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ABSTRACT

The concentration of carbon dioxide in the atmosphere is steadily
increasing and it is widely believed that this will lead to global warming that
will have serious consequences for life on earth. The Intergovernmental Panel
on Climate Change has estimated that the temperature of the earth will increase
by between 1 and 3.5 degrees in the next century. This will melt some of the
Antarctic ice cap, raise the sea level and flood many low-lying countries, and
also produce unpredictable changes in the earth's climate. The possible ways of
reducing carbon dioxide emission are discussed. It is essential to reduce the
burning of fossil fuels, but then how are we to obtain the energy we need? We
can try to reduce energy use, but we will still need to generate large amounts
energy. Some possible ways of doing this are by using wind and solar
generators, by hydroelectric and tidal plants, and also by nuclear power. These
possibilities will be critically examined.

1.INTRODUCTION

In December 1997 a large international Conference took place in Kyoto
on the subject of global warming and the means to combat it. This follows the
Rio Earth Summit in 1992 when Governments of the more developed countries
were urged to reduce emissions of greenhouse gases such as carbon dioxide to
1990 levels by the year 2000. It is often expensive or politically unpopular to
do this, and many Governments have shown a marked disinclination to take
effective action. At the Kyoto meeting Governments reviewed the situation and
agreed on targets to reduce carbon dioxide emissions to avert an impending
global catastrophe. These agreements have still to be ratified, and even if they
are ratified, there remains to problem of how to achieve these reductions.

It has long been known that due to extensive burning of the fossil fuels
wood, coal, and oil the concentration of carbon dioxide in the atmosphere is
steadily increasing. This gas acts like the glass in a greenhouse: it lets the sun's
rays through but blocks the secondary radiation. As a result, the earth warms
up, the Antarctic ice cap melts and the level of the sea rises, inundating coastal

- 7 2 -



JAERI-Conf 99-011

regions. While many of us would welcome a warmer climate, there may be
other unpredictable climate changes.

There are other gases that contribute to the greenhouse effect, in
particular methane, nitrous oxide and the chlorofluorocarbons (CFS). The last
two of these are far more damaging per molecule than carbon dioxide. The
concentrations of these gases are increasing annually by 0.4% for carbon
dioxide, 1.2% for methane, 0.3% for nitrous oxide and 6% for CFS.

There has been much argument about the reality of global warming, and
the weight of scientific opinion, as given in the Report of the Intergovernmental
Panel on Climate Change, is that the earth will warm by 1 to 3.5 degrees
Centigrade in the next century, causing a rise in sea level of about 50 cm. These
arguments will not be discussed here; instead, attention will be concentrated on
what we can do about it. Anyone unconvinced by the arguments can consider
the other products of burning fossil fuels which include sulphur dioxide, nitrous
oxide and whole range of noxious substances. These fall as acid rain and pollute
the lakes and forests so heavily that the fishes and the trees die. They pollute
the air we breathe, increase respiratory diseases and shorten our lives.

Apart from these immediate consequences, a rise in the global
temperature may produce far-reaching changes in the earth's climate. We may
already be seeing some of these effects in the warmer weather in some countries
and the floods and droughts in others. On the longer term, a rise in sea level
will practically eliminate many low-lying countries such as Bangladesh and
many islands in the Pacific and Indian oceans, and severely reduce the areas of
many others, including Holland and England, with devastating consequences for
the people living there. We have a serious moral obligation to tackle these
questions before it is too late.

2.POLLUTION

Coal power stations are particularly polluting, and a typical one will emit
each year eleven million tons of carbon dioxide, a million tons of ash, five
hundred thousand tons of gypsum, sixteen thousand tons of sulphur dioxide,
twenty-nine thousand tons of nitrous oxide, twenty-one thousand tons of sludge,
a thousand tons of dust and smaller amounts of a whole range of other
chemicals such as calcium, potassium, titanium and arsenic. To produce one
gigawatt-year of electricity about 3.5 million tons of coal are burnt, and this
contains about 5.25 tons of uranium. Most of this is caught by the filters, but
a few thousand tons of ash will escape carrying with it a corresponding fraction
of the uranium. This accounts for the radioactivity emitted by coal power
stations. All the gaseous waste is poured forth into the air we breathe, and
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inevitably damages our health.

This problem is so serious that it must be studied objectively, by assessing
as far as we can the consequences of various proposed solutions. There is no
place for emotion or rhetoric, prejudice or politics.

3. WAYS TO REDUCE CARBON DIOXIDE EMISSIONS

It is essential to reduce the burning of fossil fuels. The only practicable
ways are to increase the price or to replace them by some cleaner source. Just
raising the price is a counsel of despair that bears most heavily on the poor.
Unless some system of differential tariffs is devised, they will no longer be able
to heat their homes or cook their food.

It is far better to find another solution. One possibility is to use energy
more efficiently. We could moderate our lifestyle by adjusting our thermostats,
avoiding unnecessary journeys, walking instead of driving, and using public
transport wherever possible. We can insulate our homes, lag pipes and install
double glazing. Industrial processes can be re-designed to improve the efficiency
of energy use. Any resulting reduction in price can have the unwanted effect of
increasing energy use. In spite of all efforts to reduce energy use in these ways,
it still continues to rise rapidly. Any attempt to limit it further would seriously
damage living standards, particularly those of the poorer people.

Thus increased efficiency is valuable, but the net effect is limited, and so
we have to see if there is another energy source that is non-polluting. The
renewable energy sources are particularly attractive, as apart from the emissions
due to manufacture they are completely non-polluting. Hydroelectric power has
long been a major energy source, but in most developed countries has already
been exploited to the maximum possible extent. There are just not enough
suitable rivers; while it is excellent for Norway and Switzerland, it is useless
for Denmark and Bangladesh.

The next most promising renewable source is the wind. In the last few
years wind turbines have increased in efficiency and the costs have come down.
The amount of energy in the winds is enormous, but it is so thinly spread that
many hundreds of wind turbines are needed to equal the output of a coal power
station. Wind speeds vary erratically, and the turbines operate over a limited
range: if the wind speed is small the power output is small and if it is very large
the blades have to be feathered to avoid damage. The result is that wind power
is unreliable and somewhat more expensive than other sources. The present
contribution of wind power to Britain's energy needs is 0.16%, and it will be
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a long time before it makes a significant contribution.

The other renewable energy sources, solar, tidal, wave and geothermal
are all either of limited capacity, or too expensive to provide useful amounts of
power. This is shown by the recently published plans of the European Union to
spend £110 billion to double the contribution of renewables to 12% by 2010.
Nearly all of this (96%) is hydropower and the burning of wood and farm
wastes. In 1995 the contribution of wind power was 4 TWh (terawatt
hours),0.2% of the EU total, and by 2010 it is proposed that this be increased
to 80 TWh, or 2.8% of the total. Solar power is to be increased to 0.35%, and
geothermal to 0.2% of the total. Overall, it is proposed to spend £43 billion on
wind, solar and geothermal to obtain an extra 82.5 TWh, just 3% of the EU
total. It is difficult to avoid the conclusion that a totally disproportionate
expenditure is being proposed for a very meagre return.

4. NUCLEAR POWER

There is another energy source, the nucleus of the atom. For the same
investment it would be possible to build a hundred nuclear power stations that
would reliably generate at least a thousand TWh. This is a well-tried technology
that already generates about 20% of the world's electricity, and this can easily
be increased. France is already about 80% nuclear and as a result has the
cheapest electricity in Western Europe, and is able to export it to Britain,
Switzerland and Italy. Western Europe as a whole is about 50%. nuclear. In
1988, for example, 1866 billion kilowatt hours of electricity was generated by
nuclear power stations. The same amount would be produced by burning 900
million tons of coal or 600 million tons of oil. Thus the emission of 3000
million tons of carbon dioxide is saved by using nuclear instead of coal or oil.
As countries go nuclear, so their rate of carbon dioxide emissions fall. Since
1970, France has halved its emissions, Japan (32% nuclear) has achieved a
reduction of 20%, while the USA (20% nuclear) has reduced it by only 6%.
The emission of noxious gases like sulphur dioxide is also dramatically reduced
by going nuclear.

The British Government has set a target of a 10% cut in the period from
1990 to 2010. By 1995, a reduction of 6% had been achieved, and this is due
to the increase in nuclear output by 39% from 1990 to 1994. However, if no
more nuclear power stations are built, this is set to rise steeply in subsequent
years as the older nuclear power stations retire, and the Government will find
it impossible to reach its target. Many new gas power stations are now being
built, and these emit only half the amount of carbon dioxide as coal power
stations. However this is offset by the leakage of methane, which has a global
warming potential about sixty times that of carbon dioxide. These two effects
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are about the same, and so if this is true then no reduction in global warming
is to be expected from the switch to gas power stations. Even if this effect is
neglected, then if gas increases to 43.5% while coal declines to 2.5% we can
expect a 10% reduction is carbon dioxide emissions, while if nuclear rises to
43.5% at the expense of coal there will be a reduction by 20%. Some recent
estimates of the emission of carbon dioxide (in tonnes per gigawatt hour) from
various power sources are: coal 870, oil 750, gas 500, nuclear 8, wind 7 and
hydro 4.

The importance of nuclear power in reducing carbon dioxide emissions
has been admitted by a recent report of the parliamentary Select Committee on
Trade and Industry which says that "without a significant component of nuclear
power generation the plant mix achievement - or maintenance - of the
Government commitment to a 20% carbon dioxide reduction on the 1990 level
in the period after 2010 appears doubtful". If no more nuclear power stations
are built in the UK, there will be only three in operation by 2015.

It is thus difficult to see how global warming can be averted without more
nuclear power stations. Statistical analyses show that they are demonstrably
safer than other energy sources. Surprisingly to many people, they emit less
radioactivity than coal power stations, and the costs of decommissioning are
relatively small. The problem of waste disposal has been solved: the radioactive
fission fragments can be sealed in insoluble ceramic, put in stainless steel
containers and buried deep in a stable geological formation. Long before any
radioactivity can escape, it will have decayed naturally to a level similar to that
in the surrounding rocks. The onus of demonstrating a better way to combat
global warming lies on the opponents of nuclear power.

In order to stabilise the emission of carbon dioxide by the middle of the
next century we need to replace 2000 fossil fuel power stations in the next forty
years, equivalent to a rate of about one per week. Can we find 500 sq.km. each
week to install 4000 windmills? Or perhaps we could cover 10 sq.km. of desert
each week with solar panels and keep them always clean. Tidal power can
produce large amounts of energy, but can we find a new Severn estuary and
build a barrage costing £9 billion every five weeks? The same sort of question
could be asked about nuclear power. The answer is that in the peak period of
nuclear reactor construction in the 1980's the average rate of construction was
23 per year, with a peak of 43 in 1983. A construction rate of one per week is
thus quite practicable. It is a well-tried and reliable source whereas the
alternatives are mainly wishful thinking.
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5. THE LONG-TERM OUTLOOK

We may also reflect that if we do not solve the problem now, then it will
soon be solved for us. We are living in a very special period in human history
when oil, gas and coal are readily available. At present rates of consumption oil
production will peak in the first half of the next century and will thereafter fall
rapidly, as shown in the Figure. The world average duration of oil supplies is
about 45 years, and of gas about sixty years. The world average duration of
coal reserves is about two hundred years. After this time, fossil fuel burning
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The expected duration of fossil fuels, AD 0-3000.

Oil and natural gas will last only for a moment in man's history.

(Sir George Porter, President of the Royal Society. From "Is Science
Necessary?" by Max Perutz, Oxford University Press, 1991).

will cease and alternatives will have to be found. The only practicable large-
scale energy source will then be nuclear power and so inevitably it will have to
be developed on a large scale. If we continue to burn the fossil fuels we not
only pollute our earth and bring on global warming, we also deprive future
generations of these valuable materials, the bases of the petrochemical
industries. Would it not be better to solve these problems now by further
developing nuclear power, instead of waiting until it is too late?
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