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RISK
BENEFIT

The generation and delivery of plentiful energy always creates some risk to life and health: but against
this must be set the benefits that it bestows on society. It is this trade-off between risk and benefit, rather
than the risk alone, that should be considered in the choice of energy systems.

Sir John Hill, chairman of British Nuclear Fuels Ltd, urged this view at a Conference on the Hazard in
Human Activities in Florence in January, at which he presented the following paper.

There is no doubt that the world needs energy and needs it in
increasing quantities. Less than one third of the world's
population consumes two thirds of the world’'s energy. To
bring everyone up to the current standard of the developed
world would require more than a doubling of supplies. If we
now allow for population growth the same per caput con-
sumption would, in 2025, require about six times present
energy supplies. Such a target is almost certainly beyond our
reach. It will of course be reduced by determined conserva-
tion efforts but it is still a very large requirement and it in-
cludes no allowance for any growth in per caput consumption
in the industrial world.

Of course energy consumption is not an end in itself. It is
the benefits derived from its use that matter. The availability
of plentiful supplies of cheap coal was essential to the in-
dustnial revolution, as was the availability of oil to the ‘golden
age’ of economic growth in the 1950s and 1960s. The present
living standards in the industrial world are a direct conse-
quence of the application of energy to improve man's produc-
tivity and to free resources that can then be used to further
welfare and cultural development. Energy underpins not only
our domestic comfort, industrial production and transport but
also agriculture, water supply and the infrastructure of
modern society.

In the near and medium term world economic growth
potential seems likely to be constrained by limited oil pro-
duction and this could persist unless large quantities of
energy can be produced from other sources. The World
Energy Conference repeatedly stressed the need to develop
replacement energy sources as rapidly as possible including
nuclear, coal and the renewables, to minimise the risks of get-
ting trapped in a period of persistent energy-constrained
growth.

To some extent and given time energy sources are inter-
changeable. In the near term, however, oil is essential to the
world’s transport systems and could only be replaced by
more expensive synthetic products derived from coal. In the
longer term electric propulsion and hydrogen (derived by
electrolysis) could provide a substitute. Electricity is par-
ticularly versatile both in its acceptance of energy inputs from
a wide range of sources (fossil, nuclear, hydro, wind, waves,
etc.) and in its flexibility in use. It provides heat, light, power,
and the medium for information transfer.

Of the potentially available energy sources only coal,
nuclear and hydropower look as though they are capable of
expansion on a sufficient scale within the time scale set by
our knowledge of hydrocarbon resources. Oil will not disap-
pear overnight but by 2020 we could find oil and gas, nuclear
and coal contributing roughly equally to the world’s primary
energy requirements, with a smaller but significant contribu-
tion from renewables including hydropower.

Sir John Hill
Oil and coal are better adapted to the needs of the develop-
ing countries to replace fuelwood, which because of over-

consumption is a depleting resource with serious conse-
guences for climate and agriculture. The efforts of the
developed countries to replace oil as a fuel for electricity
generation are not only in their own interest but also help to
extend the life of the resource, to the advantage of the third
world. Similarly, nuclear energy, which in many countries is
the cheapest way of generating electricity, will play an
important role in keeping energy and electricity prices below
what they would otherwise be

The danger of following a low energy future path, such as
that advocated by some pressure groups, IS that it may
eventually become dangerously self-fulfilling. The costs of in-
adequate energy supplies are not merely the additional cost
of the next best alternative but also their influence on the
balance of payments of importing nations, plus the depress-
ing impact on productive output and hence living standards
throughout the world. Do we wish to plan for such a future?

The benefits of economic growth are unquantifiable. Gross
domestic product is a measure which captures some aspects
but it is a poor measure which inadequately reflects changes
in the quality of life and even to some degree material living
standards. The benefits of energy provision are even less
definable because of the complexity of the links between
energy and future growth. One can speculate, as has Sir Fred
Hoyle in his book ““Energy or Extinction”’. Should we, he
asks, ""be concerned about the relatively minor risks of having
nuclear energy when, without it, the world would be spiral
ling downwards towards the major risks associated with
severe political instability and increasing international tension
over energy supplies’’. This view is arguable, but the risks at-
tached to failure to provide adequate energy are an essential
element of any equation. It is the difference between the
situations, whatever these may be, with and without
adequate supplies that we would need to measure —but we
cannot.

Page 64

Atom 293 March 1981




All major sources of energy that are obtainable at reasonable
cost need to be exploited. However, the choice of path
available to us must be guided by costs and strategic con-
siderations such as security of supply, as well as consideration
of the safety aspects of the technologies. The value of security
of supply is another unquantifiable benefit but the advent of
the fast reactor will eventually enable countries with nuclear
power to gain virtual independence from energy imports, for
heating and electricity production, should they so desire.

The risk of accident or injury to workers and the general
population is not the only factor to be considered in a trade-off
between risk and benefit. Damage to the environment and to
property are also aspects that should not be overlooked.
Corrosion and damage to the fabric of buildings and their
contents, including archaeological treasures that have
withstood the ravages of the centuries, are a well-known con-
sequence of fossil fuel combustion. The ecological damage
resulting from oil spills, or from coal washing plants or
atmospheric emissions are also well documented. First,
however, let me deal with the human risk element.

There is as yet no consensus on the methods to be used in
the comparison of risk and there is a wide range of methods
from which to choose. For example, one of the most
thoughtful and carefully compiled comparative studies was
that done by the UK Health and Safety Commission?. Their in-
vestigation was confined to occupational hazards where they
calculated the accidental deaths for each energy source on
which electricity generation was then dependent in the UK:
that is coal, oil and gas, and nuclear. The breadth was
extended to include as much of the fuel cycle as possible so
that accidents occurring in extraction and transport were
added to those occurring in the power station itself. The results
are presented in Table 1. The authors had to draw on a much
earlier attempt made in America to provide a comparative risk-

cost-benefit analysis (wasH 1224, ref. 3). This reduced all
quantities to monetary terms but was nonetheless exhaustive
in its collection of data. The Health and Safety Executive did
not feel that the data relating to impacts on the general
population were sufficiently well based to be used in their
study.

Since that report was prepared, the Health and Safety
Executive have conducted a critical survey of the literature in
the field of risk comparison between electricity production
systems. Their report'* covers, like their previous one, only the
conventional methods of generating electricity, coal, oil and
nuclear, in literature published up to May 1980. The authors
considered that there was insufficient experience with full-
scale plant on which to base a review of the alternative, un-
conventional energy sources. There had been little or no work
which extended beyond the pilot plant stage.

The American Medical Association® added public health
data to occupational health data and extended their study to
include incapacities due to disease as well as deaths. A
summary of their findings is given in Tables 2 and 3. The
extension to include health effects is based on epidemiological
studies and a knowledge of the qualities of pollutants dis-
charged. In the nuclear case there is a considerable body of
knowledge on the biological effects of radiation and general
acceptance that the adoption of a linear dose-response re-
lationship, with no threshold, provides a reasonable upper
bound when extrapolating from effects measured at high
doses. Whilst there is a vociferous minority who argue that
these assumed relationships understate the health and genetic
effects of radiation, there is more evidence that the linear
hypothesis overstates the risk at low levels than there is to
indicate that it understates the risk.

The treatment of emissions from fossil plant is frequently
very different. In the UK it is generally considered that there is

Table 1: Estimated Number of Deaths due to Accidents per GWy (a) of Electrical Energy sent out (b)

Primary Deaths/GWy sent out

energy Operation Deaths caused by

source accidents

Coal (c) Extraction 1-4 (d)
Transport 0-2 le)
Generation 0-2(f)

TOTAL 1-8

Oil and gas  Extraction 0-3 (g)
Transport Insignificant (h)
Generation None reported (f)

TOTAL 0-3

Nuclear Extraction (USA) 01 (i)
Transport Insignificant
Generating and 0-15 ()

reprocessing
TOTAL 0:26
Notes

(a) Gigawatt years (giga = 10%).

{b) Based on average electricity supply from stations for years 1972-74
reproduced in Table 71, Digest of United Kingdom Energy
Statistics 1975 which shows relative outputs, for nuclear, ol fired
and other steam raising plants (of which the vast majority are
coal-fired).

(c) Based on underground mining figures only. Opencast fatalities
are not included. (They would have an insignificant effect on the
final figures.)

(d) Based on an assumed figure of twenty-six deaths in mining coal
for power stations.

(e) Based on estimated number of deaths attributable to the
movement of coal by rail not including accidents to the public.
Figures for deaths due to the movement of coal by road con
sidered insignificant.

(f) Based on number of deaths to CEGB employees 1970-77.
Information supplied by CEGB.

(g) Based on figures for fatal injuries in exploration and production
in the United States published in the 46th Annual Review of
Fatal Injuries report to the American Petroleum Institute. It is
appreciated that the bulk of the fuel ol used in UK power
stations i1s from the Middle East where accident performance
may differ sharply from that of the USA. Figures for the Middle
East are not available and we have therefore used the American
figures as the only available indicator. Making allowance for
the lower fuel oil consumption of the UK we have arrived at a
figure of approximately two deaths per annum in overseas oil
fields attributable to the production of oil for UK. To these we
have added the figures for deaths in the North Sea Qil extraction
industry published by the Department of Energy. This gives an
approximate figure of twelve deaths per annum.

(h) We have been unable to obtain figures for deaths due to the
shipping of oil from overseas oil producing countries.

(i) Based on figures from United States uranium mining reproduced
in USAEC wasH 1224 Comparative Risk-Cost-Benefit study of
alternative sources of electrical energy. It is appreciated that
the USA is not the primary supplier of uranium for UK power
stations. Again we have used these figures as they are the
only ones readily available.

(j) Based on information supplied by CEGB (see f/ above) and by
British Nuclear Fuels Limited for accidental deaths of employees
1970-77. None of these deaths was due to radiation effects.

Source: The Hazards of Conventional Sources of Energy,
Health and Safety Comrmussion 1978.
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a threshold effect and that emissions
from high stacks are so diluted by the
time they reach the ground that health
effects are negligible. Indeed the World

Table2 Comparison of Health Effects for Alternative Fuel Cycles for Electric
Power Production in US in 1975

Equivalent No. Estimated Deaths Estimated
10° of 1000-MWe Occup. Non. Occup. Occup.

plants Impairments

128 69 -1024 2250-53000  3330-20 000

44 6 57 44-4 400 530-4 100

45 3 13 — 180-1 080

26 0-9- 25 0-3- 4 100- 340

243 79-1119 229457400 4 140-25 000

Health Organisation®® recommends  Fuel 1975
that the daily average concentration of kWhe x
SOZ, one of the principal pollutants

from fossil fuel burning, should be Coal 844
below 500 ug m~ which is considerably o]] 292
higher than the contribution that the Gas 297
modern coal fired power stations are Nuclear 168
expected to make. During the 1952 TOTALS 1601
smogs in the UK SO_ levels rose to

3 800 ug m* (daily average). From this S

and other incidents (Table 4, ref. 7) the

American Medical Association Report C(A-78) 1978,

relationship between air pollution and
health became apparent but the precise causal links are still
not clear. There is no suggestion that the effects are directly or
entirely due to fossil fuel combustion in power generation, but
it serves to illustrate the severity of the potential hazard in
terms of deaths suffered by the population and the frequency
with which such disasters have occurred.

US risk studies such as those of the American Medical
Association are based on the observed statistical relationships
between pollution levels and health which are extrapolated
linearly to low doses. This is precisely analogous to the
method adopted for the nuclear case, but yields figures for

Table 3: Enhanced Risk of Death per year from
US Electricity Production

Age Normal Risk Enhanced Risk of Death per year

of Death/yr Coal and Oil Nuclear
10 1in 3 800 1-38 in 3800 1-0008 in 3800
25 1in 700 1-07 in 700 1-0001 n 700
45 1in 200 1:02 n 200 1-0004 in 200
65 Tin 40 1-004in 40 1-000008 in 40
Allages 1in 100 1-01 in 100 1-00002 in 100

Source:  American Medical Association Report C (A-78) 1978,

deaths and health effects from fossil plant that UK workers
intuitively find hard to accept. There is, however, widespread
acceptance of the damage done in the past by the use of open
coal fires in urban areas.

A more recent attempt to develop a form of rationale for
comparative risk assessment was made by Dr Herbert
Inhaber, then on the Atomic Energy Control Board of
Canada®. He adopted a basic systems approach similar to
that used earlier in WASH 1224, but extended this to include
not only the risks of acquisition and processing of fuel but
also those of construction and fabrication of the station. Both
studies considered the environmental effects of the operation
of the plant and the impacts on occupational and public
health.

Unlike wasH 1224 Inhaber defined a unit which gavé the
cost in terms of working man-days lost per megawatt year of
net electrical output. Having dealt with the conventional
technologies, he then examined the so-called alternatives in
like manner. His conclusions were that nuclear power was one
of the safest systems and certainly safer than the benign
alternatives.

This conclusion arose from the large quantities of structural
material he estimated to be associated with the alternative
sources and was increased by his inclusion of fossil-fuellea
power stations to provide back up power when the climate
was unfavourable to alternatives. The controversy which
followed publication of his report was world-wide. His claim
was that this was a demonstration of technique rather than a
definitive calculation and he has accepted that the statistics
have inadequacies which applied to all the systems. Other ob-

jections seem 1o be emotive and centre not so much on the
fossil/nuclear comparisons, where the nuclear advantage is
generally accepted, as on the risks assigned to the alternative
energy sources, which were being so strongly advocated as
the risk free option by anti-nuclear groups. In order to find
some means of comparing costs and avoid monetary units,
Inhaber expressed everything in terms of man-days lost and
equated a premature death to 6 000 man-days lost (30
working years at 200 days per year). This procedure and the
introduction of back-up power proved particularly conten-
tious although the omission of the latter would not eliminate
the nuclear advantage.

Although there is still a major dispute over Inhaber's work,
his introduction of the idea of a full systems approach has
merit. Itis certainly favoured by the HSE' although they felt it
had limitations, particularly when a “unified index of woe”
was applied to a system /n toto. It would not be possible to
claim any degree of accuracy for such a result and comparison
would be better done for each phase of the system, e.g.
construction, acquisition of fuel, transport and storage of fuel,
etc. The problem lies in the lack of good statistical information
to underpin the methodology and the choice of units for inter-
comparison. Although it has not been raised elsewhere to my
knowledge, it also seems inappropriate to deal in terms of
absolute risk levels for comparison purposes where the
numbers of people occupationally involved differ significantly
from one energy source to another. Their marginal change in

Table 4: List of Fog Disasters Occurring in UK Cities
During Previous 100 Years

London 1873 Rise in death rate from bronchitis by 268

in one week of chemical fog

London 1880 Rise in death rate from bronchitis by 692
in one week of chemical fog.

London 1891 Rise in death rate from bronchitis by 572
in one week of chemical fog.

Glasgow 1909 Average death rate from respiratory

disease of 57 per week increased in five
weeks of chemical fog to 138, 233, 171,
198 and 137

Average death rate from respiratory
disease of 137 per week increased in
chemical fog to 532 in 9 days

Three days of chemical fog estimated to
have caused 4 000 extra deaths in
London area

1 000 deaths directly attributed to
respiratory and circulatory disease
resulting from exposure to chemical fog.
750 deaths attributed directly to
chemical fog.

Salford 1930/31

London 1952

London 1954

London 1962

Source: EUR 6417 EN
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risk compared with the norm in alternative occupations would
probably be a better measure.

The studies mentioned above are concerned with routine
operations. Nuclear power stations are designed to minimise
the risk of accident with replicated and multiple safety
systems. Nevertheless designers also consider accident con-
ditions and ensure that a number of barriers are provided as
protection against the results of the unlikely accident and to
retain radioactive material within the reactor containment.
The assessment of risk and of the consequences of any pos-
sible accident sequence are accomplished by the methods of
fault-tree analysis which are well known from the Rasmussen’
report. Although the Lewis committee'’ was critical of the
confidence that was attached to some of Rasmussen’s
probability risk estimates, they were satisfied that the method
was appropriate and should be used. No such methodology is
applied to other energy sources however, despite the fact that
a major accident such as that at Three Mile Island has resulted
in no attributable death or disease due to enhanced doses of
radiation, whereas major accidents have happened during
work with other fuels. One of the most recent is the Alexander
Kjelland oil platform which capsized with the loss of 123 lives.
Others have since occurred in China and the Middle East. In
Bantry Bay an oil tanker tied up at the oil terminal exploded
with 51 fatalities. A relatively small quantity of propylene gas
in a road tanker which crashed into a camp site in Spain in
1977 resulted in over 100 deaths and 150 received serious
burns. An accident in 1978 during the transfer of propane gas
from a derailed tank car in the USA caused an explosion with
12 dead and 50 injured. Despite the horrifying numbers, these
accidents are not well remembered. Dams have a similar
record of disaster (see Table 5, ref. 11), although in the UK
there have been no recorded incidents involving injury or
death since 1926. In the US, however, more than 100 large
dams have failed since 1930. In fact dam disasters in the USA
during the earlier half of the decade beginning 1970 caused
355 deaths and widespread damage to property. A National
Dam Inspection Act in 1972 brought little relief and as late as
1977 a dam failure caused 39 deaths'.

A study by Ramsey'* has sought to bring together the acci-
dent and routine risks from the nuclear and fossil production
of electricity. His conclusions are summarised in Table 6.

Itis sometimes argued that there are two aspects of the risks
attached to nuclear power that have no parallel for the fossil
fuelled systems. The first is the irreversibility of the conse-
quences of a really big accident. Leaving aside the minimal
level of such risk, the question of reversibility can equally be
raised on the build up of atmospheric carbon dioxide as a
result of fossil fuel combustion. That it occurs is not in
dispute. Its long term significance is far from clear. |f climatic
changes were induced these could be for the better or
worse —depending on where one lived. Certainly world
agricultural and ecosystems could be greatly and permanently
affected. Much more research is needed to establish the scale
and nature of the effects.

The second "'risk”’ is that of weapons proliferation. This
subject has been discussed and examined at length both
nationally and internationally. The question is a mixture of
technical, economic and political considerations, and is seen
by some as being principally concerned with limiting and con-
trolling the availability of plutonium. | have pointed out
elsewhere that the link between civil nuclear power and
weapons proliferation is not direct and that a nation wishing
to have a nuclear explosive device can find easier and cheaper
means to its attainment than through a power programme.
The principal deterrent to proliferation is political and the
political institutions established through the Non-Proliferation
Treaty and International Atomic Energy Agency Safeguards
have served us well. They will need to adapt with time to take
account of changing circumstances, but there is little to

suggest that presence or absence of nuclear power pro-
grammes, or particular reactor systems, will radically alter the
level of proliferation risk.

Indeed the risks of international conflict, and the use of
nuclear weapons, could well be affected to a far greater
extent by the failure to provide sufficient energy for people's
needs.

Table 5 Catastrophic Dam Failures

Year

Place Fatalities
1979 Morwvi, India >3 000
1977 Teton, USA 9-1
1967 Koyna, India 180
1963 Vaiont, Italy 2 600-3 000
1961 Kiev (BabiYar) USSR 145
1960 Oros, Brazil ~1 000
1959 Frejus, France 421
1959 Vega de Tera, Spain 123-150
1959 Bhakra, India 10

Source: Greenhalgh: The necessity for Nuclear Power, 1980.

If these views are accepted there is no real distinction in
kind between the risks of different energy systems, although
there may be quantitative differences. The risks attached to
nuclear power are in fact probably better researched and
understood than those attached to fossil systems, where a
great deal of uncertainty attaches to the cause-effect relation-
ships. Major effects such as climatic change resulting from
carbon dioxide build up are possible, but have unquantifiable
costs (or benefits) and views on the values to be attached to
the relative risks to world peace from inadequate energy sup-
plies or the development of nuclear power are necessarily
subjective.

The trade-off

Let me turn now to consider how some of the above informa-

tion may be applied in everyday decisions. Decisions on future

electricity generating plant involve many factors and do not
concentrate solely on risk. In addition to health risks, there are
many other important factors such as relative social effects,
economic advantage, environmental impact and physical
damage.

One could in principle draw up lists covering both costs and
benefits, to assist in deciding:

(i) the choice between energy systems;

(i) acceptable level of risk;

(i) the levels at which emissions or effluent should be set, or

(iv) the directions of research programmes.

However, immediately we are faced with evaluating and com-

paringdissimilarimpacts— forexample healthagainsteconomic

gains or visual amenity against damage. To overcome this dif-
ficulty economists frequently resort to cost benefit analysis
which assigns monetary values to each impact, and the
national currency becomes the common unit of comparison.

This facilitates the difficult trade-off between different

factors, but problems arise. Pollution control or safety costs

are usually known fairly well but damage costs are much more
controversial and subject to large uncertainty:

(i) we may have insufficient knowledge about the distribution,
of certain pollutants, even if we know the quantities pro-
duced.

(il) the dose/damage relationship may be unproven or open to
many interpretations —e.g. threshold effects or the effect of
releasing large quantities of carbon dioxide to the
atmosphere;

(i) where damage is known it may be extremely difficult to
assign or even derive a monetary value—e.g. loss of life,
injury, the effect of noise, or air pollution.
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Table6 A summary of data extracted from Ramsay W.
Unpaid costs of electrical energy (Health and
environmental impacts from coal and nuclear power), a
study prepared for the National Energy Strategies
Project, published by John Hopkins University Press,

1979.
Coal-fired stations Nuclear stations

Events/GWe year Events/GWe year

Occupational
Accidents — deaths 0-57-1-45 0-09-0-31
Disease — deaths 0-4-4 0-09-0-175
Total injuries due to
accidents and disabilities
due to disease 88-175 17-5-30-7
Public
Accidents
Deaths - 4-4x103-88x 1073
Injuries/disabilities - 0-09-0-9
Disease
Deaths 0-8-32:2 1-4x103-6-14x 103
Disabilities 6x10°77x10° 0:8x103-7-89x 103

Notwithstanding these difficulties, which can be reflected by
choosing an appropriately wide range of values, this approach
may enable us to obtain a view of the overall costs of energy
supply.

There are, however, some broader issues which cost
benefit analysis cannot cover. For example concern is
sometimes expressed not just on the marginal impact of a
single nuclear development on civil liberties or nuclear pro-
liferation, but on the overall impact of a nuclear programme.
In many decisions it is right, in my view, to consider these
wider implications. However, this approach to risks should
also apply to benefits and this brings in the value to be
attached to economic growth, to the avoidance of inter-
national conflict and to the improvement of the lot of the third
world. All of these major aspects of both risk and benefit are
unquantifiableand, indeed, the valuesattached to them depend
as much on the political views of the individual as anything
else.

Risk analysis used alone avoids the added complication of
attaching monetary value to health or changed chances of
death, but does not overcome the problem of comparison of
levels of risk with the benefits to be derived from the risk.

It would be a great advantage if we could establish set
criteria for the acceptability of risk; we could then design all
systems to meet these requirements. This is already done for
specific aspects of specific systems, for example radiation ex-
posure at nuclear plant and dust emission from coal-fired
plant. Given such standards the choice of fuel for the next

power station would become purely a financial decision, since
the precautions employed to reduce risks to the prescribed
levels would be included in the monetary costs.

Such an approach would not take in the bigger un-
quantifiable issues raised above on which political and
technical judgment have to be brought to bear.

Summary and Conclusion

I have indicated the very large but unquantifiable benefits
associated with the provision of adequate supplies of energy
and drawn attention to the need to exploit all sources capable
of making a significant contribution at reasonable cost. | have
also pointed to the potential costs in social and economic terms
associated with failure to provide this energy for both the
developed and the developing world.

These benefits have to be set against the risks and costs of
energy supply. The conference has concentrated on risks to
life and health, but environment and property can also be
affected. Existing studies range from those which look at
accidents in the course of operation, through risks to the
population from routine emissions to the consequences of
major accidents. Some seek to extend risk analysis to em-
brace the whole system including building materials,
construction and maintenance. The data are often poor and
causal relationships in health and other damage effects
inadequately understood. On the whole the nuclear industry
appears to be the best documented and most studied. On all
these bases nuclear energy seems to carry relatively low risks.

The extension of “risk”" to embrace wider effects such as
climatic damage or weapons proliferation brings in un-
guantifiable trade-offs. The emissions of carbon dioxide from
fossil fuelled plant or low levels of radiation from nuclear plant
are unavoidable, although the latter can be controlled to set
limits. There is no simple method whereby all these aspects
can be brought together in a single decision criterion. Cost
benefit analysis can go so far but, if carried too far, obscures
rather than clarifies the trade-offs being made.

It seems to me that those responsible for making decisions
on energy are better served by having presented to them
statements of the risks to health and life, the effects on the en-
vironment and property and the full financial implications,
than they would be by some composite index which is based
on the value jJudgments of those who compiled it.

Insofar as it becomes possible to establish acceptable levels
of risk to the workforce or general public, much of the com-
plexity may vanish in that safety costs would be built into the
costs of plants. Nevertheless some trade-off will always have
to be made in setting the levels of acceptable risk if one is to
avoid misallocation of national resources. Some believe that
there is already over-investment in nuclear safety compared
with that in many other higher risk ventures. O
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The need for caution

In a separate presentation at the
Florence conference Prof. F.R. (Reg)
Farmer, latterly safety adviser to the
UKAEA, noted that there was a clear
indication that most risks were
steadily decreasing: the risk of harm
to people was much less now than in
previous generations. In spite of this,
perhaps as a consequence, there
seemed a growing awareness of and
reluctance to meet risks which were
new or newly perceived.

Like others reported in ATOM in
recent months, Prof. Farmer mused
on the fact that the degree of con-
cern, as deduced from press and
public reaction, seemed not to be
related to the potential harm. “Those
of us who have been involved in the
development of atomic energy have
accepted the high safety standards,
largely self-imposed, within the in-
dustry but are concerned at the inten-
sity of reaction even to trivial events
in the operation of nuclear plant,”” he
said.

But a phenomenon was not limited
to the public perception of the
nuclear industry; there were signs
that the potential hazards of other
industries were no longer being
accepted as a necessary conse-
quence of industrial development.

The main thrust of Prof. Farmer’s
paper however lay in his insistence

Motor vehicles: young men at higher risk

that risk tables—setting out “com-
parative’’ risks in various activities —
should be viewed critically and used
cautiously. Data relating to occupa-
tional risks was useful when following
the changes in any one activity for
which the data were obtained, as in
mining. In the UK the fatal accident
frequency rate for miners had fallen
from 3 140 per million per year in
1875 to 300 in the decade ending
1972, and showed a persistent fall of
35 per cent a decade. The average for
all recorded UK factory fatalities
showed a fall of 5 per cent a decade.
But even if death was—as it often
was —the easiest parameter to
measure some weight should also be
given to injury and other harmful

Average Specific
Accidents
Motor vehicles 130
Young males 370
Home 120
Over 65, female 820
Less than 65 26
Work 34
Engineering textiles 23
Chemical 87
Shipping 162
Mining 300
All Causes
Age 5-14 Male 300
Female 200
35-44 Male 2 000
Female 1 400
55-64 Male 18 000
Female 10 000

Comparing average with more specific risk rates (all per million per year)

effects. Another difficulty lay in
deciding what weight to give fatalities
of different types at different ages:
circumstances which involved a risk
of death occurring on average early in
life were ordinarily likely to be
regarded as more detrimental than
those involving an equal risk of death
late in life.

Inevitably, however, comparisons
would be made not only from in-
dustry to industry but with other acci-
dental risks. Occupational risks were
generally averaged over all those
employed in a given industry but
could sometimes be more selective:
as in mining, where data could be
presented for underground face
workers and for above-ground
workers. Averages for industries
might also include office workers, or
white collar workers, together with
those on the factory floor. Then
again, it had been said on the basis of
‘‘averages’’ that it was more
dangerous at home than at work—
but the perspective altered when it
was recognised that more than 80 per
cent of accidental deaths in the home
arose from falls and fires affecting
people over the age of 65; for those
under 65 the ““home risk rate” fell to
26 per million per year. [See the
accompanying table.]

So far he had been talking about
accidents which might kill or injure
single individuals, but they had also
to be concerned about accidents
which could kill many people at the
same time. Any concern for occupa-
tional hazard should also consider the
possibility and effect of major
hazards; in complex and extensive
modern installations, as in the petro-
chemical industry, such concern
should lead to further increase in
safety consciousness and reduce the
risk of minor hazards as well as major
ones. Efforts to reduce risk to the
public would also reduce risks to
employees. O
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FUTURE ENERGY

At two-yearly intervals energy specialists from
many countries gather in London to examine the
prospects for “‘future energy’’, at a conference
organised by the Science, Education & Technology
and Power Divisions of the Institution of Electrical
Engineers in association with other bodies in the
UK and Europe. The third in the series, attended by
263 delegates, was held in London in January.
James Daglish reports

R.C. Hills, chairman of the IEE Science, Education and
Technology Division, opened the conference with a stark
statement of energy prospects as he saw them. ““The need to
husband reserves of fossil fuels is very evident; the work
which is going on on the renewables and conservation is
clearly of vital importance. Time is not on our side in what
could be a crucial struggle for survival.”

Dr A.A.L. Challis, chief scientist at the Department of
Energy, might have found this a hard act to follow; but he
was able to announce that the Department had as he spoke
announced support for the immediate building of a 250 kW
wind generator on a site in the Orkneys, to be operational in
October this year, and o be followed by a 60m aerogenerator
with an output of 3 MW, expected to be operational in 1983
or 1984. [See p. 88]

Dr Challis noted that many of the papers to be presented at
the conference dealt with generation; very few considered
conservation. It could be argued that conservation was a
specialised area, "'but very great intellectual effort goes to the
‘demand’ end and there is call for rather more high-grade
effort in the whole area of conservation,” he said.

Many “'future concepts’’ of energy had electricity as their
end product. Electricity has some non-substitutable uses, in
lighting, in domestic appliances, In electrochemical plants
and small dedicated power sources. They were premium uses
of electricity which were of key economic importance, and
were clearly where the future of electricity must lie. "It is |
would also believe where electricity use is likely to increase
with general prosperity; capital investment in increased
labour productivity tends to involve the use of electricity in

one or other of its non-substitutable modes."”

There did seem to be, simply as a matter of observation, a
very solid relationship between growing energy use and
growth of electricity use. '"Conservationists have argued that
they can be decoupled, that they should be uncoupled and
that they must be uncoupled if mankind as a whole is to look
forward to lives that are anything other than short, brutish
and nasty,” said Dr Challis. "'But the conservation measures
which have been cc many years do seem to have
been remarkably There do seem however to be
some signs that ng process may arguably be
visible. As of now we have T sion, not growth. | am
saying not that ene > up more slowly than
prosperity, but that energy has gone down faster than
recession. Perhaps what we are looking at is a secondary
effect of recession and not decoupling at all. | don’t know,
and | suspect that those who say they do are not particularly
credible.”

g for

use

Keynotes
The first keynote address was given by P. Blakeley, Qil
Operations Director of Imperial Chemical Industries Ltd, UK
He started from the fact that supplies in the world oil market
were now tight, and there was very little room for manoeuvre
In resuming growth in the world economy. The situation was
in marked contrast to that which obtained in the 1950s and
60s; it might be attributed to the fact that oil output had been
curtailed to an even greater extent than might have been fore
seen, "but | think it must also be attributed to the fact that
the growth in “alternative energy’ use has been very modest.”

What then of the future? The outlook was for continuing
limitation of growth potential: free world economic growth
rates would be not more than the sum of the rate of growth of
energy savings and the rate of growth of energy supply. This
could be calculated to be likely to be just over 3 per cent for
the free world as a whole, and 2-5 per cent in the developed
world. Could the energy growth rates be improved to such an
extent that economic growth could be greater?

| believe this conclusion might fairly be reached: that the
free world as a whole and the developed part of it in particular
has a ce between accepting limitation of economic
growth potential —or to put it another way, a balancing of

choice
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