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In 1953, the UK decided to embark on a nuclear power programme. The decision, enshrined in a White Paper, was driven by concern about the dominant role that coal and the miners played in power generation and worries about the future reserves of coal. Three short years later Calder Hall nuclear power station, the first of a series of Magnox power stations, was completed at Windscale and opened by the Queen in 1956. It has operated successfully for 47 years and the Magnox fleet as a whole for 50 years, a triumph of imaginative and innovative engineering. Nuclear power was never expected to be cheaper than coal-fired electricity, but was expected to improve security of supply. The much quoted phrase “too cheap to meter” was made at a meeting of science journalists and referred not to nuclear fission power stations, but to nuclear fusion as part of a long term prediction. Some things do not change, and security of supply and low carbon emissions arguments have at last prevailed with Government. A White Paper on Nuclear Power was published in January 2008 which effectively gives the go-ahead to build some new nuclear stations. But this is not the end of the matter, it is hardly the beginning.

Nuclear power technology has steadily advanced world-wide over the last 50 years with 444 stations built and operating. Construction over recent years has largely been in the Far East. The advances in nuclear engineering over those 50 years can be compared with Ford Anglia technology of the 1950s with the sophisticated Ford Focus engineering of today. The suggestion by green campaigners that nuclear power is yesterday’s “dinosaur technology” is manifestly nonsense.

In the UK, the next round of nuclear power stations will be selected from four so-called ‘Generation III’ designs:

1. ACR 1000 (CANDU II) of Atomic Energy of Canada

2. European Pressurised Water Reactor (EPR) built by EDF/Areva

3. ES Boiling Water Reactor (ESBWR) by General Electric/Hitachi

4. AP 1000 of Westinghouse/Toshiba

All involve enriched uranium and light water coolant, and derive from designs now in operation. Three of them are described as intrinsically safe; the EPR is not a passively safe design. An EPR is currently being built in Finland and another in France where 19 are projected. Four AP 1000 reactors from Westinghouse have been ordered for China, Canada and Romania are each building a CANDU II design, and the US has several orders in train including AP 1000, EPR and ESBWR designs; momentum for new power station construction is building fast in the West.

But can new stations be built in time to close the perceived gap opening up in electricity supply, particularly in the UK? It is expected that 2012 will be the year demand for electricity exceeds supply; ominously it is the year when the Olympic Games will be held in London and power cuts would be an embarrassment.

First of all, designs have to be licensed. The AP 1000 is already licensed in America, but unlike aircraft which are licensed internationally, the UK insists on carrying out its own licensing programme, and this takes skilled manpower which is in very short supply. Licensing of proposed designs will not be complete until 2011 / 12 according to the Nuclear White Paper. This delay will affect the time before planning permission is obtained to build a new station. The shortage of skilled engineering manpower and experience (the last nuclear station to be built in Britain was Sizewell B in 1995) means that we have lost the ability to build a nuclear power station. We will have to rely on the French, Americans or Japanese to build one for us, and that will mean joining a queue when we get around to ordering one. As far as construction is concerned, a good deal of the work will be contracted out to British firms. The actual build time is around 45 months, based on experience in the Far East, but this stretches out to ten years when certification and licensing, planning permission, and other bureaucracy are included. One ‘pinch point’ common to all power station constructors is the shortage of companies able to manufacture the huge forgings necessary for a modern nuclear power station. Presently, only Japan Steel can do it, but market forces are swinging into action with new plant in France and the UK coming on stream. There is already a queue building up at Japan Steel. 

These problems emphasise the international nature of the nuclear power building programme. Universal designs will be built, no one will “go it alone” as we did in the UK with our programme of Advanced Gas-cooled Reactors (AGRs) which were unique to the UK and differed considerably amongst themselves. Not a sensible move, as it led to poor performance and reliability. Our one PWR, Sizewell B, although different in design from PWRs in other countries, has one of the best performance records in the world.

The next stage of new build, post 2025, could take us past the Generation III systems to high temperature, gas-cooled reactors. These rely on fuel in the form of spherical kernels of UO2  encapsulated in silicon carbide, arranged in the graphite moderator in the form of pebbles or prismatic blocks, and use helium as the coolant. Exit temperatures of 8000C and higher are achieved with the consequent increases in energy conversion efficiency. This technology is already in place and being used in pilot plant in China, and proposed for South Africa. Originating in the UK in the 1960s with the Dragon project, it is ironic that the pioneering work has been developed elsewhere. The Pebble Bed Modular Reactor has an output of 165 MW which is ideal for use in developing countries where 1600 MW machines are inappropriate for their distribution systems.

And then, post-2030, come the Generation IV machines for the long term development of nuclear power. They are being developed by the Generation IV International Forum which is a group of nine countries including the UK and the US. These are essentially high temperature fast reactors with breeding ability and use uranium sixty times more efficiently than in today’s thermal reactors. This will accommodate any shortfall in uranium availability. Perhaps the biggest development problem is the availability of materials which can withstand the extreme temperatures, pressures and hostile environments in the high temperature reactor systems. This is also true of work on the fusion experiment ITER being built at Cadarache in France and due to be completed in 2013. This is one of many areas where physicists can play an important part.

There would seem to be a remorseless logic pointing to the steady and swift development of nuclear power world-wide, but such a development could be frustrated by lack of political will and shortage of skilled manpower; one is easier to put right than the other. In 2006, on the 20th anniversary of the Chernobyl accident, Cardinal Martino, president of the Pontifical Council, invited the international community to support the development of nuclear power for civil use. He went on to say “it must not be viewed through the spectacles of ideological prejudice but with the look of intelligence, human rationality and science”. Engineers and scientists can provide the world with a secure – CO2 free – supply of electricity almost indefinitely, but it is a testing goal with many pitfalls along the way. What is lacking at the moment is a sense of urgency – time is running out.
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