Nuclear is Not a Stand Alone Option

It is often stated that the biggest shortcoming of wind power is that it requires a considerable amount of fossil fuel standby capacity to deal with situation in which wind farms generate little electricity. Nuclear power, in contrast, is said to be, by its protagonists, a wholly reliable means of producing the base load electricity requirement in the UK. 
But is this view of nuclear correct? Last Christmas, when half the nuclear stations in the UK were shut down, the National Grid had to order the start up of “standby” coal and gas fired generating plant. Nuclear plants, like everything else, can be unreliable. But because they are so costly to build, the inclination is to construct the minimum number, and rely on some other form of generation when things go wrong. So at the present time, neither nuclear nor wind can do without back up. 
What about the longer term, and the neglected issue of the none-base load or day time power requirement? How does nuclear answer this question? Are there any drawbacks that have been overlooked? And is the variability issue of wind energy quite the problem that its opponents make out?
But first, one none-problem for wind is whether the UK grid would be in difficulties if there were a cessation of electricity from this source. However, at present, the largest cause of a sudden power loss in Great Britain is Sizewell B having to shut down. This is regular occurrence, resulting in a step change of 1.2 GW in the power delivered to the grid. Various techniques are deployed to cope with these step changes. These include instantly disconnectable loads, rapid start generators, and ramping up spinning reserve fossil plant. However, changes in electricity production from wind farms are gradual so that the grid will not encounter any difficulties from this form of generation.
Turning now, to a much more important issue, which is the inability of nuclear plants to generate anything other than “base load power”? In the UK, one reason for keeping our obsolete coal fired fuel plants in operation is that they are quite good for meeting the daytime demand.  That is, they can be shut down and started up reasonably easily. Unfortunately, this is not a feature of nuclear. The UK’s Magnox and AGR plants are simply not capable of being closed down at night when the demand drops, and then brought back on line the next morning. The temperature changes would be too severe. But PWRs and BWRs would also find it difficult. On shut down, “poisoning" by radio-nuclides, like xenon-135 results in absorption of neutrons. It can then take a couple of days for the radio-nuclides to decay, before it becomes possible to put a reactor back on line.

So the “two shifting” by which fossil fuel plant deals with the day-to-night variations in demand is not possible for nuclear. But is it feasible to vary the output, so that the nuclear plants can reduce their overnight power? In principle, this can be done, although there is the risk of thermal fatigue. The big issue is that of finance.  Due to their high capital costs, nuclear power plants need to run at full output all the time. How does this affect the number of nuclear plants we could expect to see in the UK? Could we reach the French level of 70%?
This 70% figure disguises the fact, that any French nuclear plants, which are on line, run at virtually full output all the time. Increases in daytime demand have to taken by hydro and fossil plants, and by a heavy reliance on imports. Conversely, at night, to keep the nuclear plants running at full load, electricity is exported to Germany, Belgium, Switzerland, Italy and England, where much of it wasted on street, office or shop lighting! 
Take for example the situation in Metropolitan France on the 20th January 2008, a few days before this article was written (See Figure). There were two daytime peaks of 59.7GW and 62.7 GW, but in the early morning, the load fell to 47.4GW. The power from the nuclear plants peaked at 54GW during the day, falling to a minimum of 49.1 GW around 7.00 hrs, when the demand had actually begun to pick up. Over the 24 hours, although the demand varied by 30%, nuclear only varied its output by 10%. Part of the overnight consumption goes into pumped storage, so the night time demand is artificially raised. (EDF also has a punitive supply regime which encourages many users to cut themselves off).  
So the 20GW of hydro in France is vital. The UK has not got, nor never will have, this capability. If we are to have nuclear, the UK will need a lot of fossil fuel plants. Exporting large amounts of “spare” nuclear output is not really an option if other countries in Europe go nuclear. Thus, it does seem unlikely that the UK could get to the French level. 

How does wind power compare? Given enough wind capacity (around 150-180GW) and ensuring that wind farms were spread out over the UK and surrounding seas, it would be possible to dispense with fossil fuel power plants entirely. There would be no day/night problem. Wind farms can be turned off when not needed. Obviously, for many years, as the wind sector is being built up, fossil fuel plants will be needed, but eventually they could be closed.  This we now know to be incorrect. Because of wide anticyclones, there would be times when even 180GW of capacity would only generate a few GWs. Personally I favour quick start gas turbines or diesels running off liquid biofuels as being low tech standby power. The European Commission is beginning to warm to this idea as a way of getting biofuels to the market         
The nuclear option actually locks us into a situation in which we have to continue to rely on gas and coal fired plants. These plants could not be of the “clean coal /carbon capture” type, however. Operating for a few hours a day, would make it impossible to capture the CO2, which requires steady near-baseload operation from fossil fuel plants.

Finally, given the inflexibility of nuclear plant and the variable nature of wind energy, it will be seen that these two forms of power production are incompatible. Hence, what is considered to be the most “politically attractive solution”, giving a zero CO2 energy system, and giving something to the Greens and the Nuclear Boys, is actually a recipe for disaster.  

F.Starr/ D.Andrews 1st Feb 2008  
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