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It is a pleasure to be asked to speak to you on the subject of "World
Energy Needs and Supply". 1 found the choice of words "Needs" in-
teresting. A few years ago when the Conservation Commission of the
World Energy Conference was establishing the terms of reference for
\ts global energy study, eventually published as "World Energy -
Looking ahead to 2020", the members of the communist block countries
advocated that we project world energy needs. The rest of us
demurred on the grounds that an estimate of "Needs" entailed a
judgement that we weren't prepared to make. Whether it was because
of the force of our arguments or because there were several more of
us, the Commission chose to explore "Demand" rather than "Needs".

"Demand", unfortunately, is not much more tractable than "Needs" for
long range projections. There is no intrinsic demand inseparable
from supply. In its technical sense, "Demand" is the rate at which
a commodity is drawn from a supply system. True demand is a
matter of historical record. In planning supply systems, it is
common to project what demand might be if supply weren't limiting
because over the short term demand is regulated by other factors.
Over the iongterm, however, demand is inextricably intertwined with
supply. It is not practical to estimate energy demand over several
decades and then, separately, estimate possible supply and with some
tidy bookkeeping determine the consequences.

Having said th is , the Commission did have the benefit of a demand
study performed for it by the Energy Research Group of the Cavendish
Laboratory at Cambridge. It followed the rather conventional route
of postulating scenarios involving various assumptions of economic
growth and, by applying constant factors, relating growth in energy
supply to economic growth and the effect of changes in the relative
price of energy, estimating the energy supply required over the
period to 2020 for the domestic, industrial and transportation sectors



and for chemical feedstocks for seven major regions of the world.
With this approach, the conclusion was that economic growth rates
comparable to those of the last forty years would require 8 times the
1975 level of energy supply by 2020. If only half this amount is
available, • strong price and regulatory constraint on the use of
energy would be necessary if recent economic growth rates are to be
maintained.

Professor Tor Gerholm, a consultant to the Commission and Author of
the chapter in our report on "Demand", offered a somewhat different
approach. He suggested that if the factor that relates growth in
energy consumption to economic growth (the income elasticity for
energy as it is called) naturally declined with development of the
economy, a rosier picture would emerge. There is, as it happens,
some basis for thinking this since today the income elasticity for
energy for developing countries appears to be about 1.3 and for
industrialized countries about 0.8. Without going into the details,
Gerholm's alternative scenario leads to the happy conclusion that
fourfold increase in energy supply from 1975 to 2020 would support:

A continuation of the high 1960-1975 economic growth rate of
4.2% per year for the OECD countries. (Energy growth would
fall from 3.3% per year to 1.7% per year over the period).

An annual increase in energy production in the centrally
planned economics of 3% per year. (No attempt was made to
estimate the corresponding economic growth).

An economic growth rate of 5.7% per year for the developing
countries. (Energy growth would fall from 7.6% per year to
5.1% per year).

Everyone should be happy at least until they get to the end of the
chapter where Tor Gerholm writes "This alternative scenario must not
be misinterpreted. Its sole purpose is to extend the framework of
speculation". This nice turn of phrase underscores the uncertainty
in long term projections of demand.

This is no reason for dismay, however; supply, not demand, is the
prime determinant of consumption in the long run. Over the long
haul, man has put to use whatever his wits have devised, his
industry produced, and his emotions didn't thwart. There have, of
course, been times when ba<£ organization has prevented him from
living up to his potential. The Great Depression is an outstanding
example. More often than not, though, supply has been the limit
and potential supply is an easier thing to estimate than demand.

Energy resources are a measure of knowledge; knowledge of chemistry,
mathematics, geophysics, and how to hold a wrench; knowledge in all
its manifestations. The energy received regularly from the sun and
stored in the crust and waters of the earth has hardly changed from



the time man first appeared. What has changed is his knowledge of
where it is, how to get at it, and how to put it to use. Over the
ages, man gradually increased his knowledge of what are today
called "The Renewable Energy Sources", but the great leap forward
came in the last century when the bulk of the fossil hydro-carbons
and, more recently, uranium were brought within the ambit of energy
resources with the result that, today, man's energy resources are
greater than they have ever been.

Available energy is a measure of man's industry; the application of
his effort to the energy resources; an effort that can only be
developed slowly, block by block, as trained teams are created and
infrastructures expand in balance with the growth of capacity in
other human endeavours.

Finally, energy supply is the product of man's knowledge and
industry modulated by his emotion, his attitude and actions with
respect to others. With those definitions, let us look at energy
supply today and what it might be 40 years from now. In doing
this, I propose to start at the beginning. This is usually left to
the last.

Man's prime source of energy down the ages has been biomass. By a
century ago, it had enabled. man to expand from a number of small
bands to one billion people. Today, a billion people still depend on
vood, straw and dung for 70 per cent of their fuel requirements.
For the most part, these people are in the tropics, Brazil, Africa,
Pakistan, India, Bangladesh and South East Asia. Growth of vegeta-
tion in many of these areas is rapid. Nevertheless, it is unlikely
the present level of consumption can continue. The Economist reports
that at least 10 million acres of forest have been lost in India since
1951 and someone has calculated that the 75 per cent of the
population that relies on wood for 70 per cent of their energy needs
now take about 8 times as long to collect that wood as they did 15
years ago. Similar situations exist in parts of Africa and South
East Asia. Without better practices and alternative fuels, this region
could suffer serious hardships because of lack of fuel.

There are other countries that use as much biomass per capita as those
tropical countries. They include China, the USSR and Canada. In
fact, in 1976, Canada used more fire wood per capita than India —
although this has probably been changed by now. Canada's largest
biomass energy source, however is wood wastes.

Whereas India, however,' derives only half as much energy from coal,
oil and gas and primary electricity as she derives from biomass, in
China this ratio is 4:1; in the USSR - 27:1; and in Canada - 35:1;
in Western Europe, the ratio is 60:1 and in the United States - 90:1.

fjie main source of energy in the industrialized part of the world is,
course, fossil fuels. Over hundreds of millions of years, a tiny



fraction of the hydrocarbons synthesized by sunlight was trapped in
the earth's crust, and today it is estimated that there is the energy
equivalent of "a month's sunshine in the world's coal, oil and gas
deposits. Today, over 80 per cent of man's energy — that is, the
energy that man controls — comes from these sources. Nearly half of
this or nearly 40 per cent comes from oil^ over 25 per cent from
coal, and nearly 20 per cent from gas.

Today, the world is using oil at the rate of over 3 billion tonnes a
year. Total remaining recoverable resources of conventional oil are
estimated to be about 260 billion tonnes so that it is being consumed
at more than 1 per cent per year, and already nearly 25 per cent of I
original recoverable resources have been consumed. Before the turn f
of the century, conventional oil production is expected to peak at \
about 4 billion tonnes per year and then gradually decline. Someone I
will point out that this kind of prediction has been made since oil (
production began. All the time, however, man's relevant knowledge t
has been expanding so that the margin for error is continually [
shrinking. |

The so-called unconventional oils - from the tar sands and oil *
shales, from beyond the continental shelves and from the so-called |
tertiary recovery methods using heat and miscible fluids - might j
double the recoverable resource. This could sustain high oil :
production for several decades, but is is unlikely to increase peak
production because it will require many years and large expenditures
to develop high capacity. Recoverable gas resources are about equal
to the recoverable conventional oil resources. Already providing
about half as much energy as does oil, gas production is increasing
rapidly and is projected to approach the present level of oil
production around the turn of the century and then decline.

The large resources of coal are frequently quoted to indicate adequate
supplies of natural hydrocarbons long into the future. Whereas,
however, gas is nearly all recoverable and conventional, oil is about
20 per cent recoverable and perhaps up to 40 to 50 per cent
recoverable with tertiary methods, coal to date is only 6 per cent
recoverable. On that basis, recoverable coal resources are only
twice those of conventional oil or gas.

Unless higher recovery rates can be achieved, peak coal production
will not be much greater than the peak total oil and gas production.
The Research Institute of the Hard Coal Mining Industry of the
Federal Republic of Germany in reports to the World Energy Confe-
rence has estimated that coal production can triple between now and
2020 reaching 9 billion T.C.E. per year by that time. If this
happens and coal recovery rates are not substantially increased,
peak coal production could be reached before mid-century.

The prospect for energy from natural hydrocarbons are then as
follows:



1. The use of biomass for energy production will probably in-
crease in a few special places in the world — such as
Brazil but, in view of the depletion of forests elsewhere
and the competition for biomass for food, it is unlikely there
will be much increase in energy supply from this source.

2. Energy production from coal, oil and gas resources may very
well double between now and the early years of the next
century but, unless there is a revolution in coal mining,
growth thereafter will be very slow and will culminate by
mid-century.

Hydro-electric energy now provides about 2 per cent of the world's
primary energy or about 6 per cent on an equivalent thermal basis.
This might quadruple over the next forty years, but this will not
represent a big increase in energy supply.

GKpthermal energy might make a contribution of the same order.

Solar energy or, more properly, the diversion of solar energy to
specific uses, may become very important in the long run but it can
make only a modest contribution to man's energy supply in the next
few decades.

If there is to be a major increase in world energy supply in the
early years of the next century, it must come from nuclear energy.

In 1977, the Department of Energy, Mines and Resources and A.E.C.L.
produced a report of the potential for nuclear energy for the
Conservation Commission. This projected a possible installed capacity
by 1985 of 300 Gigawatts and by 2020 of 5000 Gigawatts. There is
every prospect of the 1985 figure being achieved, although there is
growing skepticism about the 2020 figure because of the dearth of
orders in the last 5 years. In my opinion, it is still too early to
say it is not achievable. The Construction schedules that lengthened
and sometimes vanished completely in the face of slack demand and
noisy opposition will probably reappear and shorten in a period of
high demand. The important thing is that even if the 5000 Gigawatts
were to be achieved, it is only half enough to maintain growth in
energy supply at today's rates — that is, the equivalent of about 2
billion barrels of oil a year — in the early years of the next
century.

In summary, the opinion of the Conservation Commission was that the
potential for world energy supply is a doubling between now and 2000
and a further 50 per cent increase between 2000 and 2020. It cannot
be emphasized too much that the projected tripling of supply over the
next 40 years is what the Commission and its contributors regarded
as the potential starting from the present technical ' and industrial
base. It can only be attained through major sustained efforts in
resource exploration and development and in conversion plant construc-
tion.



Having now estimated potential supply, we can review the present
situation in the world with respect to energy and surmise what the
potential energy supply might imply for the world in 2020.

The average per capita consumption of energy in the world today is
the equivalent of about 5 litres of oil pe^ day per person. For the
three billion people in the Third World,' it is less than 2; for
Southern Europe -*5; for Japan \8; for the USSR and Eastern Europe
^10; for North Western Europe --r-Hi and for the United States and
Canada ^23.

Over the next 40 years, world population is projected to double.
Most of the increase will occur in the Third World. If per capita
consumption in the Third World remains at present levels, average
per capita consumption in the industrialized countries could more
than double to the equivalent of 30 litres of oil per day per person
or 30 per cent above current North American levels. This seems very
unlikely. If consumption rates in the Third World were to approach
those of Southern Europe - 5 litres of oil per day - there could be
no increase in the industrialized countries. This also is most
improbable since much of the driving force - coal mining, nuclear
power, and advanced energy technologies of all kinds - will come
from the industrialized countries.

The most likely prospect, therefore, is that there will be about a 50
per cent increase in per capita use of energy around the world.
This implies average growth in energy supply in the Third World
over the next 40 years of 3 to 4 per cent per year; perhaps the same
in the industrialized countries for the next 20 years but tapering off
thereafter to half that rate.

This will only happen with increasing industrialization of Third
World countries with major resources - such as China, India, Brazil,
Indonesia and, in due course, countries like Nigeria. It also implies
increasing commerce in coal and gas to Japan, Western Europe and
other areas; and the increasing restriction of the use of liquid
hydrocarbons — material and synthetic — to transportation, agricul-
ture, and to the manufacture of chemical products.

The difficulties in the transition from oil to other energy resources
that the world is now facing may help to prepare it for the greater
transition to be made late in the 21st century from natural hydro-
carbons to synthetics and primary reliance on nuclear energy; for
there is no reason to think that the world will stop progressing with
three-quarters of its population having 10 to 20 per cent of the
material conveniences that the other quarter enjoys.

In the long run, the fossil fuels - the mo&th of sunshine - will be
seen as the pioneer that introduced the nuclear age.


