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NUCLEAR ENERGY AND THE ENVIRONMENT

R. Skjoeldebrand

ACID RAIN AND THE GREENHOUSE EFFECT

My thesis is simple: The world will need more energy and not less in the coming
decades but we must recognize that this enormous energy consumption entails
dangers to our environment not only locally but regionally and internationally
through the emissions from the burning of fossil fuels which now provide 85%
of the world's commercial energy supply.

More than 20 years ago we knew that the sulphur and nitrogen oxides (SO2 and
NOJ coming from the burning of coal and oil cause acid rain which in turn can
cause the death of forests and lakes. The costs of forest destruction in Europe
from acid rain has been estimated to some US$ 30 billion per year and there are
tens of thousands of lakes in Scandinavia which are dead or dying with little or
no biological life. There is a disaster area around the corner between Germany,
Poland and the Czech Republic. In many European countries the deposits of SO2
and NOX are imported (figs 1 and 2). The damage is by no means limited to the
energy hungry industrialized countries. One example is the northeastern region
of China with heavy pollution and serious damage to biological life. Still, we
have in 20 years not been able to explain the biological process by which the
forests are affected.

We know that we have made significant changes in the earth's atmosphere.
Since the beginning of the industrialization the content of carbon dioxide (CO 2)
has increased by more than 25% due to the burning of fossil fuels. In the same
time span methane has more than doubled and nitrous oxide gone up by 10%.
We have also added manufactured CFCs which did not exist in nature before.
(Fig.3) AM these gases have in common that they absorb heat radiating from the
earth which is assumed to lead to global warming and global climate change
through the so-called greenhouse effect. This is by no means a newly found
phenomenon. Already 1896, the Swedish chemist Svante Arrhenius stated that
without the heat absorption of CO2 in the atmosphere the earth would be some
30° cooler, probably excluding any human life. Serious scientists now fear that
the changes in the atmosphere will increase this effect. The contributions of the
four main greenhouse gases have been calculated as shown in fig. 4. As we
know from where the gases originate it is also possible to calculate the
contributions of the sectors of human activities (Fig.5) Fossil fuel use
contributes almost 50%. There is now far-reaching agreement on a gradual
phase-out of the production of CFCs which also contribute to the thinning of the
ozone layer and the formation of the ozone holes over the poles. Methane
emissions are difficult to reduce because of their origins which are coupled with
the production of staple foods for most of the people. Thus, the highlight has
come on CO2 and what can be done to reduce emissions of it. Many would have
us believe that the answer is simple: Just use less fossil fuels!
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Global climate change was one of the principal concerns at the 1992 Conference
on Environment and Development in Rio, the so-called "Earth Summit". It was,
however, remarkable that very few speakers addressed the question of energy.
The Conference adopted a Framework Convention on Climate Change which
establishes the goal of stabilizing greenhouse gas concentrations in the
atmosphere at levels which would not interfere dangerously with the climatic
system. However, the Convention does not say how this is going to be done.
Some countries, especially industrialized countries in Western Europe, have set
themselves goals of stabilizing CO2 emissions at or even below the level of 1990.

The predicted increase in the greenhouse effect is by no means undisputed. It
was unequivocally stated by the prestigious Intergovernmental Panel on Climate
Change (IPCC), in which many of the world's best atmospheric scientists have
worked together for more than 6 years, that we must expect a global warming.
Still, there are some questions to which we still do not know the answers:

If the changes in the composition of the atmosphere already are so
significant, why do we now only see climate changes which are totally
within the normal range of variations?
What can possible countereffects, such as increased cloud formation
mean?
The increase in the CO2 content corresponds to only about 1/2 of the total
emissions. Where did the rest disappear? And why are the greenhouse
gas contents in the atmosphere beginning to stabilize?

In addition, we must admit that our calculation methods for the expected climate
change are inadequate. They do not permit to forecast with any certainty how
a global climate change will affect different regions of the world. There is thus
at least some reason for governments to doubt the predictions and they are in
a classical situation of having to take decisions in the face of uncertainty. In
addition they are told that there are basically only two options between which
to chose: energy conservation and substitution of coal and oil with new
renewable energy sources, i.e., biomass, solar, wind and geothermal. These now
contribute some 0 .1% to the world's commercial energy supply and the
development potential of them still remains hypothetical. There is, of course, one
energy source which is proven on a large scale, now contributes 6% of the
energy supply and has no emissions of either CO2 or SO2 and NO,,, namely
nuclear power. This is, however, deemed at least inopportune to mention by
most of those engaged in the greenhouse debate.

FUTURE ENERGY NEEDS AND SUPPLIES

It may be useful to take an unprejudiced look at the situation and to separate
facts from wishes. For that purpose some neutral sources can be quoted,
sources which cannot be accused of being either pro- or antinuclear, namely the
International Energy Agency (IEA) of the OECD and the World Energy Council
(WEC). These organizations see a clear increase in the energy demand over the
next decades up to 2020. The foremost reason is the increasing world
population (Fig.6) and the ever increasing part of that population which will live
in urban areas (Fig.7). The great majority, living in the present developing
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countries, have a justified ambition to improve their lots and will need more
energy in order to do that. At present, a Western European on the average uses
136 GJ of energy per year while the corresponding figure for an Indian is 13 and
here in Egypt it is 24. Especially energy use in the form of electricity is a
measure of the stage of development. A Western European uses 5,700 Kwh of
electricity per year, in India it is 356 Kwh and in Egypt 754. Briefly, developing
countries with 3/4 of the world's population now use 1/3 of the the energy and
1/4 of the electricity produced in the world. It is clear that there is a strong
need to move towards more industrialization and, consequently, more energy use
in the developing world. It is also clear that here it is not possible to save or
conserve energy which is not available to use. The best we can hope for is, that
in the developing countries, it will be possible to adopt more energy efficient
processes from the beginning, avoiding some of the past wastage committed in
the present industrialized countries and thereby slowing the rate of increase in
the demand. It is not surprising that IEA foresees a possible increase in global
energy demand of 30% between 1990 and 2010 and WEC likewise sees an
increase of 50% between 1990 and 2020. (Fig.8) Most of this increase will
occur in the developing countries and one must recognize the importance which
development in China and India with 1/3 of the world's population will have for
the rest of us.

Such scenarios, naturally, also take into account savings which are deemed
feasible to achieve. It may be worthwhile to mention that in the industrialized
world there has already been a saving of primary energy use of about 30% since
the first oil price shock in 1973 in comparison with what would have been used
if these countries had followed earlier trends in a "business as usual" scenario
(Fig.9).

Both IEA and WEC are pessimistic about solar, wind and other new renewable
energy resources. IEA estimates that only 1 % of electricity will be generated
from such sources in 2010 and WEC gives 1.5 - 2% of total energy supply in
2020. WEC has stated that "it is unlikely that, in the foreseeable future,
renewables will be able to offer economically viable alternatives to fossil fuels of
such magnitude that they will have a significant impact on the world's
environmental or overall energy balance." The reason for this pessimism is the
poor characteristics and systems problems which work against economics.

Neither IEA nor WEC have found that it will be possible to stabilize CO2 emissions
even if they have investigated several possible energy mixes to supply the
demand. The aim of some countries to contain emissions at 1990 levels is
characterized by WEC as simply unrealistic. The most optimistic scenarios with
the lowest emissions are in both cases based on a much expanded use of nuclear
power.

THE NUCLEAR POWER OPTION

Nuclear power now provides about 6% of the world's energy supply and 17% of
the electricity which is only slightly less than we get from hydro power. In a
number of countries the fraction of nuclear power is very much more (Fig. 10).
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In fact, if the currently operating nuclear power plants had been coal-fired the
total emissions of CO2 would have been higher by 7%.

In France the decision was taken in 1973 to launch a major nuclear power
programme, not for any environmental reasons but because the government
wanted to reduce the dependence on imported oil by diversification of energy
sources and there existed confidence in the French nuclear power technology.
In 1980 the first power plants of this new programme started to make an effect
and the development in regard to emissions since then has been remarkable (Fig.
11).

One response to the need to take decisions in the face of uncertainty is to opt
for the decision which will give benefits anyhow. The French example may be
worth considering at least in industrialized countries. It has not only brought a
degree of energy independence and stable and low electricity prices but also
major environmental benefits.

Besides in France there are strongly expanding nuclear power programmes also
in the "tiger" economies in the Far East, in Japan, South Korea and China.
Otherwise nuclear power appears stagnating. There are in many cases good
reasons for this, such as too much generating capacity having been constructed
in the past. Still, the main reason is that nuclear power is hampered by a serious
lack of public and political acceptance in a large number of countries. The two
major accidents at Three Mile Island in the USA in 1979 and in Chernobyl in
1986 certainly are a major reason for this. Even where nuclear power is an
important contributor and the safety record has been excellent, public opinion still
will not permit more plants to be built. Sweden has had a moratorium for new
plants since 1980 and there is a decision to phase out all nuclear plants by 2010.
In Finland, where a new plant is needed soon and the alternative to nuclear is a
coal fired plant, parliament last year decided not to permit building the nuclear
plant. In Spain, a few weeks ago, the government decided not to complete five
power reactors which had been under construction until a few years ago. The
reason is no doubt a deep seated mistrust among the public against nuclear
power and the potential radiation risks from it. Such a mistrust must be taken
seriously and only education over a longer period of time can help to alleviate it.
Arguments of environmental advantages in normal operation will not likely make
any significant change. If we are to see a more general revival of nuclear power
there are at least four basic conditions which must be fulfilled:

• Governments must demonstrate their confidence in the technical solutions
to high level waste disposal and start construction of real pilot disposal
plants as will be done over the next decade in Sweden.

• Safety must be demonstrated by continued safe operation of all nuclear
power plants everywhere. New plants must be built to even stricter safety
standards, e.g. to meet the criterion that no evacuation of the surroundings
should ever be necessary in the case of even very severe accidents - a
criterion which some countries consider they have already fulfilled by
backfitting existing plants.
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• Nuclear power plants must demonstrate their economic viability so that
they can be chosen in economic competition with alternatives. When we
arrive at methods to set costs on environmental and hea'th impacts of
different energy sources this should favour nuclear power, but until then
nuclear power must make the race without consideration of its
environmental benefits.

• The spectre of further proliferation of nuclear weapons must be banned,
production of further weapons material in the weapons states must be
stopped and there must be concrete and visible steps towards nuclear
disarmament.

It is by no means impossible to meet these conditions. We are already seeing
positive effects in disarmament and arms control and individual states can point
to success in meeting some or all of the conditions. To obtain general progress
everywhere, and to persuade the public that this is the case, may take some
time, however. There are reasons for optimism as more and more of the opinion
shaping institutions recognize the need for nuclear power. The Club of Rome is
certainly one such institution which in the beginning was very skeptical about the
benefits of nuclear power. In a report two years ago it stated that "the use of
coal and oil is probably more dangerous to society, because of the carbon dioxide
they produce, than nuclear energy. There are therefore strong arguments for
keeping the nuclear option open ...". Clearly the incentives for nuclear power are
strong but more than statements of learned men will be needed to revitalize the
option. The public and the politicians must accept it.

RADIOISOTOPE AND RADIATION TECHNIQUES AND THE ENVIRONMENT

The most essential contributions to environmental improvement would
undoubtedly come from a more extensive use of nuclear power worldwide but
one should not disregard the importance of radiation, radioisotopes and nuclear
techniques in monitoring and protecting the environment. A few examples may
show this.

The present inadequacy of our knowledge of the behaviour of the greenhouse
gases and of the effects of the gases and the poor calculation models we have
to predict the greenhouse effect have already been mentioned. There is a
possibility to study the earth's past climate history through isotopic analysis of
small air bubbles included in the ice of, e.g., the antarctic polar cap or the
Greenland ice cap at various depths. Such measurements on drilling cores of ice
have - with very complex interpretations - given a clear correlation over the past
160,000 years between the contents in the atmosphere of methane and CO2 and
the temperature (Fig. 12). However, this does not show what was the cause and
what was the effect.

Climate change will depend not only on the atmosphere and its content of
greenhouse gases. The atmosphere must be seen as part of an overall system
which also includes the land, the oceans, the ice caps and the biosphere. So far,
we have known little about exchanges, e.g., between the atmosphere and the
vast masses of water in the oceans, which certainly delay and possibly could
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avoid global warming altogether. Studies of radioisotopes appearing in nature at
various locations can help to give answers. It is first carbon-14 which exists in
nature, always being produced by cosmic radiation in the atmosphere. Secondly,
there is tritium which was formed in the atmospheric nuclear weapons tests in
the 1950s and 1960s. These tests also increased the amounts of carbon-14 in
the atmosphere, giving a signal in time for increased carbon-14 contents.
Through sampling and measurements it is hoped that it will be possible to learn
more about how water circulates in the ocean and how CO2 is exchanged
between the water and thge atmosphere. This would be important in our efforts
towards learning more about the greenhouse effect. It is worth mentioning that
IAEA's Marine Environment laboratory in Monaco recently was awarded a
scientific award for research in this area.

In the Mediterranean the lack of sewage treatment plants and increasing pollution
along several coastlines are a cause for increasing concern. To study the
behaviour of the waste until it finally deposits on the seabed a radioisotope of
gold has been used as a tracer in French experiments. In the Adriatic part of the
Mediterranean we have seen occurrences over the last several years of unusual
increases in the fertilization of the sea, giving rise to rapid growth of algae. It
was believed that this was due to fertilizer run-off from the fertile Po valley and
isotope techniques are now giving us a chance to verify if this is correct. There
is a problem here in Egypt with the silt outside the Nile delta which is slowly
drifting east and not any more replaced by the Nile. I do not think that this
phenomenon can be studied without the use of isotope techniques.

The isotopic composition of petroleum has shown significant differences between
different oil fields which gives a chance to determine the source or sources for
significant oil spills at sea. Isotope techniques were used by the IAEA Marine
Environment Laboratory to study the extent of contamination of the Gulf marine
environment following the massive oil spillage during the Gulf war.

The use of agrochemicals has been essential for the "green revolution" which
now has made it possible - at least in theory - to provide adequate nourishment
to all people on the earth. They do have their negative effects, however. The
example of fertilizer run-off from the Po valley has been mentioned but pesticides
can be even more obnoxious. Rachel Carson started the consciousness of this
when she in her book "Silent Spring" pointed to the effect of DDT on the eggs
of many species of birds. Our present use of pesticide poisons is essential and
effects can be very complex to evaluate. Radioisotope techniques have since
many years made studies of pathways and effects possible in the land
environment. We now have learnt that pesticides also can reach the coastal
waters, where there have occurred large kills in shrimp and fish farms attributed
to pesticides. Again, it is isotope techniques which give the possibility to study
how pesticides behave in the marine environment, notably in tropical lagoons
which have proven sensitive.

Fresh water resources and their judicious use are a priority issue in many areas
of the world. Isotope techniques are essential for any hydrological investigation
to determine, e.g., the age and replenishment rate of a subterranean source to
avoid overexploitation. Here in the Nile valley they have been indispensable in
studies of fresh water resources and have given us answers to such questions
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as if a fresh water resource is replenished from the Nile or runs the risk of drying
up, if there is infiltration of Nile water into adjacent groundwater and the
contribution of irrigation to replenishment of groundwater.

The IAEA has been involved in a major ecological investigation of the Amazon
region in view of the deforestation which is going on. Through use of isotope
techniques it was possible to determine that about half of the rain water which
falls in the area originates there. Extensive deforestation could bring with it a
risk of not only a local climate change but probably also cause less rain in
adjoining, drier regions.

These somewhat scattered examples have been given to show that isotope
techniques give an extremely powerful - and indeed indispensable - tool for
environmental monitoring and investigations at all levels, local, regional and
global. There are some other techniques which give the possibility to diminish
the environmental impact of some of our daily activities. Two examples are in
radiation processing of flue gases from power plants and of sewage sludge from
cities.

When it was realized that S02 and NOX emissions from power station smoke
stacks caused acid rain, many countries, notably in Western Europe, imposed
strict limitations on emissions. The result was that power plant owners had to
equip their plants with chemical factories to clean the flue gases. These were
expensive. The main product was gypsum, which in principle can be used in the
building industry but in some countries it became clear that too much gypsum
was produced and there was no buyer for the large quantities. Radiation can
provide an alternative to the chemical process. Electron beam irradiation of the
flue gases, with the addition of ammonia, can remove 95% of the SO2 and 80-
85% of the NOX and the main product can be used as a fertilizer. The electron
beam comes from accelerators. No radioactivity is used or produced by the
process. It has been technically proven on a small scale corresponding to power
plants of some 5 MW(e) and the economics look promising. A demonstration on
a larger scale plant is now needed and IAEA would help to set up such a
demonstration in Poland, if funds can be found.

Another important application of irradiation is the killing of microorganisms in
sewage sludge so that it can be used as fertilizer without risk for spreading
infections. In this case the sludge is irradiated with gamma rays from a strong
radioisotope source. Again, no radioactivity is created through the irradiation.
The technology has been proven, i.a., in a plant in Germany which treats the
sewage sludge from a city of some 100,000. The hygienized sludge is sold to
farmers. There is another sludge irradiator in use at Baroda in India where it
treats the sewage from a community of 200,000. Sewage sludge irradiators are
now available commercially in sizes which would be useful for large cities.

There are many more applications of importance in relation to the environment
which could be mentioned and some will be during this session. The ones given
above still show the importance of nuclear techniques for monitoring and helping
to preserve our environment. As to nuclear power it must be concluded that this
energy source alone will not solve the serious problems which we are facing.
That will require concerted efforts by many countries over a broad range of
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energy supply systems, recognizing the legitimate needs of developing countries
to increase their energy use. On the other hand, it does not seem possible to
produce a solution without nuclear power.
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SWEDEN: SULPHUR BUDGET 1989
UNIT: THOUSAND TONS AS SULPHUR

• TOTAL EMISSIONS 74

• OWN DEPOSITS IN SWEDEN 28

• TOTAL DEPOSITS 225

• EXPORTS 46

• IMPORTS 197

FIG.1

SESO2.CHT SOURCE:ECE 1991

BELGIUM: SULPHUR BUDGET 1989
UNIT: THOUSAND TONS AS SULPHUR

• TOTAL EMISSIONS 178

• OWN DEPOSITS IN BELGIUM 42

• TOTAL DEPOSITS 90

• EXPORTS 136

• IMPORTS 48

FIG.2
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GREENHOUSE EFFECT
CONTRIBUTIONS IN % - 1980s
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GREENHOUSE EFFECT
CONTRIBUTIONS IN % - 1980s
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