty shall be interpreted as affecting the inalienable right of all the Parties to the Treaty to develop
research, production and use of nuclear energy for peaceful purposes without discrimination and in conformity with Articles
[ and Il of this Treaty.

The inalienable right of all people to have and develop energy resources to meet basic human needs and development aspirations is
unguestionable. But is nuclear technology the right answer to the energy needs of people in developing countries  or, for that matter,
of the developed world? Efforts will be made by some NPT parties to have the 2010 Review Conference endorse the commercial push
to sign up new countries to obtain nuclear energy programmes. What are the pros and cons  for developing countries and for global
security  of expanding dependence on nuclear energy?

Notwithstanding the political attachment many countries have to Article IV of the NPT, questions need to be asked about whether its
role in exclusively promoting nuclear energy is appropriate for present day conditions. While recognising that any attempt to interfere
with or amend the NPT text, including Article IV, would be met with considerable resistance, nothing precludes NPT parties discussing
alternative ways to provide more safely, effectively and cheaply for countries legitimate energy aspirations without increasing reliance
on fossil fuels or raising proliferation concerns.

As outlined below, many if not all of the problems which led to public and political rejection of the technology in the 1970s and 1980s
remain, including: nuclear insecurity and the difficulties inherent in preventing nuclear technologies being exploited for weapons
purposes; poor waste management and the lack of long term solutions for dealing with radioactive waste; and the risk that accidents,
unsafe practices or terrorist attacks on nuclear power plants could have devastating consequences. Moreover, experience is showing
that for energy sectors to become truly sustainable and fit for the 21st century will require fundamental systemic changes. This
transformation will entail a move away from large centralised and inflexible power generation, like nuclear power, towards integrated,
demand responsive and diverse energy systems, building on networked grids and newer, largely renewable technologies and efficiency
measures.

Nuclear renaissance or attempts at resurrection?

The historical development and technological links of the early civil and military nuclear programmes are widely acknowledged, with
the first generation of reactors specifically designed to produce plutonium for weapons programmes. To date at least one in three
countries that have developed a civil nuclear power programme have or have attempted to develop a military programme. Though
many of these gave up their military programmes and joined the NPT as non-nuclear weapon states, such connections persist even
though the designs have changed.

The first nuclear reactor was connected to a power grid in 1954 in what was then the Soviet Union. A historic peak in numbers was
reached in 2002 with 444 power plants, six more than are currently in operation. The International Atomic Energy Agency (IAEA)
identifies 54 reactors as under construction, however, thirteen of these have been listed as such for over 20 years and almost half of
them have encountered significant delays. In 2008, for the first time since the beginning of the commercial use of nuclear energy, no
new nuclear power plant was connected to the grid. Moreover, since August 2007 only four new reactors have started up.

In non-OECD countries the contribution of nuclear power to electricity is extremely low; Argentina is highest, with 6%, then Brazil 3%,
and China, India and Pakistan around 2%.

Concerns over climate change and security of energy supply have increased interest in nuclear power. Recently, new financial
assistance for the nuclear energy sector has been proposed by the US Government. Discussions have taken place between European
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Figure 1: Global Energy and Nuclear Energy Consumption
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energy consortia and some Middle East States, with at least one order (the United Arab Emirates) already signed. It must be
recognised, however, that interest here may have more to do with concerns over Iran s nuclear programme than a belief that nuclear
power will solve future energy needs.  Despite rising interest, talk of a nuclear renaissance may be premature. There is, so far, little
new construction and there remain a number of economic, environmental, supply chain and proliferation concerns that prevent or delay
further action.

Among the direct obstacles are the large upfront costs of nuclear power and ever present threats of cost over-runs and delays. Two
independent studies on the world s largest nuclear power fleets show considerable rises in construction costs during their history. A
study published by Vermont University in 2009 documented a five-fold increase in actual construction costs in the United States from
the 1970s to the 1980s, while in a study on the French reactor programme a threefold increase in actual over projected costs was
observed. As a consequence many financial institutions are less willing to accept the utility or reactor constructors cost estimates
and US independent and financial analysts are now forecasting construction costs of between 5,000 and 10,000 dollars per installed
kilowatt (kKW).

Europe has also been experiencing higher than expected costs. The first new reactor ordered in the European Union for over a decade,
the Olkiluoto plant in Finland, had an initial price tag in 2004 of around $3,000 per kW. After four years of construction, when it should
have been ready to go, it is still some four years away from completion and more than 75 per cent over-budget. The current completion
cost is now estimated to be around $5,000 per kW. Even longer construction delays can be seen in other parts of the world: in
Argentina, the Atucha-2 reactors have been officially listed as under construction since 1981, while in Brazil the country s second
reactor, Angra-2, was finally connected to the grid in July 2000, 24 years after construction started.

Even under normal circumstances the long construction time for nuclear power plants can cause problems for funding viability, and as
noted by the International Energy Agency (IEA), construction costs uncertainty is a major risk factor for investors . The extent of these
uncertainties are demonstrated by figures from the IAEA, which show that over the last decade, the actual average construction time
for reactors to be completed has been around 80 months (almost seven years), which is approximately two years longer than the
industry puts forward in planning proposals. Such a delay has serious impact on the economics of the utility and can also cause
problems for energy planning in the country or region concerned.

Like fossil fuels, uranium is a finite resource. Estimates from the OECD assume that at current prices, the economically viable reserves
for uranium would enable a reactor fleet of similar size as today to operate for around 80 years. Aware of this, the next generation of
reactors largely adopt a closed fuel cycle approach, in which nuclear fuel is not only burned up as it produces electricity, but the
process of fuel irradiation is designed to produce further fissile material to enable the constant refuelling of the same reactor. This
approach, which includes the use of plutonium-fuelled reactors, enables the fuel resource to be stretched but also increases the risks
of nuclear weapons proliferation.

The Intergovernmental Panel on Climate Change (IPCC) put forward a scenario in which nuclear power plays a more central role in
reducing CO2 emissions to enable it to provide 65% of the world s electricity by 2100. If only uranium-fuelled reactor were used, this
would result in 600 tonnes of plutonium being produced annually. Given the number of reactors that this would require and the extent
of the known uranium reserves, such a plan would necessitate plutonium-fuelled reactors. If they were deployed on the scale
considered by the IPCC, they would generate around 4000 tonnes of plutonium per year, equivalent to over 400,000 Nagasaki-sized
bombs. The risk that such materials could be used to make nuclear weapons would not only stand in the way of nuclear disarmament,
but would also pose a massive, intractable security problem, especially with regard to preventing these highly sensitive, nuclear bomb
materials from being acquired by terrorists.

Nuclear subsidies: unfairly tilting the playing field

Energy subsidies are often used to help develop and protect an industry of national importance. Currently global energy subsidies are
estimated to be in the order of $300 billion per year. Given the dominance of fossil fuel in energy consumption, the vast majority of this
goes to the hydrocarbon sector with nuclear power receiving the second largest share. Despite over fifty years of global commercial
experience the nuclear industry insists that further government financial assistance will be necessary to enable new construction of
nuclear power programmes.

In January 2010, US Government support for the construction of new nuclear power, through loan guarantees, was trebled to $54
billion.  This is in addition to the already approved measures, which include tax credits for nuclear electricity, a support framework
against regulatory delays, assistance with nuclear decommissioning and additional government research and development. As
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Nuclear power is very unlikely to bring energy
independence. The risk — and likelihood — would be that

it would deepen developing states’ dependency on the
nuclear exporters, reinforcing the hold of major powers.

explained by Sir Mark Moody-Stuart, Corrado Clini Co-chair, G8 Renewables Task Force, with most energy subsidies invested in
conventional and nuclear energy, their removal would reduce electricity use, encourage equal treatment of renewables vis- -vis
conventional energies, and increase their deployment.

Sustainable energy technologies overtaking nuclear

While many problems persist with nuclear power, the renewable energy sector has come of age. China is now the world s largest
installer of wind power and solar thermal and is an important player in the global market. As figure 2 shows, the growth in wind power
and more recently solar power has outstripped the installation of new nuclear reactors. The IEA in its latest World Energy Outlook
assume in their lowest carbon emissions scenario that by 2030 the use of hydro power will be double the current level of nuclear power,
while wind power will produce an equivalent amount as will other renewable sources. According to Bloomberg s New Energy Finance,
the extent of investment in clean energy sources globally reached $112 billion in 2009, up from just $18 billion in 2004. In Europe in
2009, 13 billion was invested into wind power with the consequence that for the second year running, more wind power was installed
than any other generating technology. Renewable energy installations in total accounted for 61% of new infrastructure installed in
2009.

Figure 2 Net Additions to Global Electricity Grid from New Renewables
and Nuclear 1990-2010 (in GW)

Global Generating Capacity:
Annual Net Additions, 1990-2010

The use of renewable energy can play an important role in the economic well being
of a country or region, as it creates and sustains local incomes and jobs. By
establishing viable ways to generate renewable energy a country will increase its
use of domestic resources, thereby improving its balance of payments and
reducing the importation (or, for producer countries, increasing exportation) of
foreign fuel.
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Selling energy dependence to developing states

Only a handful of developing countries have attempted to develop nuclear power and in none of these has it become a major source
of electricity. Among the reasons is the fact that nuclear is a large, centralised electricity source that requires a very large demand for
it to operate efficiently. Furthermore, for a grid to operate securely it requires backup generation that is at least of equivalent size to
the largest power plant. Nuclear energy promoters often fail to explain that building and operating one or more modern, large-scale
(1000 MW) nuclear power plants would likely entail significant transformation of a country s electricity grid, with high additional costs
and concomitant problems of security and efficiency.

Nuclear power is a complex technology with a long and diverse supply chain that requires precise and in-depth regulation and
oversight. Introducing nuclear power safely into a national electricity mix is a process that will not be accomplished rapidly and could
take decades.  Furthermore, while the volume of fuel needed in a nuclear reactor is significantly smaller than for fossil fuelled power
plants, nuclear brings its own energy security problems - as uranium reserves and mining capacities are found in relatively few locations,
there are only a handful of nuclear power plant constructors and even fewer large component manufacturers. To date no civil nuclear
facility for the long-term storage or disposal of high level radioactive waste is in operation, due to economic and technical difficulties,
compounded by public concerns and geological uncertainties. In this context, international leasing and storage proposals are viewed
as premature and could increase public resentment in potential host and export countries.

Leaving aside the proliferation and security questions for the moment, countries contemplating investing in nuclear energy generation
for peaceful purposes need to ensure that they are fully informed of the facts concerning the complexity of nuclear energy s
infrastructural requirements and the wider economic, domestic and development implications of the energy choices before them.
Exporters of nuclear facilities for civilian electricity generation should be obliged by law to provide potential buyers  especially in
developing states  with a full analysis of the electricity grid architecture, fuel supply arrangements, geological and waste implications,
and other infrastructural requirements and changes relevant to that decision before any production contracts are signed.

Article IV was written into the NPT when it was genuinely thought that atoms for peace could bring cheap, safe, clean energy for all
nations. Though some peaceful purposes of nuclear energy medical isotopes, for example are beneficial, these require relatively
small scale and can be more readily secured against diversion and misuse for weapons purposes. These security implications were
ignored for a long time, but are now being addressed more coherently.

While it remains the right and prerogative of governments to determine how they meet their people s developing energy needs, there
needs to be more in-depth scrutiny of the economics and consequences of committing to nuclear power. All things considered,
nuclear power is very unlikely to bring energy independence. The risk and likelihood would be that it would deepen developing
states dependency on the nuclear exporters, reinforcing the hold of major powers.

In conclusion, nuclear power is not the solution to climate change and its deployment will delay the introduction of truly sustainable
energy sources in both developing and developed countries. In particular, any further production and use of plutonium-fuelled reactors
to expand global nuclear power generation and compensate for declining uranium supply would result in significantly increased nuclear
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proliferation and security threats. If Article IV no longer offers a convincing energy incentive, while the exercise of its provisions also
raises serious concerns about potential proliferation, consideration must be given to how NPT states can be assisted to meet their
growing energy needs by alternative means.

The International Renewable Energy Agency (IRENA), which was formally established in 2009, with 142 states already signatories,
provides a way forward for global energy co-operation, particularly to meet the legitimate needs of the developing states to control and
develop their own sources of energy supply.

What needs to be done?

Article IV is regarded as one of the three “pillars” of the NPT and it should be recognised that attempts to
impose controls that limit states parties’ national choices and options will be strongly resisted, particularly
when they see states outside the NPT receive preferential treatment, as with the US-India nuclear deal.

The Review Conference should, however, debate the economic, environmental, proliferation and
dependency problems associated with nuclear power, including uranium mining, waste disposal and
security of operating facilities, and consider how best to assist NPT States Parties to meet their growing
energy needs. In relation to this, the NPT Review Conference should recognise the importance of the
International Renewable Energy Agency (IRENA) and encourage states to join this multinational Agency
and support, facilitate and participate in the fullest possible exchange of equipment, materials and
scientific and technological information for the sustainable generation and uses of renewable energy.

In addition to requiring a transparent review of the opportunities and limitations of initiatives to provide
safe and secure multinational alternatives to national fuel cycle facilities, the NPT Review Conference
should seek ways to prevent the future production of reactors that rely on plutonium and highly-enriched
uranium (HEU) fuel and commit to phasing out existing plutonium and HEU-fuelled energy production, as a
matter of urgency.

At present, over $300 billion per year is spent on subsidies to the energy sector that prioritise nuclear and
fossil fuels and distort the real costs associated with different energy sources. The G20 called for phasing
out fossil fuel subsidies, but did not go far enough. Subsidies that are currently given to energy
technologies that deplete finite hydrocarbons and uranium resources and contribute to global heating and
long term environmental damage should be phased out as a matter of practical urgency.

Further reading

Mark Cooper, The Economics Of Nuclear Reactors: Renaissance Or Relapse? June 2009
http:/www.vermontlaw.edu/Documents/Cooper%20Report%200n%20Nuclear%20Economics%20FINAL%5B1%5D.pdf

Global Subsidies Initiative and International Institute for Sustainable Development, Fossil-Fuel Subsidies, Their Impacts And The Path
To Reform, The Effects of Fossil-Fuel Subsidy Reform: A review of modelling and empirical studies, March 2010
http://www.globalsubsidies.org/files/assets/politics_ffs.pdf

J.C. Jansen, Energy services security: concepts and metrics, Energy Research Centre of the Netherlands, October 2009;
http:/www.ecn.nl/docs/library/report/2009/€09080.pdf

Mycle Schneider, et al., The World Nuclear Industry Status Report 2009, commissioned by the German Environment Ministry,
August 2009, available in English and German at
http:/www.bmu.de/english/nuclear_safety/downloads/doc/44832.php

UNEP and International Energy Agency, Reforming Energy Subsidies, 2002 (http:/www.iea.org/papers/2002/reforming.pdf) and
2008 (http://www.unep.org/pdf/PressReleases/Reforming_Energy_Subsidies.pdf)

This briefing is the copyright of the Acronym Institute for Disarmament Diplomacy with acknowledgement and thanks to the lead author Antony
Froggatt, Senior Research Fellow, Chatham House. [t is part of an Acronym Institute series originally produced for the 2010 NPT Review Conference.
Drawing on the knowledge and experience of key thinkers, analysts and experts in the field of multilateral arms control and international security, we
address some of the core issues relating to the NPT, non-proliferation and disarmament with the aim of enhancing the conference outcome and
developing collective strategies to move towards security in a world free of nuclear weapons.
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