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1. INTRODUCTION

Energy, whether it is derived from nuclear or other means, is a fundamental part of
everyday life. It is what keeps us warm, cooks our food and powers the machines we use
in all aspects of our work and leisure activities. The availability of cheap energy in many
countries has fostered widespread industrial development with resultant high standards of
living. The production of energy can also entail negative impacts and in recent years there
has been increasing concern regarding the environmental consequences of all human
activities, but particularly activities associated with energy production.

This paper deals with nuclear and other sources of energy as they relate to the
production of electricity. It first examines the current role of electricity in the world and its
means of production and how future economic growth, associated with growing populations
striving for better living conditions, will lead to increased demands for new electricity
generation. The second part of the paper deals with the health and environmental impacts
of the major options for generating electricity likely to be used to meet this need, and how
a comparative assessment of these impacts is important to understand the full implications
of electricity generation planning decisions.

2. THE ROLE AND DEMAND FOR ELECTRICITY

Electricity is perhaps the most convenient and versatile form of energy. It can be
used in a wide variety of applications, it can be made available at the flick of a switch and
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is non-polluting at its point of use. Increased use of electricity is an important factor in
modernization and in achieving greater efficiency in total energy use. Studies (Nathwani
1992. NRC 1986) have clearly shown a high correlation between electricity consumption and
national economic output for a wide range of countries, with the obvious conclusion that
developing countries will need a large expansion of their electricity-producing capacity if
their aspirations for economic growth and higher standards of living are to be achieved. Full
participation in the information and communication age the world is now entering will
require the availability of reliable sources of electricity. Even when total energy
consumption is not rising, or in countries where it is even declining, data shows that
electricity consumption, as a share to total energy usage, continues to grow. To illustrate
this point Figure I2 shows how world electricity production is increasing as a percentage of
total world energy production. From 1950 to 1990 the share of electricity has grown from
13 to 30 percent even considering the fact that two billion people in the world still do not
have access to electricity in their homes. The world-wide phenomena of urbanization,
allowing easier access to electrical distribution systems, together with the electrification of
rural areas, will result in a still greater share for electricity in the future. Direct use of oil,
gas. coal and wood is being displaced by electricity. Figure 2 shows how the world per
capita consumption of electricity has increased over the period 1950-1990. In this period
annual consumption rose from 407 to 2217 kWh per person.

If we look at per capita electricity consumption in individual countries it is seen, as
illustrated in Figure 3, that low per capita consumption in a country is often combined with
a large population. It is quite obvious that if the per capita consumption of electricity in
developing countries is to increase substantially, as it must if increased economic growth and
improved standard-of-living goals are to be achieved, then there will be a large world
demand for new electricity generating facilities. Looking at the example of South Korea,
where the per capita rate of electricity consumption has grown from 70 kWh per year in
1960 to almost 3000 kWh in 1990, it clearly shows that large changes in economic
prosperity, with correspondingly higher demands for electricity are possible. This future
demand in developing countries will likely be dominated by countries such as China, India,
Indonesia, Pakistan and Brazil with their large populations and current low rates of electricity
consumption.

In developed countries the growth rate for electricity production has dropped
substantially in recent years. This can somewhat be explained by economic recessions which
have occurred in many countries in the early 1990s but also by the general difficulties in
getting new generating facilities approved and built. Demand management, through the
active promotion of conservation and load shifting, is now an important tool for utilities.
Controlling load and more effective use of the generating facilities already available have
been found to be more socially acceptable than the construction of new facilities. However,
developed countries already have a high per capita consumption of electricity and enjoy the
ensuing benefits.

: Most data in Sections 2 and 3 of this paper have been obtained from the latest version
of the IAEA Energy and Economic Data Base(IAEA-TECDOC-735, Feb. 1994) which in
turn derives its data from the UN Statistics Office in New York.



3. GENERATION OF ELECTRICITY

The primary means of producing electricity and their contributions to world electricity
production are shown in Figure 4. As is seen, thermal, that is, the burning of coal, oil, gas
and biomass, is the dominant means of producing electricity in the world today, contributing
almost 64 percent of the total. Hydraulic follows with 18.7 percent, nuclear with 17 percent
and geothermal with 0.5 percent. Contributions of other means are not now significant. The
same information from a regional viewpoint is seen in Figure 5. What is first obvious here
is the large share of North America and Europe to the total and the domination of thermal
means in most regions. For Egypt the information is shown in Figure 6. The thermal
contribution in Egypt is from oil and natural gas.

Nuclear electricity generation expanded rapidly in the 1970s and by 1980 had reached
694.3 TWh, almost a nine-fold increase since 1970, and contributed 8.3 percent of the total
electricity production, representing an average growth rate of 24 percent in the decade 1970-
1980. In the period 1980-1985 nuclear electricity generation increased to 1448.5 TWh,
corresponding to an average annual growth rate of 16.3 percent. During 1985-1990,
generation increased to 1901.2 TWh which corresponds to an average growth rate of 5.6
percent. In the period 1990-1993, nuclear electricity generation increased at an annual
growth rate of only about 1 percent, growing to 2096 TWh. At present there are 430 nuclear
power stations in the world today producing electricity.

The decisive factors which influence decisions regarding the construction of
electricity generating facilities vary widely from region to region and with time. Decision
factors which have been traditionally important are local availability of fuel, generation
reliability and overall cost. Other factors include: security of supply, planning flexibility,
environmental impact and capital requirements. One of the major impacts on the energy
planning process in many countries in recent years has been the emergence of environmental
issues. A common trend in many countries is to reduce the need for new generating facilities
by promoting energy conservation and demand management. However, the construction of
new facilities is inevitable, to meet, as discussed earlier, the needs of increasing populations
and enhanced economic growth, as well as for replacement of current facilities at their end
of life.

The options which are now often considered for new generation capacity by world
utilities are:

• pulverized coal with scrubbers
• pressurized fluidized bed coal combustion
• simple cycle combustion gas turbine
• combined cycle gas turbine
• hydro
• pumped storage hydro
• nuclear (PWR, BWR, PHWR)

Non-hydraulic renewable sources such as geothermal, biomass, wind, solar
photovoltaic, fuel cells, wave, and tidal power will play increasingly important roles but are
only estimated to meet a small percentage of the world demand within the foreseeable future.



The choice among the various alternatives is driven by the most important local
decision factors and is often considered by governments and utilities to be a choice amongst
necessary evils. All have their negative attributes and finding the best option, considering
all the applicable decision factors, becomes a challenge for energy planners and their political
counterparts. With increasing environmental awareness, comparative assessment can play
an important role in this decision process and is the subject of the next part of this paper.

4. HEALTH AND ENVIRONMENTAL IMPACTS OF ELECTRICAL
GENERATION

4.1 INTRODUCTION

There have been many studies in the last twenty years which attempt to estimate and
compare the health and environmental impacts of the various means of generating electricity.
Through the efforts of many researchers the methodologies for comparative health and
environmental risk assessment have progressed to the point where such assessments are
commonly used as input to the energy planning decision-making process.

One of the important features of these assessments is that they analyze the complete
energy chain involved with the production of a unit of electricity. For example, it is
important to look at fuel mining, the processing and transporting of fuel, the building and
operation of electrical generation facilities, and also to consider the decommissioning of
facilities and the impacts of waste products associated with all parts of the energy chain. It
is only through this comprehensive look at all actual and potential impacts from each energy
chain that a complete assessment can be made.

4.2 HEALTH IMPACTS

Health impacts for the various means of producing electricity are usually estimated
under two categories - occupational and public. Occupational refers to impacts on workers.
These workers could be miners, construction workers, facility operators, or others. Public
refers to members of the general population whose health, by the fact they may t ; located
near to activities associated with the particular energy chain under consideration, could be
impacted by such activities.

A survey of results from various assessments has been made by Fritzsche (Fritzsche
1989) and the results with respect to occupational fatalities are shown in Figure 7. The acute
risk of death due to accidents to workers employed in the energy production processes is
shown in the right-hand part of Figure 7. For the first group of fossil fuel systems, this risk
is of the order of 1 fatality/GWa. It is distinctly higher for the coal cycle than for oil and
gas. If the coal is mined under bad working conditions in an out-of-date mine the risk can
be at least an order of magnitude higher (see point). The risk in the case of the renewable
systems is also of the order of 1 fatality/GWa and is due to the large requirement for
construction materials to build these systems. The occupational acute fatality risk due to
nuclear systems has been found to be the lowest.

Fritzsche's results for acute public health risks (excluding severe accidents) are shown
in Figure 8. These risks are primarily due to transportation accidents involved with the
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movement of fuel and building materials. The results are based on average values of
transportation distances.

4.3 ENVIRONMENTAL IMPACTS

The generation of electricity by any means usually entails emissions and disposal of
waste products to air, water and land. There are economic and technological limitations to
the reduction of such emissions and waste products and their associated impacts. Thus, there
will always be residual environmental risk as a result of generating electricity by any fuel
cycle. The nature and extent of this risk depends on the type and quality of the fuel used,
the method of conversion, the level of pollution control technology in place and the efficiency
of its operation.

Environmental risks are highly technology and location specific and can affect the air,
water and land in very many ways. Local impacts such as air and water pollution, disruption
of habitat and others, must be evaluated on a facility-specific basis, taking into consideration
the neighboring ecosystems which are of particular concern to the local populace. In addition,
there can be regional and global impacts which are of wider concern.

The burning of fossil fuels leads to emissions of the oxides of sulphur, nitrogen and
carbon as well as the emission of heavy metals and other pollutants. The levels of SO2 and
NOX emitted depend on the fuel burnt and on the method of combustion and on the extent and
efficiency of any abatement technology in place. The emission of CO2 on the other hand
depends primarily on the type of fuel used.

SO2 and NOX are closely linked with the phenomenon of acid rain, which leads to
materials corrosion, soil damage and the acidification of lakes. These latter effects in turn
lead to forest degradation and negatively impact the life supporting function of affected lakes.
The use of fossil fuels produces large amounts of greenhouse gases, particularly CO2 and
CH4; in fact, nearly three-quarters(IEA 1993) of all CO2 production comes from the burning
of fossil fuels for the production of electricity. Figure 9 shows how the level of CO:

emissions is increasing, while Figure 10 shows the results of several researchers who have
estimated CO2 emissions from various energy chains. At present concentrations the
greenhouse gases are not toxic. However, increasing atmospheric levels of greenhouse gases
are of concern because of their important role in the global atmospheric energy balance
which, if significantly disturbed, could result in various kinds of dangerous climate changes.
The increase in atmospheric CO2 concentrations from 1960 to 1990 is displayed in Figure
11. Environmental issues with respect to nuclear energy are discussed in more detail in an
accompanying paper at this Seminar (Skjoeldebrand 1994).

4.4 SEVERE ACCIDENTS

When comparing the potential health and environmental impacts of different means
of producing electricity, severe accidents are normally considered separately. This is because
data on such events is sparse and predictions of future risk is more uncertain than risks
associated with emissions from normal operation. Severe accidents can happen with respect
to many electricity-producing technologies as can be seen in Figure 12. These accidents,
while in many cases dramatic, do not make large contributions to overall health and



environmental risks. However, in response to public demand much effort is being made to
reduce the likelihood of severe accidents for all technologies.

5. SUMMARY

A study of the world energy situation leads to a number of conclusions.

The first of these is that there will be a large demand for new electrical generation
facilities in the coming decades. This demand will be concentrated in developing countries
with large populations and whose economies are in transition, leading to large growth rates.

Coal, by its shear abundance of supply, will continue to be used in large amounts to
generate electricity in the next couple of decades. Natural gas is becoming increasingly
attractive to utilities based on cost, planning flexibility and environmental impact reasons,
and a large movement to natural gas, especially in Europe and North America, is foreseen
in this time period. Fossil fuels will probably continue to have important roles until their
environmental impacts reach a point of critical importance on the world political agenda. In
:he case of natural gas; availability, cost and security of supply are also important concerns
which may curtail its use following an initial large expansion.

Non-hydraulic renewable energy sources will receive increasing levels of support from
governments but are unlikely to contribute more than a few percent to total electricity
production in the next twenty years.

Nuclear power, due to accidents at Three Mile Island and Chernobyl, is in a period
of low growth in many parts of the world, but the demands of an increasingly
environmentally conscientious world society and a desire for energy independence should
ultimately lead to its revival as a widespread option of choice. There is currently no other
way to meet the vast energy needs of a growing, more prosperous world population and to
sustain the world environment for future generations. Also, it can be considered unethical
for the generations of today to squander the limited world supplies of such valuable multi-use
commodities as oil and natural gas, while uranium, which cannot be used for other purposes,
goes under-utilized. However, a large move to nuclear will require new dimensions of
public understanding and acceptance and this in turn will probably require a crisis brought
on by the continued expansion of the burning of fossil fuels. Widespread public acceptance
of nuclear will also require nuclear power plants which virtualJy eliminate the possibility of
significant off-site accidental releases of radioactivity, as well as a demonstrated capacity to
handle radioactive waste safely.
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WORLD ELECTRICITY PRODUCTION AS A PERCENT OF TOTAL
ENERGY PRODUCTION
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1991 PER CAPITA ANNUAL ELECTRICITY PRODUCTION VERSUS
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Figure 3

Source: IAEA Energy and Economic Data Base(IAEA- TECOOC-73S, Feb. 1994)

1991 WORLD ELECTRICITY PRODUCTION

Thermal

63.9%

Hydraulic

18.7%

Geothermal

0.5%

Nuclear

17.0%

Totai: 11982 TWh

Source: IAEA Energy and Economic Date Base(IAEA-TEC00C-73S, Feb. 1 S M

Figure 4



1991 WORLD ELECTRICITY PRODUCTION BY REGION
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Figure 7 Occupational mortality risks due to electricity production (all steps of the fuel cycle; without
severe accidents).
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Figure 8 Public mortality risks due to electricity production (all steps of the fuel cycle; without severe
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GLOBAL CARBON DIOXIDE EMISSION ESTIMATES
(from Fossil Fuels, Cemnn! Manufacluring, Gas Flaring)
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AVERAGE ANNUAL ATMOSPHERIC CARBON DIOXIDE
CONCENTRATION MEASURED AT MAUNA LOA, HAWAII

380 r

360

340

320

300
1960 1965

~ Atmospheric Carbon Dioxide Concent ration(ppmv)

1985 1990

Source: Trends '91: A Compendium of Oata on Global Change, ORHl/CDIAC-46, Dec. 1991 (from
C D . Keeling et al)

Figure 11

Energy Option

Coal

Oil

Natural gas

Water

Nuclear

Severe

No.

62

6

15

42

24

> 8

1

Accidents

Cause

mine
disaster

capsizing

fire/explosion

fire/explosion

transport
accident

fire/explosion

over-topping

Installation

coal mines

oil platforms

tank farms

during
transport

various

dams

Chernobyl

Number of fatalities

Per Average
event per year

10...434 over 200

6... 123

5... 145 ca. 25

5...500 over 90

6...425 over 80

11...2500 over 200

31
(+ 130 000 evacuat.)
+ land contamin.
(latent effects?)

Source: A.F. Fritzsche: The Health Risks of Energy Production.
Risk Analysis, Vol. 9, No. 4, 1989

Figure 12 Severe Accidents World Wide 1969-1986


