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INTRODUCTION

We are writing this paper as a post-event contribution to a conference called Gaia and Global Change, organised by James and Sandy Lovelock in June 2004. To readers who were not there, we should just say that it included sessions on climate change by distinguished climate scientists; on ethics; and on policy, to which we ourselves contributed. A striking feature of the meeting was the careful choice of speakers to present a sympathetic, even enthusiastic, case for a revival of the civil nuclear power industry in Britain, and by implication elsewhere. Twenty years ago this would have been normal, but in today’s context is positively eccentric, given the prevailing assumption, not least by the UK government, that the nuclear story is more or less over.

What we found particularly intriguing in the pro-nuclear presentations was an acceptance as profound as that of any soi-disant Green, of the apocalyptic implications shining through the professionally-nuanced  presentations of the climatologists. (As an aside, we can reveal that many of these eminent academics took pains to rubbish the scientific basis of the climate-change disaster-movie The Day After Tomorrow—but couldn’t resist showing clips).  If the consequences of climate change are as dire as most experts seem to agree they could be, then lesser risks we take in trying to prevent those consequences, are logically to be preferred. In fact we might well feel under a moral obligation to incur lesser rather than greater risks. And this was indeed the argument deployed: that Nuclear Energy (NE) is a carbon-free source of energy, and its undeniable risks are less than those of climate change.
In spite of an almost constitutional antipathy to NE, we found we could not fault this argument. The worst possible nuclear disasters are not as bad as the worst possible climate change disasters. And, arguably, they are much less probable. So are we, the haut-vert authors, having been publicly apprised of these facts, now morally obliged to support NE—or at least, not to oppose it?  
This was an unusual and illuminating situation. Whatever the cogency of the arguments, it is personally hard to get over a habitual feeling of contamination or disgust with respect to NE. To think of a personal parallel, one of us has been a vegetarian for…well a very long time, and the situation seemed analogous to his having to eat meat, simply because there was some compelling abstract reason for doing so. Horrible! Anthropologists would recognise this as a kind of acquired phobia or ‘ritual pollution’ that applies to food and other taboos. The sense of revulsion and contamination goes beyond any logic or evidence. Muslims, Jews and vegetarians all know perfectly well that eating pork is not physically harmful. But they will go to extraordinary lengths not to eat it. In the case of NE we could see that there was a large class of rational and quantifiable critiques, but that quite apart from all this, the acquired phobia for most people is far stronger. The mental state engendered by an acquired phobia means that everything has to be wrong with the phobic object. This leads to the deployment of weak and inaccurate critiques, but it is the sign, not the value, of the critique that matters. Partial evidence is constantly sought, and countervailing evidence ignored or rejected, leading to a self-confirming hall of mirrors.  This certainly sums up a lot of anti-nuclear propaganda.
The implication of this understanding is that, if we are morally obliged to support NE (and at this stage we would like still to emphasise the if!) we are also morally obliged to try and overcome the acquired phobias surrounding it. Not an easy task.

As we say, this was illuminating, but it also pointed to a parallel acquired phobia, regarding wind farms. There are several different kinds of arguments against wind farms, of varying merit, but these shrink to insignificance beside the sheer visceral loathing engendered in what appears to be a minority—but an articulate and influential one—of the British population. Again the result is a hall of mirrors: a vast indiscriminate array of unflattering images, factoids, half-truths, failures to supply context, unwarranted conclusions, irrelevant statistics; and an occasional genuine fact lost in the melee.  An exactly parallel logic applies:  if the costs and risks of wind power (WP) are less than those of climate change, we are morally obliged to support it. And morally obliged to try and overcome the acquired phobias surrounding it. Not an easy task.
These two populations—the anti-nuclear and anti-wind—show almost no overlap. This is logically surprising. There is no immediately obvious reason why those who dislike windmills should not dislike nuclear power as well; or indeed like both. But this almost never happens. We will discuss the reasons for this later. For the time being we shall note that the energy in the debate comes from a primary dislike. It’s not so much that people positively love wind-farms or nuclear energy for their own sake. Each is, from the respective partisan point of view, simply the lesser of two evils, the greater of which is non-negotiably satanic, leaving the lesser to play the role of the US cavalry finally turning up to save the day. Sometimes you have to press people a bit. A typical dialogue would go like this:

“I see you are opposed to wind power. What then shall we do about climate change?”

“Energy efficiency” (everyone says this)

“We’ve already factored that in. There is still a shortfall in supply”
“What about hydrogen?”

“Hydrogen is not an energy source. You still have to make it”

“All right then: nuclear”.

Or:

“I see you are opposed to nuclear power. What then shall we do about climate change?”

“Energy efficiency” (again)

“We’ve already factored that in.”

“Well then, windmills”.

Since part of our job is to chart paths forward to a sustainable future, we realised with some concern that these two sets of phobias apply to the two principal mature technologies that might form a bridge to get us there. Conceivably we can manage without one of them (either) but probably not both. In fact if NE had no other problems associated with it, it would be the front runner because it provides steady, very predictable, ‘base load’ electricity, whereas the wind bloweth where it listeth, as its opponents waste no opportunity to remind everybody. But NE does have problems associated with it, very grave ones, quite apart from the phobias surrounding it. They must be addressed and accepted or rejected in public debate. The same applies to WP and all the other renewable sources, many of which have not yet achieved the status of attracting acquired phobias. But they will.  

By definition non-negotiables are tricky even to get onto the table, and even more to get them seriously and sincerely debated. This is where we found one of the conferences most striking contributions very helpful. The philosopher Mary Midgely recalled the moment in the late 1930s when Hitler’s troops invaded Poland. At that point everybody in Britain realised that war was inevitable. There was, she recalled, an almost instant revolution in social attitudes. People competed less and became cooperative. They put aside differences and jealousies, and showed themselves willing to make great sacrifices for the common cause of national survival.  Later generations are often surprised how fondly their parents and grandparents remember the war, and the relatively uncomplaining, cooperative habits that lasted well into the sixties. 
Mary’s point was that, contrary to a prevailing cynicism about humanity’s ability to rise to the challenge of global change, positive mass changes in mentality and behaviour can occur with amazing rapidity if the conditions are right. That was an important insight, but we noticed another implication: that in wartime, ‘fine-tuned’ everyday tastes and values give way to more robust, basic tastes and values. This change is seen as appropriate and necessary, but—and this is very important—temporary. Everybody expects that there will be a return to normal peacetime standards after the war. It is partly this temporary quality that allowed the celebrated fortitude of the blitz. So, for example in the second world war the ethics of bombing cities was viewed quite differently; landscape requisitions for airfields were borne patiently; compulsory evacuation and fostering of children were accepted as necessary; and dismal health and safety standards in munitions factories were tolerated. In terms of civil liberties, landscape values, wildlife considerations and personal safety, tremendous burdens were borne with stoical pride. Lapses into the ‘old’ tastes and values would be sharply censured with “Don’t you know there’s a war on?”.  

The analogy should be fairly clear: that if the prognostications of the climate scientists are correct, we should regard ourselves as in an equivalent situation. In this case it would be inappropriate to worry about (say) low-level radiation risks, local habitat disruption, changes in the appearance of the landscape, restrictions on movement, rationing or compulsory redistribution of some resources, energy taxes, dangerous working conditions, property values, and so on. And these altered priorities would affect our choices of energy technologies.  
The following statements might be seen as reflecting inappropriate values:

“I opposed the energy-from-waste plant because it might emit dioxins which could cause two extra deaths every hundred years”.

“I opposed the micro-hydro plant because it lowers the water level below the dam and some of the mosses might not like it”.
“I opposed the wave-power plant on the cliffs. Ruins the view. All that ugly concrete. Ugh!”

To which an exasperated reply might be:  “For heaven’s sake! Don’t you know there’s a war on!”

NOW FOR THE DETAILS
Let us introduce some of the main features of the climate change issue.
Rapidly growing consensus
There is widespread agreement among experts about the reality of anthropogenic climate change. Yes, there are still sceptics and uncertainties, but at some point when the trend in opinion is very clear we have to get off the fence.
Urgent remedies, delayed effects

Although the most severe effects of climate change will not occur for many decades, even centuries, irreversible processes will be set in train in the next 50 years. These might trigger positive feedback effects that will overwhelm any kind of mitigation or adaptation. Therefore strong and concerted action is called for in the first half of the 21st century.
It’s a global, not a local, problem

It can only be solved on a world scale. No single nation can either solve the problem alone or remain immune from its effects. 
‘Deep cuts’ are required in carbon emissions of developed countries

Since the developed countries emit most, they have the largest reductions to make, of between 60% and 95% of current emissions.
This understanding appears to have informed the UK government decision, in the 2003 White Paper, to adopt a target of 60% reduction in carbon emissions by 2050, and 80% by 2100. Cynics might well remark that the current government and its ministers will be long gone by that time, so this is just an empty, crowd-pleasing gesture. But that is not how we read it. Many environmentalists have been pleasantly surprised, and it does seem to represent the beginning of a genuine attempt to get a grip on Britain’s share of the problem. If the evidence of irreversible climate change continues to harden, it will be difficult for any government to retreat from such commitments.
The precise level of the target is not worth arguing about at the moment (for the UK it probably should be nearer 80% by 2050). The difficulty in achieving it is essentially that our entire economies and ways of life are dependent on cheap Fossil Fuels (FF), which are an extremely hard act to follow. The benefits of FF, especially oil and gas, are enormous and tangible; their financial costs are small; and their environmental costs are invisible at the point of use. None of the alternatives can match all of that. Nevertheless we have to find alternatives, and the choices are difficult.
There is a problem of timing. In broad outline we can see what a low-carbon world could be like, and we can even see what a fully sustainable Britain might be like in say 100 years’ time. We would like to be there now, but that is impossible. It will take at least fifty years to make the transition. But this next fifty years are a crucial part of the human/climate dynamic. We must get the carbon emissions down as quickly as possible. The logic then, is that there are two distinct phases to the development of sustainable energy (and indeed to sustainability in general, but that is another story). The first is a kind of emergency ‘first aid’ transition that would last around 50 or at most 100 years, with the express purpose of minimising the risk of runaway climate change. The second would be a slower, more civilised, long-term process with permanent arrangements and perhaps permanent changes of aspirations and lifestyles. These two phases are as different as first-aid or emergency medicine is from ‘healthy living’. Cardiac massage, antibiotics, tourniquets or blood transfusions are not essential to health. In fact they are rather unpleasant and risky, but occasionally they are required for sheer survival.  In the emergency phase there will be all sorts of expedients that can be reconsidered later, and it is important not to suppose that emergency installations will remain a permanent feature.  The two phases will overlap, but they should not be confused.
A sustainable transitional energy policy for any given nation must 

· provide an adequate supply of energy services to the national economy (to be politically possible at all)

· have rapidly reducing carbon emissions (to keep within the prescribed limits) 
· satisfy approximate requirements of international equity (otherwise global agreements will be impossible)
· Dovetail into the permanent sustainable arrangements (the baton must not be dropped). 
There could be numerous ways for a country to meet these joint requirements. In the longer term, a national strategy could well be influenced by international strategies. We can image situations where, by international agreement, energy technologies are allocated on the basis of available resources and the output traded widely across borders. Iceland is considering using its vast resource of geothermal heat to generate hydrogen for export. Hypothetically,  giant nuclear complexes around uranium mines in, say, Namibia could do the same, as could  ‘photovoltaic farms’ in Algeria or massive tidal schemes on the coasts of Britain and France, with surplus electricity sold into the European grid. And so on.
But we do not yet have such arrangements politically. And technologically we still do not have the means to trade non-fossil sources over large distances. So for the time being, each nation has to be responsible for its own energy policies and their global effects, within the partial frameworks that have emerged in the last few years. Chief among these are the Kyoto Protocol, the recommendations of the UN’s Intergovernmental Panel on Climate Change (IPCC) and the unofficial but widely-supported notion of Contraction and Convergence. The world target suggested by the IPCC is a 60% reduction of 1998 carbon-emission levels by 2100, starting as soon as possible. In national terms this can reasonably be allocated on a per capita basis, and it is hard to quarrel with this notion for a world resource.
In Britain’s case, per capita allocation calculates to something like 20% of the 1998 level. If we take this as a starting point, how might we go about designing a sustainable energy system for the UK?  In some respects this is a well-trodden path. The Royal Commission for Environmental Pollution (RCEP) for example, on whose work the White Paper is largely based, outlined four plausible scenarios with various mixes of technologies and organisational changes.
Let’s give some illustrations. Assume 70% reduction as a debating level (ten percent either way does not greatly alter the pattern of the arguments).  In order to set limits to the discussion, consider two extreme ways to reduce emissions to 30%. One is a supply-led approach: to substitute the FF with non-fossil alternatives irrespective of the level of demand. The other is a demand-led approach: to reduce fossil fuel consumption through reductions in consumption, keeping the non-fossil element the same. 

[image: image1.wmf]0

20

40

60

80

100

120

Present

Pure

'supply'

approach

Pure

'demand'

approach

Percent of present

Nonfossil

Fossil


[image: image36.jpg]Figure 1: Wind Power Cunuilative Capacity EU 15

30000

25000

20000

15000

10000

vear





Figure 1 illustrates what these extremes might imply in 2050. At present about 90% of primary energy is fossil fuels (first bar in the chart). Essentially that means getting the black section of these bars down to about 27% of the present total. 

The two extremes then, are 
a) to allow energy demand to find its own level, and replace 70% of the present fossil component with nonfossil alternatives (second bar in the chart – in this case with total demand extrapolated from 1990-2000 trend);  or 
b) to keep the present level of nonfossil sources and simply shrink the fossil element (third bar in the chart).  
It should be fairly obvious that either of these extremes is likely to be contentious. Imagine for example that the hatched section in the middle bar is principally nuclear energy. That would entail a twelve-fold increase over present nuclear capacity. Or alternatively, imagine that the hatched section is met by on-shore wind power. That would require a several-hundredfold increase over present capacity. While both options are technically possible, there would be vigorous resistance, to put it mildly.  But the other extreme, the demand-led strategy using only 30% of existing energy, with severe challenges to life-styles and aspirations, would generate even more resistance, and from a much wider segment of the population. 

What are we to do? It is fairly obvious that the extremes are unviable, at least in the foreseeable future. Instead, we need judicious mixed portfolios between them.  ‘Debating examples’ are given in Figure 2.   There is widespread agreement that ‘rational use of energy’ (RUE) involving a wide range of efficiency-increasing and demand-reducing measures is the easiest and least controversial, and should be the cornerstone of any strategy. RUE can be extremely cost-effective for the first 10% of demand-reduction, and reasonably cheap for the next 10-20%. After that it gets more difficult and ‘political’.  
Figure 2
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Figure 2 shows three examples compared with today’s mix, each with a substantial component of RUE.  ‘Super-France’ is a credible extension of the strongly nuclear strategy followed by our neighbours across the channel. It is an option urged by some experienced analysts, many of the professional engineering institutions, and—famously now—by Jim Lovelock. The ‘Lean Green’ option is what we might expect from the conventional green lobby: reduction of demand to its political limits, and no nuclear component.  These two cases share the paradoxical status of being sincerely meant by their supporters but viewed by their opponents as a reductio ad absurdum.  We will return to this paradox later. What most analysts expect, and what we see in the scenarios of the RCEP, is a combination of many different approaches, including the presently-immature but technically feasible technologies of ‘carbon capture and storage’ that will allow us to burn fossil fuels, yet prevent the damaging CO2 from getting into the atmosphere. This is represented in the final illustrative example in Figure 2. Such mixed strategies try to minimise the contribution of any one type of approach. It is worth noting that mathematically, if one particular class is ruled out for any reason, others must of necessity increase.
Where does this leave the current debate?  Even within the emergency-50-year time frame, do we keep arguing until we have collectively decided the best strategy? Or should we at least be getting on with something?  In favour of the latter, we notice climatologists are getting unprofessionally shrill, glaciers are visibly receding, and small island nations in the Pacific are demanding action. There is inevitably a demonstration effect from a high-profile nation like the UK:  what we do could strongly affect policies elsewhere. Let us assume then that we ought to be making a start. Let us accept for now that we are ‘allowed’ 30% of present fossil consumption. Let us also take RUE as a given that almost everybody agrees on, and it can deliver demand reductions of between 30 and 40 percent. That still leaves a potential shortfall in supply of at least 1000 terawatt-hours per year to find from non-carbon sources. 
It is at this point that the big arguments begin, because the two presently-mature non-fossil sources are nuclear energy (NE) and on-shore wind power (WP). As we have already noted, these are the subject of ‘acquired phobias’ by two groups that show almost no overlap. The lack of overlap is logically surprising, but politically revealing. In the traditional green movement ‘Nuclear Power, No Thanks’ is more or less an article of faith. It is not merely non-negotiable; it is unthinkable. The majority of the population is less sure, but according to opinion polls is broadly hostile to nuclear power.  That majority appears much less opposed to wind-power (see poll results in Table 1), but there is strong hostility among some influential sections of British society that includes the Countryside Commission, the Ramblers, and a large number of rural retirees and second-home owners. The organisation ‘Country Guardian’ campaigns directly against wind farms more or less anywhere, and Country Life magazine is running a no-holds-barred campaign. 

Table 1
	MORI 1998

Commissioned by ENRON
	
	
	MORI 2002

Commissioned by GreenPeace
	

	Q3 Still thinking ahead to ten years from now, which, if any, of these do you think power stations should be using more of?


	
	
	Q1 If the costs of supplying the UK's energy needs were the same by either nuclear power or renewable energy sources, which, if either, would you prefer?
	

	Coal
	12
	
	Much prefer nuclear power
	3

	Natural gas
	31
	
	Slightly prefer nuclear power
	3

	Nuclear energy
	15
	
	I have no preference either way
	17

	Oil
	5
	
	Slightly prefer renewable energy sources
	12

	Renewable forms of energy (eg wind power)
	43
	
	Much prefer renewable energy sources
	60

	Other
	1
	
	
	

	None of these
	
	
	Prefer nuclear power
	6

	Don’t know
	7
	
	Prefer renewable energy sources
	72

	
	
	
	Don't know
	5


If we want to have a rational public debate about energy policy, we have somehow to lower the temperature. Feelings run so high on either side that proper debate is difficult. Our approach is to try and draw up a list of criteria by which all might be content to judge energy technologies, and see how these are applied to the contending technologies on both sides. Where there is disagreement we can start to explore the underlying reasons. Here are some areas where we could start a debate:
· Environmental impacts
· 
Climate change

· 
Biodiversity and habitats

· 
Human health

· 
Culture and amenity
· Political implications
· 
Demonstration effects outside the UK

· 
Civil liberties

· 
Post 9-11 compliance

· 
Jobs and exports
· Technical aspects:

· 
Actual and potential costs
· 
Speed of installation

· 
Reliability and security of supply
· 
Likely developments in technology

Different weightings of such factors will give different preferences, and we might well find that they follow conventional political leanings. But not always. There are massive disagreements, and it is all rather complicated. The issues are often too difficult, subtle and complex for the general public to grasp, and they can be exhausting. Usually they are just too much for most people to give adequate time to, and very often we don’t have enough data to give secure and agreed judgements in any case. Think for example of the civil liberties critique of nuclear power. Critics of NE tend to give civil liberties a relatively high weighting, and they judge NE to be highly risky in this regard (although the two are not logically linked). That, for them, is more or less a killer argument. Defenders of NE on the other hand will judge the risk low, and very often will give a much lower relative weighting to civil liberties vis-à-vis other desiderata. This, for them, relegates the critique to the negligible, needing no further discussion. Imagine how much detail must be gone into to try and resolve this question.   So the battle goes on mostly among experts and among committed partisans. But meanwhile the clock is ticking and ultimately we do have to go through democratic processes and public debate.   In our view the best approach is actually to seek out the points of disagreement and try to understand how they have come about. As Popper might have remarked here, your opponents are the fastest route to unravelling the problem.
Traditional Greens must consider the pros and cons of NE and the conditions under which it might be used. Defenders of the sacred landscapes of Britain must consider likewise with regard to wind farms. Entering the debate does not mean that either of these technologies will be approved or adopted. In fact rational debate could easily prove the coup de grâce for either or both. But we need to get stuck in. 

Here are some examples about which we can start debates. First, what’s good about wind power? Given that it would be part of a wider renewables energy deployment, it makes sense to discuss it in the context of other renewables. 
Table 2a
	Positive features of Renewable Energy (RE) technologies in general
	…of on-shore wind power (WP) in particular

	Their environmental impacts are local and reversible, and are not necessarily negative
	Yes. Decommissioning easy with minimal residual effects. Windfarms compatible with other agricultural uses.

	Worst case accidents are relatively small and local
	Yes

	Environmental costs are impossible to export

Costs and benefits fall within the same polity
	Yes, but only on a national scale. On a local scale some people do not see it that way -- feel they bear a disproportionate share of the costs

	In world terms, proliferation of renewables is probably the option with least political and morbidity risks
	Yes?

	The underlying resources are not easily cornered by commercial or political interests; there is a kind of built-in equity
	Certainly true of the wind!

	Unit costs are steadily declining
	Onshore wind is presently the cheapest RE source and costs are dropping fast 

	Renewable installations can usually be developed in phases

· Attractive to private investors
	Yes

	Relatively small scale makes local investment feasible
	Already routine for WP in some countries, becoming more popular in UK

	Capable of rapid development
	WP growing at 40% a year in Europe. 16GW of capacity in Germany installed in 14 years.

	There are many different kinds with useful complementarities
	WP is much more useful when combined with other sources

	Robust against sabotage; therefore supply secure against deliberate attack
	WP is distributed. It would take enormous effort to damage a significant number of wind turbines

	UK has very good renewable resources

· offering long-term security of supply

· And potential exports of both equipment and surplus energy
	UK has best wind regime in Europe
Could develop a domestic manufacturing industry with export markets

	
	


Each of these points can serve as a starting point for rational debate.  Now what is bad about RE?
Table 2b
	Negative features of Renewable Energy (RE) technologies in general 
	…of Wind Power (WP)

	Expensive compared with fossil fuels at present prices
	Yes, usually. But (apart from old hydro) it is the cheapest RE and getting cheaper

	Low starting base, requiring very extensive expansion of capacity
	<300MW effective capacity in UK (1GW installed capacity) relative to 75GW total electrical capacity 

	Many have low energy-densities

· Therefore large capture areas

· Therefore visual intrusion
	Probably the most visually intrusive of all energy technologies per unit of output, depending on context (biomass is a rival for this distinction) 

	Many have natural-ecological impacts

· Quantitative and qualitative
	Most serious ecological impact during installation. Rather small in operation or decommissioning. No positive impacts.

	Most are intermittent and/or unpredictable

· Necessitating backup plant
	Intermittent but not necessarily unpredictable over several days. Limits proportion in supply mix. Increases costs where backup plant needed

	Often weak on storable and liquid fuels
	Yes, only produces electricity


Overall, on-shore WP is not ‘the best’ RE. It just happens to be the cheapest and most advanced right now. It works best in a context of other sources. Its great glory is that if in the end we decide we don’t like it, or we simply don’t need it, it could all be swept away in a matter of months, and indeed would yield some handy scrap.
Now it is time to do a similar exercise on nuclear energy. It is customary in ‘classical’ environmental circles (FOE, Greenpeace etc) to deny any redeeming features of NE and to talk up even the slenderest drawbacks. But like must be compared with like if we are to have our rational debate:

Table 2c
	Positive features of Nuclear Energy (NE)
	Comments

	Environmentally, has relatively small ecological (natural environment) effects per unit of energy generated 
	From a natural environment point of view, NE might well be the best of all energy sources. (Logically, Earth First! should be strongly pro-nuclear) 

	Environmentally, low visual intrusion on account of high energy density
	By way of rough comparison, 1 nuke = 2-3 gas-fired power-stations or 50 typical wind farms. 

	In human health terms, good on routine safety
	Deaths definitely attributable to routine functioning of NE are low; but data and interpretation remain disputed

	Reliable supplier of base-load electricity
	A distinctive feature of NE. Among the renewables, only biomass and geothermal compare

	In principle a good complement to renewables and the fossil ‘allowance’
	Mixture of base load, intermittent sources and quick-responding fossil fuels make an effective electricity system

	Worst-case accidents are very serious but not terminal
	Large releases of radioactivity would involve mass transfers of population but would not bring about total societal collapse, nor seriously affect biodiversity

	Could be relatively cheap if mass-produced, with safety standards similar to other energy systems
	NE rightly has high safety standards attached; possibly too high in comparison with CC risks

	Possibly decommissioning standards are too high in present circumstances; this would alter the relative economics
	It might be rational to postpone full decommissioning for several hundred years until CC risks are minimised 

	Final disposal of waste could be postponed
	There is no pressing necessity to find a final repository for nuclear waste. It could be left on or near the surface sine die

	They could become a positive disarmament factor by using fissile material from nuclear weapons
	What a nice idea. But disputed.


Here are some negatives about NE:
Table 2d
	Negative features of Nuclear Energy (NE)
	Comments

	There is a risk of diversion of nuclear materials
	Small amounts of fissile material could be used for ‘dirty bombs’; larger amounts could become small atomic bombs. The risk levels are hard to assess, but are likely to increase monotonically with the number of installations.

	There is a risk of attack by terrorism or ‘recreational malice’
	A 9/11 type attack by aeroplanes is unlikely to breach a reactor core, but determined terrorists could work from inside. Very attractive symbolic targets

	Threat to security of supply in the case of attacks or accidents
	Public backlash might force widespread abrupt closures of the entire nuclear component

	Side-effects of ‘climate of fear’ could include greatly constrained civil liberties, and severe inconveniences
	If the point of avoiding climate change is the preservation of ‘civilised values’ it might be questionable to do it through a technology that could destroy them in advance

	Worst-case ‘spontaneous’ accidents are severe
	But not worse than CC-related worst cases

	It appears to be expensive at present costs
	The private sector appears uninterested. A killer fact? But if the alternative consequences are sufficiently dire, the government might simply step in and foot the bill.

	Historically, it has usually taken a long time to construct NE power stations
	The track-record is certainly poor. But standard designs could shorten lead-times. Within the 50-year time-frame, even 15-year construction periods are acceptable if there are many simultaneous starts

	Consumes the bulk of energy research funds
	Risks starving other technological sectors, as it has historically done

	Does not generate heat or liquid fuels
	CHP is theoretically possible to distribute waste heat. In the future nuclear electricity could be used to produce hydrogen

	The Waste Question
	There is still no routine, permanent solution to the problem of final disposal 


Almost any of the items in these tables can be taken as starting points for debate, and we ought to work through them dispassionately and systematically, noting where assumptions start to diverge.  Occasionally we will find that just a few numbers are enough to settle the issue. Take for example the length of time it takes to build a nuclear power station. Experience so far suggests that around ten years is needed from initial design to commissioning, although we have seen as little as five years and as many as fifteen. Critics will spin it one way, defenders the other. Critics will presume the worst: it will always be this long, or even longer for new designs, and that this is a serious drawback. Defenders will assume a best case, for example that standard designs and streamlined planning procedures could make the lead-time much shorter, and there will be no glitches. Well, possibly, or possibly not. Does it matter?  10 years for 1200MW is the equivalent of installing 100MW of WP per year, about the current rate in the UK. We could note also that if we started 20 nuclear power stations at once, ten (or so, does it really matter?) years later we would have 20GW of steady capacity, in principle at least, a very useful nonfossil contribution to our medium-term requirements. 
So here we would have to say, this objection to NE does not appear to be particularly well-founded in the context of the 50-year emergency period. Meanwhile, on the other side, critics of wind power are saying the same thing: that it takes too long to install.  1000MW in 15 years is only 63MW a year, or effectively much less if we allow for the fact that the average output is less than one third of the installed capacity.  Not impressive at first sight, but we must consider that WP is relatively young and starting from a low base. (NE would have looked the same back in the 50s. A comment at the time might have been—to parody a well-known analyst— ‘Oh look, nuclear energy only supplies 1% of our electricity. That’s pathetic, let’s forget it’).  In fact wind power is growing at 40% a year in Europe as a whole (see Figure 3). Denmark meets more than 10% of its overall electricity needs with wind, and from time to time 100%.   Germany—with a much poorer wind regime than Britain’s—has installed 16,000MW of capacity in ten years. So it’s obvious that WP can be installed very rapidly if there’s the political will, and the same applies to nuclear. So this argument is completely without merit. Both sides should abandon this line of criticism and concentrate on other points of disagreement. 
Figure 3
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This is not the place to work exhaustively through the tables. But we cannot leave them without some discussion of the environmental aspects, because it is generally these that cause the bitterest disagreements. 
It is vital for the clarity of the debate, to establish that the word ‘environment’ is used by various protagonists in strikingly different ways. Campaigns against wind farms, nuclear power plants and tidal barrages will all cite ‘environmental impacts’, but they are each talking about different ‘environments’ that cannot easily be compared, or traded off against each other. To summarise:
--  Protestors against wind farms are talking about impacts on visual amenity, on heritage and culture;

-- Protestors against nuclear installations are talking about impacts on human health and safety;

-- Protestors against tidal barrages are talking about effects on habitat, wildlife and biodiversity.

There is no common currency that will allow us to say how much visual intrusion is worth how much extra safety risk or how much habitat disruption. They are quite different things, and it is unfortunate for our debate that they have all been dumped into the catch-all bin labelled ‘environment’.  We have to accept that in switching energy sources it is often not so much a question of more or less environmental impact, but the exchange of one kind of impact for another, perhaps with a completely different set of ethics, fears, hopes, commitments and cultural qualities.  Nevertheless we still have to choose among energy technologies, so we still need to talk to each other across these cultural boundaries.
Where does climate change fit in here? It gathers the several environmental values together in a time-dimension. Whereas upholders of more specific environmental values generally emphasise the here and now, the climate change lobbyists are talking about effects on all other values in the future. It should be obvious that if the worst nightmares are realised there will be drastic effects on cultural and heritage; and human health; and the natural environment. But not yet.  
The main cause of climate change being fossil fuels, we can note something germane to the debate: that the environmental impacts of the three principle classes of energy sources—fossil, nuclear and renewable—cluster in different value-categories.  Generally speaking the fossils are bad on climate change (everybody agrees), nuclear is bad on safety risks (or at least so its opponents claim), while the renewables tend to be bad on visual impact and in some case ecological impact (or so their opponents claim).  The one ‘source’ of energy that has almost no environmental impact is rational use of energy or RUE. This has widespread backing from all sides of the debate and across the political spectrum, at least until the ‘low-hanging fruit’ has been plucked and consumers start to notice restrictions.  These observations are summarised in Figure 4, where shading is used to indicate relative environmental impacts (per unit of energy output) of a variety of energy sources in each value category.

Figure 4
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Space does not permit detailed discussion (or justification) of Figure 4, but it offers a framework for further debate.  It also introduces potential ‘overarching presumptions’ that might allow agreed weightings to various categories. For example if climate change is considered the most serious environmental problem, that is equivalent to giving extra weighting value to that column in the table. Critics might object however that since these are problems of the future a discount rate should be applied. Should it? What rate? Further argument could be expected concerning health risks. Formally speaking a technology that kills 100 people per year is equally ‘dangerous’ as one that kills 10,000 once every hundred years. Yet a special horror attaches to catastrophic mass deaths. Does this justify creating an extra category? Most people would probably agree that it does.

 It is sometimes claimed that the culture/amenity category is the ‘softest’ and should give way before health and safety and ecological disruption. Perhaps, but why? Aesthetics and landscape are connected with ‘civilised values’ and these are precisely what we stand to lose in the event of massive climate change. Is it sensible to throw them away at the outset? Another possible overarching value is reversibility: irreversible environmental impacts (like climate change) should outrank reversible ones (like wind farms). Perhaps medium-term impacts (like nuclear waste)  should be ranked in between. I hasten to remark that these are considerations, not conclusions.
Many of these debates and dilemmas are encapsulated in a cartoon drawn by Joe Ravetz of the Centre for Urban and Regional Ecology at the University of Manchester (Figure 5). The four protest groups represent the four major value-categories of environmental impacts, and the puzzled pair in the middle represent…Policy-makers? The government? Humanity? Us?
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The discussion so far has had the aim of trying to overcome acquired phobias and promoting a necessary rational dialogue on energy policy.. Figure 6 summarises a hypothetical development trajectory, using 80% reduction of carbon emissions as a ‘debating level’..
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The ‘emergency transition’ phase (represented here by 2025) is marked by a greatly expanded nuclear and on-shore wind programme, acting in concert with RUE (demand-management strategies) to reduce carbon emissions by 50%. Other technologies with longer lead-times are beginning to come on stream, notably the sea-based renewables. By 2050 on-shore wind and nuclear are beginning to be phased out, and by 2060 are very small components. They are replaced by a smorgasbord of different technologies none of which dominates, although the fossil-fuel ‘allowance’ remains a large and valuable part of the mix, used partly for ‘filling the cracks’ between intermittent renewables. By 2060 there could also be a significant component of carbon capture and storage, allowing a higher proportion of fossil fuels to be used safely. It will be a much more electric Britain, although the gas grids will play an important part in smoothing supply through distributed microgeneration.. It is a reasonable conjecture that hydrogen, and perhaps methanol, will be widely used as carriers. 
Finally, how will this look to participants in the debate?  One possible approach is to cast judgements into a matrix that will reveal areas of especial disagreement, where further research (and debate) should be focused.  An example is given in Figure 7, but of course even the framing is contentious: faced with the task of listing the most significant evaluation categories, partisans might choose differently. An agreed list might be an important initial task.
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. 
How could the outcomes of such debates affect policy?  An example follows.
Nuclear power, it could be argued, has distinct qualities that would help us through the emergency 50 years. There is a case for tolerating it because, well, there’s a war on. But after that, it should be wound down and left behind. If those with a visceral loathing of NE could see a light at the end of the tunnel they might be willing to put up with a temporary renaissance. And if we could find ways of tapering off the nuclear component quicker, we should, especially since it is not something suitable for widespread dissemination throughout the world. Or is it? Let the enthusiasts make their case and be listened to with respect.
The paranoid wing of the anti-nuclear movement (i.e. most of it, probably) adopts the adage ‘give ‘em an inch and they’ll take a mile’. Once the first new nuke is approved, they imagine there will be one on every street corner, controlled by mad, amoral scientists. We would have to reassure such people that if there is to be a nuclear component in the emergency mix it is limited and pragmatic: that it only exists to forestall far graver problems.  Essentially we need to ‘borrow’ the risk profile of the early 21st century. It can be thought of as a kind of overdraft, to be paid back by later generations, grateful to have avoided the horrors of climate change. 
The same logic applies to the renewables, and especially to onshore wind. An influential minority hate it, feeling it is a threat to precious qualities that have been built up over many centuries.    Again, paranoia makes ‘Country Guardians’ feel that if one wind farm is approved, the next week will see whole forests of fidgeting blades as far as the eye can see. For ever. One can sympathise. But again let us keep a sense of proportion. We need a generous quick-to-install, nonfossil input for about 50 years, and we cannot absolutely rely on nuclear energy. There’s a war on. Essentially we need to ‘borrow’ parts of the British landscape for a while, and after the dust has settled, we will all want to give it back. 
Then it all comes down. The nukes are decommissioned; the waste is all brought together in a large sealed park with high fences and big notices, and simply left to cool off (admittedly for 50,000 years or so!). This will be an unpleasant legacy for the future: the assumption is they will prefer this to climate change. The wind farms too are dismantled and the countryside reverts to its prelapsarian condition. It’s an overdraft that we expect to have the means to repay.
What we suggest now as a heuristic exercise is to debate the following scheme in order to make the assumptions and biases explicit:- 

That we start with a modest revival of nuclear energy in sites where there are already nuclear installations, where local jobs make people sympathetic to the idea. Say ten 1200MW PWRs or equivalent, with a 40-year design life, and no replacements.  Use converted military uranium as well, and gradually run down the UK’s military-nuclear capacity, as a way of promoting non-proliferation. (This kind of measure would help to sell the idea to sceptics, whose antipathy to civil nuclear power almost invariably extends to nuclear weapons).
Let us be frank: in spite of our attempts to be fair to NE, the prognosis is not good. We wouldn’t put money on it. It is not loved. Private investors won’t touch it with a bargepole. Diversion of nuclear material is a real risk. Attempted terrorist outrages are overwhelmingly probable, and the knock-on effects in civil liberties could be extremely unpleasant. Historically NE has gobbled up the lion’s share of energy research funds, and any resurgence would surely make it even more voracious. There is a serious question whether vigorous research into carbon capture and storage would be a better bet for future resources.  In all likelihood, only a very bold demarche such as disarmament through the use of military material could reverse the noxious image of NE in the public mind. Nevertheless in the present circumstances we accept the need to take our ‘bitter medicine’—the phrase is Lovelock’s—and consider with due seriousness the incorporation of a temporary nuclear component in the emergency energy mix.  
Meanwhile, the pro-nuclear, scenery-loving Country Guardians must also take their ‘bitter medicine’. They probably have a weaker case.  Wind farms must not only be accepted because they are an important part of the climate-change-mitigating energy mix, but because they send signals to the rest of the world that we, the tradition-addicted British, were prepared to sacrifice our beloved landscapes for the long-term good of the planet. And if you think about it, so we should, having caused more than our fair share of the problem in the first place. Meanwhile we might hope for a change of heart such as that recalled by Mary Midgely in 1939. Egregious NIMBYism should be replaced by a generous YIMBYism—Yes, in my back yard—offering its wealthy surplus for the good of all, and proud of it.  Rich locals would band together to buy wind machines, and compete to site them closer to their own homes, the better to be shriven. Richesse oblige. This is the coin in which we can repay the world for the thoughtless perfidies of the past.  And in 2050—this is the deal—they will all come down and we can once again look both ancestors and descendants in the face and say, we have fulfilled our real responsibilities to our heritage and our posterity.
The opening up of hitherto taboo debates on both sides is a Faustian Bargain driven by the new ethical understandings required by the prospect of runaway climate change. We all agree that everything must be on the table for serious discussion. Nothing is ruled in or out. Agreed criteria will be used to select the mixtures of technologies. We have to swallow hard and realise that it might end in a situation like this:  
“The RE lobby undertakes not to oppose the nukes if the nuclear lobby will not encourage opposition to wind farms and other RE installations. But only for 50 years. Then they all come down. Is it a deal?”
Secretly both sides will hope the opposition will fail simply for technical, economic or political reasons. But we need some kind of consensus to break the logjam.
We, the authors, would not like it to be said that we are ‘pro-nuclear’. We are not. But it seems to be a necessary condition for getting things moving that we open up our minds and discuss everything as calmly as possible. There’s a war on.
APPENDIX

The Stern Review
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Nuclear and wind have larger proportions in 2025 than they do in 2050. It is notable that ‘efficiency’ or RUE is the largest single component even in 2050.  
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