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ABSTRACT The uncertainties of growth in Croatian future energy, particularly electricity demand,
together with growing environmental considerations and protection constraints, are such that Croatia
needs to have flexibility to respond by having the option of expanding the nuclear sector. The paper
deals with nuclear energy as an option for Croatian sustainable economic development. The
conclusion is that there is a necessity for extended use of nuclear energy in Croatia because most
certainly nuclear energy can provide energy necessary to sustain progress.

1. INTRODUCTION
Today, nuclear energy is the only proven energy technology capable of generating large amounts of
electricity without directly (significantly) polluting the environment. (Large hydropower plants can
cause substantial environmental damages, because of emissions of greenhouse gases from the water
reservoirs, and severe problems to local inhabitants through the flooding of areas upstream of the
power plant and changes inflow rates on the downstream side.) Nuclear energy prospects should be
therefore assessed in context of growing electricity demand and greater awareness of environmental
issues. However, in order to make a significant contribution in the implementation of sustainable
electricity supply strategies, nuclear energy should reinforce its competitiveness versus fossil-fuel
based systems and, in the long term, versus renewable sources. (Although there are indications that
technical breakthroughs could reduce significantly the costs of electricity generated by some
renewable energy sources other than hydropower, these options are unlikely to be competitive with
fossil fuels or nuclear power for baseload generation before the second or third decade of the next
century.) Nuclear energy must overcome adverse public perception associated with waste
management, concern about nuclear weapon proliferation, safety standards, and decommissioning
plant. It must demonstrate its favourable track record for safety compared with other section of energy
industry, and convince the public of nuclear's environmental benefits and cost-effectiveness. The
barriers to nuclear power deployment should be alleviated by continuing demonstration that nuclear
fuel cycle facilities can be operated in a reliable and safe manner and that technical solutions already
existing for final disposal of all radioactive wastes can be implemented wherever needed. Such
assurances and environmental concerns offer good prospect for the future of nuclear energy provided
that the industry continues its efforts to demonstrate its desirability to the public.
The paper deals with the present nuclear power controversy and the role nuclear energy has in
resolving the two competing aspirations of Croatia inherent in the challenge of sustainable
development: economic prosperity and environment protection.

2. ENERGY TRENDS AND NEEDS
Energy consumption trends reflect the important role that electricity plays in modernisation efforts
and in total energy use and efficiency improvements; there is a distinct correlation between the trends
of electricity consumption and national economic output in a wide range of countries. (Between 1973
and 1990, the U.S. economy (measured by GDP) grew by amount of 50%. In the same period,
electricity use grew by 58%.) Also increasingly evident is that full participation in the information and
communication age requires reliable source of electricity.
In the early 1970s a fourfold increase in the price of oil alerted the world to the need for more
efficient use of energy. In OECD countries the response to this, including greater use of electricity,
led to a levelling off in demand for primary energy. Between 1973 and 1985 primary energy demand
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3. COAL AND NUCLEAR ENERGY
About 86% of total world commercial energy is provided by fossil fuels, with the rest from hydro
(7%) and nuclear (6%); renewables (other than hydro) provide less than 1%. About 20.0 billion
tonnes of carbon dioxide (CO2) are emitted annually from the burning fossil fuels. On a global scale
nuclear power currently reduces CO2 emissions by some 1.8-2.0 billion tonnes per year (relative to
the main alternative of coal-fired generation, natural gas would produce about half as much). The UN
Intergovernmental Panel on Climate Change has comprehensively reviewed global wanning and has
reached a consensus that the phenomenon is real and does pose a significant environmental threat
during the next century if fossil fuels continues even at present global levels. (It is not yet known how
much warming will be caused if we continue and increase our use of fuels containing carbon. It is
also unknown whether this would be harmful. However, our energy future is certainly affected by
whether the global warming turns out to require substantial reduction in burning. Coal, natural gas
and oil all produce CO2 and other pollutants that do not respect national borders. The air pollution
produced by burning fossil fuels in Africa and Far East endangers the future of the entire planet.
China already burns more than a billion tons of coal every year- a third more than it did just 10 years
ago. India's use of coal rose by 66% in 1980s. And South Korea burns twice as much coal as it did a
decade ago. Over the next 50 years, the world's energy supply must double or even triple as these
developing countries struggle to advance.) According to the Panel, to stabilise the CO2 concentration
in the atmosphere at present levels a 50-80% reduction in all emissions would be required. Nuclear
power has a role to play in reducing greenhouse gases. France's CO2 emissions from electricity
generation fell by 80% between 1980 and 1987, as its nuclear capacity increased; German's nuclear
power program has saved the emission of over 2 billion tons of CO2 from fossil fuels since it began in
1961. (At the time of the oil shock France was heavily dependent on overseas supplies of energy.
Since then it has built 56 nuclear reactors in a major program. Nuclear power now provides 76-78%
of its electricity, it has become a major exporter of electricity (4 billion SUS per year), and it now has
a high level of energy independence. Moreover the cost of electricity has declined markedly and per
capita CO2 emissions are half of those of its neighbours. One neighbour, Italy, is the only
industrialised European country without its own nuclear power, but it is also the main electricity
importer, mostly from France.)
Coal and other fossil fuels are required in a much larger volume than the uranium required to produce
the equivalent amount of electricity. A 1000 MWe power station requires 2.3 million tons of black
coal per year or about 25 tons of enriched uranium requiring the mining and milling some 50000 tons
of ore to provide 165 tons of uranium oxide concentrate. If coal is used, considerable energy must also
be used to mine and transport the large volume of it to the power station. In one year a 1000 MWe
coal-fired power station will produce about 7 million tons of CO2, perhaps 200000 tons of sulphur
dioxide (depending on the particular coal), which remains a major source of atmospheric pollution,
20000 tons nitrous oxide, and typically about 200000 tons of solids, mostly flyash containing several
hundred tons of toxic heavy metals including arsenic, cadmium, lead, vanadium and mercury, organic
carcinogens and mutagens which remain dangerous forever. If brown coal is used the CO2 figure is
much higher. (Methods exist for removing sulphur dioxide and nitrous oxide although the cost is high.
Flyash is generally captured and damped in landfill. However there is no economically feasible way
to remove or reduce CO2 from the burning of coal. None of these emissions occur at a nuclear power
plant, where all wastes are contained.) The equivalent sized nuclear plant produces only 20-25 tons
of spent fuel, though this is highly radioactive and requires specialised handling, treatment and
storage. (This spent fuel can be reprocessed however so that 97% can be recycled. The remaining 3%,
about 700 kg, is high-level radioactive waste that needs to be isolated from the environment for a very
long time. This small quantity however, can be converted to a solid, which makes the task more
manageable. Even if the spent fuel is not reprocessed, the yearly amount of 25 tons is modest
compared with the quantities of waste from a coal-fired station.) The nuclear industry is unique in
that it is the only energy-producing industry that has taken full responsibility for the disposal of all its
wastes and pays the full cost of doing so. The combustion of coal also releases radioactive heavy
metals contained in it, while the use of natural gas releases radioactive radon. The amount of
radioactivity released is negligible relative to the natural background radiation levels, but it is often
greater than that which can be expected from routine operation related to a nuclear power station. The
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waste from coal-fired plants can cause environmental and health damage even at the great distance
from the site of a power plant. For example, acid rain caused by the release of sulphur dioxide in
Europe (Italy, Czech, Slovakia, ...) has crossed our national boundaries and caused severe damage to
lakes, rivers and forests in Gorski Kotar.

4. THE ECONOMICS OF NUCLEAR POWER
The difference in fuel requirements between coal-fired and nuclear power stations also affect their
economics. The cost of fuel for a nuclear power plant is very much less than for an equivalent coal-
fired power plant, usually sufficient to offset the much higher capital cost of constructing a nuclear
reactor. Consequently, in practical terms, electricity from nuclear reactors in many regions is
competitive with electricity produced from coal, even after providing for management and disposal of
radioactive wastes and the decommissioning of reactors. OECD projections published in 1993 for the
year 2000 showed nuclear energy cheaper than coal in most parts of the developed world (except UK,
western USA and parts of Canada), Table 1.
Because the cost of raw fuel represents about 40% of the total cost of generating electricity at fossil-
fuelled power plants, sudden price fluctuations on the world market can dramatically influence the
cost of generating electricity from coal, oil or natural gas. With nuclear energy, the cost of the
uranium needed to fuel a power plant represents less than 20% of the total cost of generating a kWh

Table 1. Some comparative electricity
generating cost projections for year 2000

France
Germany
Japan
Korea
UK
USA
Midwest
USA
North-
west
USA
West
Canada

nuclear
3.28
531
537
3.20
4.84-5.16
4.27

437

4.21

2.98

coal
5.06
6.74-8.01
630
4.25
4.68-5.16
4.47

5.13

3.53

2.54-3.82

gas
5.48
-
7.73

4.52
4.77

5.11

4.91

2.82-5.22

of electricity, insulating nuclear energy from
world economic and political upheavals. The
cost of generating electricity has three
components- the capital cost of facility, the
operating and maintenance cost of facility,
and the cost of the fuel itself. Capital cost
figures are highly dependent upon each
electric generating station and the manner in
which it was financed and constructed.
Generally, nuclear plants have the highest
capita] costs while gas turbines have the
lowest. Recently completed nuclear plants
have anomalously high capital costs, ranging
up to 3000 to 5000 $US/kW. The nuclear
industry has a goal to be able to build the new
generation of plants around 2000 to 3000
$US/kW, which can be done with sufficient
discipline on the part of many parties. New
standardised, advanced-design nuclear power
plants promise to produce electricity even

more cost efficiently, making nuclear energy even more competitive with coal, and giving it an even
wider cost advantage over natural gas and oil. Two new standardised designs have been approved by
the US Nuclear Regulatory Commission, and two more should be approved before the year 2000. Like
their predecessors, they are light water reactors. Because they are standardised, they will be quicker
and less expensive to build, easier to run, and much simpler and safer: whole section will be a snap to
obtain, control rooms will be more user friendly, and the cooling water for the major safety systems in
some designs will rely on the laws of nature, like gravity and natural convection, and less on pumps
and motors. Studies show that these plants will be able to meet safety goals more than 100 times
greater than those of current nuclear power plants. Power company will be able to order them in
medium size (600MW) or large (1350MW).
For 1993, the following figures, Table 2, are from "U.S. Steam-Electric Plants: Five-Year Production
Costs 1989-1993" which was published by the Utility Data Institute in Washington, D.C. They are
for nuclear, coal, oil and natural gas fuelled plants and are "bus-bar costs"; that is, the costs at the
power plant and they do not account for transmission and distribution to the ultimate customers.
Nuclear fuel costs include a charge of 1 $US/MWh to cover high-level waste disposal.

US 1991 cents/kWh, Discount rate 5% for
nuclear & coal, 30 year lifetime, 75% load factor
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Table 2. Costs of Electricity at Power Plant

coal
gas
oil
nuclear

fuel
1.531
2.883
2.609
0.602

operating
0.172
0.236
0.347
0.962

maintenance
0.262
0.332
0.451
0.587

total
1.967
3.402
3.408
2.152

The units on above figures are cents per kWh of generated electricity.

5. THE NUCLEAR ENERGY CONTROVERSY
There are a number of safety and ethical issues raised by the proposed use of nuclear power to meet
future growing energy demand. Energy decisions are no longer the sole domain of governments and
industry. The public must be informed and involved in the key decisions. The Croatian (worldwide)
problems with adverse public opinion on nuclear power need to be addressed by all; today's problems
for nuclear are not national but global. The lack of understanding of the available information, as well
as a feeling that there is no reason to take additional risks, however small, unless there is a need to do
so, remains an obstruction nuclear power orderly development. Power system engineers should
appreciate and be familiar with the issues involved and should well know the arguments for and
against nuclear power. It is worth stressing that engineering is to do with people and their needs.
Therefore technological choices are inextricably enmeshed with ethical and political issues. A
summary of the most repeated arguments for and against nuclear power is given below.
1I) The arguments for:
• Nuclear power offers the only hope for meeting the future world demand and the -world faces the

choice between a nuclear future or decline. The decline may result in political instability and
wars between nations for the control of the few remaining fossil fuel deposits.

• The environmental effects of nuclear power is less damaging than those of fossil fuel power
stations from which the amount of sulphur dioxide emitted will increase if the nuclear programme
is not established. Eventually, the carbon dioxide in the atmosphere may reach such
concentrations that it may substantially modify the climate.

• Nuclear power stations use much, much smaller quantities of fuel than do fossil fuel stations. The
transportation of large quantities of fuel (oil for example) poses considerable environmental
hazards. (Particularly with regard to collisions at sea as already has happened.)

• The risk of serious accident in any single nuclear reactor is extremely small; the hazards posed by
reactor accidents are not unique in scale nor of such a kind as to suggest that nuclear power
should be abandoned for this reason.

(2) The arguments against:
• If nuclear power were to be the main source of world electrical energy the 'fast breeder reactors'

(FBRs) would have to be extensively used as such a programme could not be sustained on the
limited quantities of naturally available U-235. The spread of FBRs among many nations poses
dangers of proliferation of nuclear weapons and a probability of a nuclear war.

• The quantity of radioactive wastes produced would increase. The creation of wastes that will have
to be contained for many centuries is an unfair legacy of risk to our descendants.

• With respect to reactor accidents, although the risks are very small, one can argue that man is
unable to foresee reliably all the failure mechanisms that could lead to serious accidents and
therefore to introduce appropriate safeguards.

• There could be substantial movement of plutonium between different facilities. This would create
the danger of the capture of plutonium by terrorist groups for threat and blackmail against society
because of the potential it offers to illicit groups to construct a crude nuclear weapon. The
problem of safeguarding society from plutonium hazards would require the establishment of
special security organisations that, because of the vast potential consequences of plutonium loss,
would need to exercise toughness and vigilance. There is therefore the fear that adequate security
could be attained only at price of gradual infringement of democratic freedom.

In attempts to regain public acceptance of the nuclear energy production technology, the nuclear
industry has proposed new reactors designs claimed to have increased safety features. Whether the
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remaining risks of nuclear plan^ accidents are acceptable, in future riuclear society, must ultimately be
decided on political and ethical grounds. The public (or at least the opinion-forming part of it) will
need to be satisfied about four frequently expressed worries:
1) Are nuclear reactors safe enough to make a major accident with significant radioactive release

virtually impossible?;
2) Will reprocessing plants be sufficiently safe?;
3) Can the handling and permanent disposal of all nuclear waste be made sufficiently secure not to

endanger future generations?;
4) Will possessions of reactors by more countries, plus increased reprocessing and recycling of

plutonium, lead to a greater likelihood of nuclear terrorism?
The dilemma, for or against nuclear power, could only be overcome by public understanding the facts.
This understanding would lead to public acceptance. But there has to be the will to make this to
happen.
Reprocessing has taken place safely, for instance, in Europe for more than 30 years, mainly in France
and the UK, but also in Germany, and in Belgium where the OECD reprocessing plant of Eurochemic
operated between 1966 and 1974. The choice for or against reprocessing is not simply dictated by the
price of uranium, and certainly not by its short-term price. Namely, reprocessing not only serves the
recovery of valuable material from spent nuclear fuel, but is also a safe and demonstrated way of
packing highly radioactive fission products. Reprocessing is an industrial activity based on advanced
technology. Building a modern reprocessing plant requires huge investments. However, once the
initial investment have been made and charged to past electricity production, reprocessing proves
competitive by reducing import of foreign energy by domestic investment and development of highly
qualified jobs. (The Carter Administration decided not to reprocess nominally on the grounds that if
other countries could be persuaded not to reprocess, the likelihood of nuclear proliferation would be
reduced. So far as we know, not one other country has been persuaded, because the economic
advantages of reprocessing are so great. The Reagan and Bush Administrations wanted to reprocess,
but it would have been politically expensive so they temporised.)
The high-level radioactive waste disposal question has not been resolved because it has neither been
politically advantageous not physically necessary to do so. Used fuel from commercial reactors has
been safely in water-filled pools at the reactor sites. However, several methods for handling these
wastes have been worked out scientifically; schemes for long term storage have been devised, but
lawsuits and politics have prevented any of them from being implemented.
Every country wanting to make bombs has succeeded as far as we know. None has used material
produced in power reactors. (Plutonium produced in RMBK reactors may have been used in the
(former) USSR weapons. For this it was necessary to be able to replace fuel rods while the reactor
was operating, and this made the reactor too big for a containment structure, and this is what allowed
the radioactivity to spread.) Namely, if the fuel rods are kept in the reactor for two years or so
required for economical power generation, much of the Pu-239 atoms produced absorb another
neutron and become Pu-240. It is more expensive to separate the Pu-240 from the Pu-239 than to get
Pu-239 from a special purpose reactor in which the rods are removed after a short time.
A major expansion of nuclear power is ultimately -after some decades- likely to lead to reprocessing
and plutonium recycling and if one assumes today's technology and no stronger international
regulatory authorities than are currently available, the chances of proliferation and especially of
nuclear terrorism would increase. However, this dilemma could well be overcome by developments in
technology and in building international institutions, such as an international plutonium management
system for example, presently under debate. But there has to be the will to make this to happen.
Namely, changing energy, economic and environmental circumstances, and the accumulation of
problems associated with existing nuclear technologies, have brought nuclear energy policy to a
crossroads. This and the end of the Cold War, the disintegration of the USSR, nuclear disarmament
and the plutonium surplus similarly mark a turning point for the non-proliferation regime which is due
for fundamental review and perhaps reconstruction. The institutional and substantive relationships
between the two fields make the Treaty on the Non-Proliferation Of Nuclear Weapons Extension
/Review Conference an ideal opportunity for designing and launching such an international process of
assessment and consensus-building on global strategies for nuclear power. On the other hand, the
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transfer of nuclear power technology has from the very beginning been based on schemes for
international co-operation with built-in checks and controls against the risk of proliferation of nuclear
weapons. The fears which were common that many States would acquire nuclear weapon have not
materialised. Besides, none of the present nuclear-weapon States began with nuclear power. The
weapons came first. Therefore, the conclusion as well might be:
The risk of proliferation and nuclear terrorism exists, but we think we can confidently state that the
development of civilian nuclear power does not significantly contribute to them.

5.1 Risk of Nuclear Power
Nuclear power technology produces materials that are active in emitting radiation and are therefore
called "radioactive". These materials can come into contact with people principally through small
releases during routine plant operation, accidents in nuclear power plants, accidents in transporting
radioactive materials, and escape of radioactive wastes from confinement systems. All of them taken
together, with accidents treated probabilistically, will eventually reduce, our life expectancy by less
than one hour. (By comparison, our loss of life expectancy from competitive electricity generation
technologies, burning gas, oil or coal, is estimated to range from 3 to 40 days.)
The nuclear power plant design strategy for preventing accidents and mitigating their potential effects
is "defence in depth": if something fails, there is a back-up system to limit the harm done, if that
system should also fail there is another back-up system for it, etc., etc. Of course it is possible that
each system in this series of back-ups might fail one after the other, but the probability for that is
exceedingly small. The Media often publicise a failure of some particular system in some plant,
implying that it was a close call on disaster, they completely miss the point of defence in depth which
easily takes care of such failures. Even in the Three Mile Island accident where at least two equipment
failures were severely compounded by human errors, two lines of defence were still not breached;
essentially all of the radioactivity remained sealed in the thick steel reactor vessel, and that vessel was
sealed inside the heavily reinforced concrete and steel lined "containment" building which was never
even challenged. It was clearly not a close call on disaster to the surrounding population. The Soviet
Chernobyl reactor, built on a much less safe design concept, did not have such a containment
structure; if it did, that disaster would have been averted.
Risks from reactor accidents are estimated by the rapidly developing science of "probabilistic risk
analysis" (PRA). A PRA must be done separately for each power plant (at a cost of 5 M $US) but we
give typical results here: a fuel melt-down might be expected once in 20000 years of reactor
operation. In 2 out of 3 melt-downs there would be no deaths, in 1 out of 5 there would be over 1000
deaths, and in 1 out of 100000 there would be 50000 deaths. The average for all meltdowns would be
400 deaths. Since air pollution from coal burning is estimated to be causing 10000 deaths per year,
there would have to be 25 melt-downs each year for nuclear power to be as dangerous as coal burning.
Of course deaths from coal burning air pollution are not noticeable, but the same is true for the cancer
deaths from reactor accidents. In the worst accident considered, expected once in 100000 melt-downs
(once in 2 billion years of reactor operation), the cancer deaths would be among 10 million people,
increasing their cancer risk typically from 20% (the current average) to 20.5%. This is much less than
the normal geographical variation. Very high radiation doses can destroy body functions and lead to
death within 60 days, but such "noticeable" deaths would be expected in only 2% of reactor melt-
down accidents; there would be over 100 in 0.2% of meltdowns, and 3500 in 1 out of 100000 melt-
downs. To date, the largest number of noticeable deaths from coal burning was in an air pollution
incident (London, 1952) where there were 3500 extra deaths in one week. Of course the nuclear
accidents are hypothetical and there are many much worse hypothetical accidents in other electricity
generation technologies; e.g., there are hydroelectric dams whose sudden failure could cause 200000
deaths. Events such as aircraft crashes and explosions are 100000 times more likely to kill 10 people
that operation of 100 nuclear plants would be. It is about 2000 times more likely that 10 persons will
be killed by earthquake and about 60000 times more likely that 1000 persons will be killed by
hurricane than by 100 nuclear plants. The risk of radiation from a nuclear plant lias been compared as
beint: equal to the risk of death by cancer if one were to smoke one-twentieth of a cigarette every
week.
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There are now several thousand reactor years of experience throughout the world, and Chernobyl was
the only nuclear power plant accident that injured the public. That is a good record for a source of
energy.

."• ' . • '

6. NUCLEAR ENERGY FOR CROATIAN SUSTAINABLE DEVELOPMENT
One of the major requirements for sustaining development is an adequate source of energy. World
reserves of coal are, in theory, large enough to produce the electricity the world shall need for several
hundreds of years. However, it is likely that more and more of the natural resources such as coal, oil
and gas, which are important both as energy sources and raw material for the (chemical) industry, will
be set aside for higher value-added uses, and so will be not available for electricity generation. On the
other hand, nuclear energy has given (the world) a more diverse menu of choices for generating
electricity, protecting from sudden interruptions or price increases in other fuel supplies. (The
renewable energy sources for electricity (solar, tidal, wind, wave, geolhermal, biomass), apart from
hydro power in the few places where it is very plentiful, are not suitable, intrinsic^!!}- or
economically, for large-scale base-load generation. Growing use will however be made of the
renewable energy sources in the years ahead, although the scale of their contribution and economic
attractiveness is still being debate. Renewables will have most appeal where demand is for a small-
scale, intermittent supply of electricity.) Nuclear energy also gives (us) greater flexibility in planning
how to meet growing appetite for electricity, so we will focus on its potential for making Croatia
cleaner and more prosperous. For us it is therefore not a question of coal or nuclear for most
Croatia's electricity, but a combination of both, with as much help as possible from hydro power and
other renewable sources. The principal role of nuclear energy should be in resolving the two
competing aspirations of Croatia inherent in the challenge of sustainable development: economic
development and environment protection.
Sustainable development has been defined as development that meets the needs of today without
compromising the ability of future generations to meet their own needs. The concept of "sustainable
development" guides the formulation of energy policy: increase the efficiency of energy use, develop
a balanced domestic energy resource portfolio, reduce the economic and security risks of relying on
energy produced in unstable regions of the world, keep country secure by reducing vulnerability to
global energy market shocks, prevent pollution to reduce the adverse environmental impacts
associated with energy production, delivery and use, and invest in science and technology advances.
Croatia's (economic) development will be centred around tourism, transport, the merchant marine,
agriculture and the food industry. These, together with shipbuilding, the oil, petrochemical, chemical,
textile and timber industries, furniture, machinery and electrical machinery, will combine the
backbone of Croatia's economic strength. Our Nation's progress will depend on our ability to use
energy in ways that strengthen our economy, protect our environment, and keep our Nation secure.
We will have to embark upon a sustainable energy policy that will improve our standard of living
today and expand our Nation's opportunities for tomorrow. Although we tend to focus on energy
issues only in periods of energy crises, as a Nation we should be concerned about energy at all times.
Since electricity is the cleanest source of energy at the consumer level, sustainability will call for
increasing the share of electricity in energy supply. Namely, although all energy chains for electricity
generation involve risks and lead to health and environmental impacts, these risks and impacts are low
with state-of-the-art technologies and consequently substituting electricity to direct use of primary
energy sources is, besides its convenience and efficiency for most tasks, beneficial for environment.
Of all the electricity generating technologies, nuclear is the cleanest and least damaging to our
environment. This is true from mining of the uranium ore to final disposal of the wastes. Therefore we
address the role of nuclear energy as an energy source that will secure a stable and safe supply of
electric power without causing significant environmental damages. Besides, we should know that we
could not depend forever on oil, gas or coal to make electricity.

6.1 Benefits of Nuclear Energy
The relations within Croatian energy sector were, and still are, influenced by several processes
originating in global political and economic changes that took place on the territory of Central and
Eastern Europe. The speed of processes and consequences thereof have been considerably increased
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by the war, destruction and occupation of one third of Croatian territory. Several processes could be
identified by the analysis of conditions in the period from 1988 to 1996. The following processes have
had longer or shorter, stronger or weaker impact on the relations within the Croatian energy sector
causing consequently the Croatian energy future uncertain: economic crisis which affected Croatia
(being at that time the part of former Yugoslavia) in the eighties, disintegration of Yugoslavia and
Yugoslav energy sector, the imposed war in Croatia and Bosnia & Herzegovina, uncertain situation
concerning electric power plants in Serbia and Bosnia & Herzegovina built to meet requirements for
the Croatian power industry (650 MW). dissolution of communist system and democratic changes in
the countries of Central and Eastern Europe which commenced in Croatia in the nineties, poor
primary energy sources, a great share of hydro power, the conditions of power system damaged by
the war (the losses for the oil industry amount to 101,8 M SUS and for electric power system 540,3 M
$US), inherited relations in the fields of energetics and economy, economic crisis as direct
consequence of war and transition into market based economy and start of privatisation process.
Although all the above processes constitute the actuality of Croatia, each of them shall have influence
on the relations within energy sector, energy demand, efficiency of investments, development and
rationale use of energy. In order to establish a firm energy system, Croatia should eliminate the
reasons for and resolve the consequences of each of the mentioned processes. The ultimate solution is
market economy which means: the privatisation of economy and energy sector to the maximum
feasible extent, accurate economic relations as regards the prices of various energy forms, proper
legislation and high quality tariff system in the energy sector.
A dramatic drop, in electricity consumption in Croatia was registered in the period from 1988 to 1992
(from 15867 GWh to 11681 GWh), but it was definitely stopped in 1993 (at 11685 GWh). In 1994, a
modest increase in consumption occurred (to 11838 GWh). The data on 1995 (12358 GWh) and
estimated data on 1996 point to the continuance of this positive trend. Energy (electricity) demand in
Croatia in the next few years is highly uncertain but rapid growth is probable. (Expected increase of
electricity production is: 15.26 TWh in 2000, 17.72 in 2000, 22.32 in 2010, 29 in 2020 and 36 TWh in
2030. /More realistic forecasts instructing that the increase should be: 24.0 TWh in 2010, 38.9 TWh
in 2020 and 63.4 TWh in 2030./As a fuel for electricity production could be used: imported coal,
natural gas, nuclear fuel and renewable energy sources.) The rational response to uncertainty is
flexibility. Our advice is therefore to keep the nuclear option open because a balanced energy strategy
requires diversity of energy sources and because nuclear energy offers and provides: a lower cost of
energy, a stable cost of energy, a reliable source of energy, energy and economic independence,
highly skilled work, a major source of work, most technologically advanced industries, benefits to the
environment reducing harmful emissions, ensuring the safe disposal of waste and setting the highest
standards of safety.
Why, then, is there a "dash for gas"? Because the energy (electricity) supply market is driven by
short-term price considerations. Gas-fired stations require less capital investment than nuclear plants
and can recoup their construction costs more quickly. In countries such as France and Japan, for
example, whose governments encourage long-term, strategic investment, nuclear power delivers
energy at low prices.

7. CONCLUSION
All of the various means of generating electricity have a role to play in meeting the rapidly increasing
demand for this form of energy in Croatia. Nuclear electricity is one part of the solution of the energy
equation for today and tomorrow. Without nuclear power Croatia would have to rely almost entirely
on fossil fuels, especially coal, to meet electricity demands for base-load electricity production.
However, nuclear power is intensely controversial. Its proponents argue that it is safe, economic and
the only secure way of obtaining enough energy for global development. Equally "well-informed"
opponents maintain that it is dangerous, uneconomic and unnecessary. This paper examines the
issues raised by nuclear power: we argue that uncertainties about future energy (electricity) needs and
constraints - particularly environmental concerns - and nuclear power economic, as well as safely
advantages, make it important to have the option for nuclear power to become an essential energy
resource. Whatever the future of nuclear energy, even if some withdrawals were to be contemplated,
(worldwide phase-out is unlikely because of the strong support for nuclear energy in many countries).
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in the OECD remain unchanged despite an increase in GDP of 33%. Since 1985 primary energy use
has been rising again and a 50% increase from 1990 to 2010 is forecast. Outside the OECD countries
the picture is different. Total energy demand in the same period increased by 28% and the global GDP
by 42%. During the 1980s fehergy use in the developing countries iricYeased 60%. From 1960 to 1990,
the share of electricity in global energy consumption has grown from 17% to 30% and the annual
consumption of electricity per capita has almost tripled; from 765 to 2225 kWh per person. (The
average Norwegian used over 25000 kWh of electricity in 1992, the world's highest, the average
person in Chad 15 kWh, the world's lowest.) Still, almost two-thirds of the world's population does
not have access to electricity, and, almost, one billion people have no access to commercial energy in
any form- not even gasoline or diesel fuel.
According to the World Energy Council, global consumption of electricity can be expected to increase
between 50% to 75% by the year 2025. (Today, 77% of the world energy production is consumed by
the 28% of the world's population living in the industrial countries. In these countries it is used
between 150 and 300 GJ per person each year, about one-third in form of electricity.) Even with
effective energy efficiency programs in developed countries there will be a global need for much
more energy if people in the less developed countries are to improve their standards of living. A large
part of this increase will be in electricity. For instance, the growth in demand for primary energy in
East Asia to 2010 is likely to be 5% per year, and that for electricity 7-8% per year. In China, power
generation requirements are expected to almost double from 1994 to 2010, with much of this being
nuclear. Electricity is and will be the most widely used and rapidly growing form of secondary energy
because it offers great flexibility of distribution and use, is relatively efficient, very safe for the
consumer, and environmentally benign in end use. All energy conservation scenarios assume the
expended use of electricity.
Any attempt to understand or forecast energy requirements must take account of population growth.
For example, world population is expected to rise to 8.5 billion 2025, with some 90% or more of the
population increase taking place in the developing countries, which already contain 75% of the
world's people. If the whole world eventually uses as much energy per person as the OECD countries
do today, by 2025 energy demand wiH have increased to five times its present level. (The IEA 's World
Energy Outlook predicts that world's demand for primary energy will grow by 50% from 1991 to
2010, driven by world's GDP growth of 70%; that fossil fuels will continue to be the predominant
energy sources; and that world's CO2 emissions will rise by 50% by 2010.)
Total world energy demand grew by nearly 20% in the 1980s; the increase was only 9% in OECD
(developed) countries, but almost 60% in the developing countries. The OECD countries use 53% of
the world's energy, and have just 16% of the global population. Energy intensity (energy per unit of
GDP) in OECD countries has fallen by 25% since 1971, while electricity intensity has increased by
10%. Between 1973 and 1990, the proportion of energy consumed as electricity in OECD countries
grew from 12% to 18%; electricity use grew on average by 3.1% per year while coal and oil use fell.
The 1973 oil embargo proved that nuclear energy was vital to the world's energy security. Between
1973 and 1994, nuclear energy replaced 6.8 billion tonnes of coal, 8.3 billion of oil and more than
1.32 trillion cubic meters of natural gas worldwide in generating electricity. By now, nuclear energy
has acquired a strong position in the electricity generation sector as a mature technology. At the start
of 1996, worldwide 437 commercial nuclear power reactors were in operation in 32 countries
supplying 17% of the world's electricity (coal 39%, oil 11%, natural gas 14% and hydro 19%), 39
were under construction in 14 countries. (In OECD countries nuclear energy produces 23% of all
electricity.) Over 7700 years of operating with commercial reactors has been accumulated, and there
are more than 310 research reactors operating worldwide in 54 countries, and more under
construction. (A survey based on official figures shows that contrary to popular opinion that the only
nuclear growth is in east Asia, Europe has 19 new reactors under construction and 13 of these are
likely to come on line before 2000. France will complete four large (1450 MWe) reactors, and the
other are in central and eastern Europe: Czech /2/, Russia /3/, Slovakia /2/ and Ukraine /2/.) The
world now produces more electricity from nuclear power than it did from all sources in 1956; total
world energy use is now four times what it was in 1950. (Between 1975 and 1992, total electricity
generated world wide on an annual basis increased by 84%. the proportion generated by nuclear by
almost 500%)
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the management of waste and misuse of plutonium will require resolution. (Indeed, the dismantling of
nuclear weapons by the US and Russia is rapidly increasing the amount of fissile material to be used
or rendered safe.) In the meantime, technological developments during the last decade have shown
new ways of improving the safety and security of nuclear fuel cycles by considerably reducing the
probability of core-damage accident with significant radioactive release, the waste problem and
dangers of nuclear terrorism. There has also been progress in the design of simpler and safer thermal
reactors of smaller sizes, suited to a wider variety of countries and utility structures. However, to
prove such possibilities would need substantial effort; this might take many years and cost many
dollars. Such a delay might be acceptable if it would be used to build up the international institutions
likely to be needed if large scale expansion of nuclear power were to take place.
As far as Croatia is concerned, the uncertainties of growth in Croatian energy demand over the next
decades, together with growing environmental considerations and protection constraints, are such that
Croatia needs to have flexibility to respond by having the option of expanding the nuclear sector
and/or the ability to make substantial use of renewable energy resources. Personally, we believe thai
there is a future for extended use of nuclear energy in Croatia. Sooner or later (let it be sooner) the
advantages of nuclear energy will become obvious to everybody. On the other hand, we do not believe
that this will happen automatically. The revival of nuclear option for Croatian energy future is
therefore a great challenge. Convincing is sometimes quite hopeless; a mess of contradictory
information and feelings become dominant. We cannot find the correct words to stress the importance
of public information on nuclear energy. This information should cover not only nuclear technology
but also all aspects of ionising radiation, biological effects of radiation, natural background radiation
and the properties of radioactive materials. We know that very much has already been done and
recognise that it is impossible to teach everybody to understand these matters. In spite of this, we
think that only public understanding leads to public acceptance. There may be a long way to go, but it
is the only possible one that we know. A hundred years ago there was a debate about the acceptability
of electricity. Very many fears had to be overcome before electricity was introduced into society and
fully accepted. Nowadays nobody seriously suggests that we should get rid of it. We can see here an
analogy with the public acceptance of nuclear energy with the one important difference: today's
society is far more open and critical toward controversial issues. That is why entering the public
dialogue and debate is so important. It is the responsibility of the scientific community with the
knowledge about energy technologies to inform of the facts. Then it is public responsibility to become
informed and make decisions based on that information; it is important that any decision be based on
scientific facts rather than dreams or fears. Finally, we all also have responsibility to future
generations to ensure an adequate supply of energy so that they can enjoy a good life, too.
The advice is therefore to keep the Croatian nuclear option open to gain time to find ways of resolving
the identified issues.
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