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L'ENERGIE AU CANADA: EXAMEN ET PERSPECTIVE

par

R.S. Dixon

RESUME

On examine la consommation d'énergie historique du Canada, sa
consommation actuelle et ses besoins probables d'ici la fin du siècle.
On estime qu'on aura besoin d'au moins 50% d'énergie de plus en l'an
2000 qu'aujourd'hui, en supposant un taux de croissance de consommation
d'énergie primaire d'au moins 2%. On étudie les ressources ënergériques
renouvelables et non renouvelables à la lumière de ces besoins futurs en
énergie et de la nécessité de substituer d'autres sources d'énergie au
pétrole classique pour diverses utilisations finales. On étudie également
les risques relatifs en jeu dans la production de l'énergie.

La plupart des besoins résultant de l'augmentation de la
consommation d'énergie et de la substitution du pétrole au cours des 20
années à venir seront probablement satisfaits par des sources d'énergie
classiques du fait que les réserves indigènes sont considérables et que
les technologies relatives sont bien connues. Selon une étude des
utilisations finales de l'énergie, les réserves charbonnières, nucléaires
et hydroélectriques pourraient pallier l'augmentation de la demande
d'énergie bien avant dans le siècle prochain, et les réserves de gas
natural sufficient pour combler l'intervalle lors de la période de
conversion du pétrole en d'autres sources d'énergie. Dans un avenir
plus lointain, l'énergie nucléaire (en utilisant des cycles de combus-
tible avancés) et le pétrole des sables bitumeux assureront la sécurité
à long terme du Canada en matière de ressources énergétiques. La péné-
tration des sources d'énergie nouvelles sera probablement faible au
cours des 20 ans à venir. Toutefois, les plus promettouses, par example
le bois, le soleil et le vent, peuvent devenir un élément important de
la situation énergétique du Canada au cours du siècle prochain.

L'utilisation accrue des sources d'énergie classiques per-
mettrait 'au Canada de réduire et, par la suite, de ne plus dépendre du
pétrole importé et de se suffire à lui-même sous l'angle de l'énergie à
l'avenir. Elle lui donnerait également le temps d'évaluer avec soin les
autres sources d'énergie et de développer et d'incorporer les plus
intéressantes dans le cadre énergétique canadien. Cette stratégie
entraînerait un minimum d'inconvénients pour la société et jetterait les
bases d'un avenir dans lequel les choix énergétiques seraient bien
établis.
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ABSTRACT

Canada's historical energy consumption, its current consumption
and its likely requirements by the turn of the century are reviewed. It
is estimated that at least 50% more energy will be required in the year
2000 than is consumed now, assuming a minimum 2% growth rate in primary
energy consumption. Both non-renewable and renewable energy resources
are examined in the light of these future energy requirements and the
need to substitute alternative energy sources for conventional oil in
various end uses. The comparative risks involved in energy production
are also reviewed.

Most of the increase in energy consumption and the substitu-
tion of oil over the next 20 years are likely to be met by conventional
energy sources, since indigenous reserves are extensive and the relevant
technologies well-established. A survey of energy end uses shows that
coal, nuclear and hydro reserves could cover the increase in energy
demand until well into the next century, and natural gas reserves are
sufficient to bridge the gap during conversion from oil to other energy
sources. Looking further into the future, nuclear power (using advanced
fuel cycles) and oil from the tar sands offer Canada long-term security
in energy supplies. The penetration of unconventional energy sources is
likely to be relatively small during the next 20 years. However, the
most promising, for example, wood, solar and wind, may become a signi-
ficant part of Canada's energy picture in the next century.

Expanded use of conventional energy sources would help Canada
to reduce and eventually eliminate its dependence on imported oil and to
achieve energy self-sufficiency in the future. It would also allow time
to assess alternative energy sources carefully and to develop and
incorporate the most successful into Canada's energy picture. This
strategy would cause minimal disruption to society and would lay the
foundation for a future with its energy options secured.
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NOTE: This report, prepared in 1980,
includes cost comparisons for various
fuels in 1979. Since its completion,
the costs of some fuels, particularly
imported oil, have risen substantially.
These increases should be borne in mind
when the cost comparisons of various
fuels are examined.



1. INTRODUCTION

Energy has always been, and will continue to be, an important

part of our lives. Over the past few decades, man's use of energy has
(1-3)been increasing rapidly, largely because of the growth in population

As shown in Figure 1, the rate of growth of the world population was

small up to the year 1500 but after this, it gradually accelerated.

During the eighteenth and nineteenth centuries, the period of the Indus-

trial Revolution, there was increased population growth and wide eco-

nomic and industrial expansion, particularly in Europe. This expansion

has continued in the twentieth century with accelerating growth in both

population and energy consumption • The growth in world primary

energy consumption over the past fifty years is shown in Figure 2. A

similar, but more rapid, expansion in energy consumption has occurred in

Canadavy as its population has grown ' . This is shown in Figures 3

and 4. A more detailed analysis*" of Canada's energy consumption in

the 197O's is shown in Figure 5.

The availability of cheap energy and the effective use that

has been made of it have resulted in unnumerable social and economic

benefits to mankind. While we should conserve energy, or any precious

resource, by making the most efficient use of it, we should not restrict

its use without good reason, if, by doing so, we are denied the benefits

it provides. The question, therefore, is whether we have the capability

to continue at our current rate of energy consumption, or at a higher

rate, if the future requires it. This will mean provision of continuous

supplies of safe and readily available energy at a reasonable cost. In

order to achieve this goal in Canada we need first to identify the

resources which are sufficiently extensive to fulfill our future energy

requirements. Then we must consider possible constraints, such as cost,

lack of technology or incompatibility with end use, which might restrict

or prevent exploitation of a given resource. Finally, we need careful
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planning, rational decisions on energy development and rapid implemen-

tation of the policies arising from these decisions.

Over the past few decades, cheap convenient supplies of energy

have been taken for granted in North America and the present high

standard of living associated with the western world can be attributed,

in no small part, to the availability of cheap energy. However, recent

events may have convinced us of what, previously, we had steadfastly

refused to believs - that we are in the midst of an energy revolution.

We have developed a society which is critically dependent on petroleum

resources. The supply of conventional domestic oil is insufficient to

meet our needs and the price of imported oil is increasing at an alarm-

ing rate. Recent world events have demonstrated our vulnerability and

the dangers associated with our dependence on a few major oil-producing

nations. In the United States and elsewhere, this vulnerability has now

been translated into a language which can be underotood by everyone,

namely, rapidly rising prices and uncertain supplies of gasoline. The

realization that major changes are imminent is now evident, not only at

the government and corporate levels, but at the individual level.

Clearly, we need to reduce our dependency on oil and develop alternative

energy sources as quickly and economically as possible.

It could be argued that the so-called energy crisis is really

one of energy conversion or cost, since alternative energy sources, not

limited by resource constraints, are available at a price. While

economic viability is a prerequisite for any energy source, we must

recognize that some alternatives, in addition to being costly, would

take many years to develop to a stage where they could contribute sig-

nificantly to our energy requirements. Nevertheless, development of

some of these alternative energy sources is important since the most

economical and practical solutions to future energy demands will involve

a mix of alternatives. Despite efforts to optimize the use of our

resources, however, the price of some energy forms, particularly oil,

will probably continue to rise in the future and we face the prospect of
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paying higher proportions of our personal incomes for energy. Conserva-

tion will counteract this to some extent by eliminating waste and

increasing efficiency, but in the long run, conservation is only likely

to reduce the rate of energy growth. In the emerging nations, energy

demand can be expected to rise dramatically in the next 50 years as they

attempt to raise their standard of living to something approaching that

of the developed nations. Obviously we will need to exploit and develop

all viable and acceptable energy resources available, in order to satisfy

increasing global requirements. This is one of the major challenges

facing man today.

Whilst AECL's responsibility has been the development and

application of nuclear energy, a continued assessment of alternative

energy sources is important so that nuclear energy may be put in its

proper perspective ~ . This report reviews the overall energy

picture from a Canadian perspective. It examines short-and long-term

energy resources, supply and demand, effect of conservation, end use and

cost of alternative energies, comparative health risks of various energy

sources and probable future energy requirements. Finally, conclusions

on energy use and development in Canada are made.

2. ENERGY CONSUMPTION IN CANADA

2.1 PRESENT

Canada has one of the highest per-capita consumptions of

energy in the world, as the comparison in Table 1 shows. This is

largely due to the severe climate, the large distances involved, the

highly energy-intensive industries (including the agricultural and

energy supply industries) and the high standard of living in Canada. On

the average, each Canadian consumes about a billion joules of primary
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TABLE 1

WORLD PER CAPITA PRIMARY ENERGY USE IN 1978
(3,6)

Country
or Region

Luxembourg

Canada

U.S.A.

Iceland

Norway

Sweden

USSR

W. Germany

U.K.

France

Japan

World

Latin America
(Central + South)

China

Turkey

Africa

S. Asia
(excluding USSR,
China, Japan)

Approximate
Population
(million)

0.36

23.5

219

0.22

4.1

8.3

259

61.3

55.8

53.3

115

4200

326

958

43.2

457

1225

kW/Capita

15.7

12.3

11.5

11.5

10.0

7.9

5.7

5.2

5.0

4.8

4.3

2.1

1.°

0.7

0.7

0.4

0.3

J (109)/
Capita

494

387

365

362

306

245

178

168

158

148

133

67

38

22

21

12

10

Taken from Reference (14).
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energy*, equivalent to about 27 litres (6 gallons) of oil, per day.

During the past decade, the bulk of our energy requirements has been met

by three versatile energy forms, namely oil, natural gas and electricity

(Table 2). Today over 60% of our primary energy comes from oil and

natural gas. Most of the remaining energy is in the form of electricity,

almost 70% of which is generated by hydro and about 20% by fossil fuels.

Nuclear power supplies about 9% of Canada's electricity, although in

Ontario i: provides some 30% of the province's electrical demand. The

1979 sources of Canada's primary energy, including biomass, are shown

schematically in Figure 6.

Secondary* energy consumption in Canada can be divided among

four general sectors, that is, industrial (including the energy supply

industries), commercial, transportation and residental (domestic and

farm). Table 3 shows how the relative distribution has changed over the

past 20 years. Figure 7 shows how the main energy forms, namely oil,

natural gas and electricity, were distributed amongst these sectors in

1975. The versatility of oil is evident since it supplies almost 100%

of the energy needs of the transportation sector and major fractions for

the other three sectors. Cost, convenience, availability and security

of supply led to the choice of oil as our main energy source. However,

the oil situation is changing, as events in the last few years

show ' ' . In the early 1970's, Canada was a net exporter of

petroleum (oil, liquefied petroleum gases and other refined products).

Domestic production peaked in 1973, but Canada remained a net exporter

until 1976**. Since then, the cost of our oil imports has risen drama-

tically ' . While exports of other fuels, particularly natural gas

and electricity, have ensured Canada a positive energy trade balance,

this cannot be guaranteed in the future.

* For definitions of primary and secondary energy, see Appendix A.

** Taking crude oil alone, Canada became a net importer in 1975.
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TABLE 2

SOURCES8 OF CANADIAN PRIMARY ENERGY(10»15"18)

Percentages

Petroleum

Natural Gas

Coal and Coke

Hydro Electricity

Nuclear Electricity

1971

48.2

17.2

9.7

24.3

0.6

1973

47.3

18.3

8.5

24.0

1.9

1975

46.8

18.8

8.0

24.9

1.5

1977

44.9

18.7

8.9

24.5

3.0

1979

44.5

18.7

9.3

23.8

3.7

a Excluding bioraass

b At a primary fuel value of 10 550 kJ/kWh.

TABLE 3

CANADIAN SECONDARY ENERGY CONSUMPTION(10,17)

Percentages

Domestic
and farm

Commercial

Industrial

Trans-
portation

1960

24.4

8.5

41.6

25.5

1965

22.9

11.2

41.2

24.7

1970

20.8

14.1

40.8

24.3

1973

19.1

13.0

42.4

25.5

1976

19.7

12.1

42.3

25.9

1979

18.1

12.9

42.8

26.2

Including the energy supply industries.
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2.2 FUTURE

Energy patterns are continually changing and it is interesting

to compare the fluctuating importance of some of Canada's energy sources.

For example, sixty years ago, hydro power was Canada's only source of

electricity and, even today, it provides about two thirds of our elec-

tricity * . By contrast, coal, which thirty years ago supplied

almost half of our primary energy, now provides less than 10% and most

of that is in electricity generation. Similarly, wood which heated

almost a third of Canadian homes in 1950, now heats less than 2%. The

relative importance of each energy source from Confederation to the

present day is shown, in Figure 8. Figure 9 shows, in more detail, the

relative contributions of Canada's major energy sources over the past 30

years. The recent data in Figure 9 and Table 2 clearly show a small but

gradual decrease in the relative use of petroleum (although the absolute

use has continued to increase), and the emergence of nuclear electricity.

Population and energy demand have continued to grow in Canada

(Figures 3 and 4), and there seems to be little prospect of a reversal

in this trend in the immediate future. Forecasting the future energy

scene with accuracy is difficult. Nevertheless, many recent energy

analyses predict that total energy consumption will continue to increase

in Canada in the near future*- ' ' ~ . The analyses differ in the

magnitude of the increase and its timing, but all agree that the demand

for energy will continue to grow. This conclusion is inexorably linked

to a steadily increasing population, and the desire to maintain a high

standard of living. Other factors, such as recovery of less accessible

energy reserves and leaner mineral ores, enhanced pollution control and

more intensive agriculture, will also increase energy consumption.

However, this will be counterbalanced somewhat by conservation and

improved efficiency. The extent to which conservation will affect

energy consumption is a subject of some controversy and misunderstand-

ing. Conservation has eliminated much wastage, resulting in more effi-

cient energy use, and it will continue to do so. However, it is unlikely
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to lead to an absolute reduction in energy demand. So long as the

population is increasing, total energy demand is likely to increase.

Conservation will reduce the projected demand by slowing the rate of

growth. However, while conservation is not only practical and essen-

tial, it has limitations. Its main effect is to allow us more time to

identify and develop future energy supplies.

The effect that the oil crisis and other factors have had on

the economy have dramatically affected projections of the growth in

energy demand in Canada. Table 4 shows a number of projections made in

Canada during the 1970's. Some of the recent projections are close to

half of the earlier projections. Some of the more recent comprehensive
fl 7 9ft 2A 2 8 "i"] ̂

studies of Canada's energy requirements ' ' ' suggest primary

energy demands of 13-17 EJ by the year 2000 and 15-22 EJ by the year

2025, assuming populations of ^ 30 million, and ^ 33 million, respec-

tively. These projections are based on a moderate annual primary energy

growth rate of 2-3% to the year 2000 ( 1 7 > 2 0' 2 4~ 2 8' 3 1\ which is similar

to the growth rate for North America suggested at the 1977 World Energy

Conference ̂ 3 2\ and only 1% between the years 2000 and 2025^17^. They

recognize the need for economic growth in our society within the frame-

work of conservation and improved efficiency. They are, however, much

below the recent historical growth rate and would, therefore, require a

careful and disciplined energy policy in order to sustain satisfactory

economic growth and to maintain individual and social standards. The

moderation of demand could result from lower rates of population and

economic growth, conservation and improved efficiency, and a changing

energy structure which would require reassessment and reorganization of

energy end uses to match future supply capabilities. Even lower growth

rates ' ' have been suggested but these seem unlikely in view of the

major social adjustments that would be required.

While various scenarios are possible, therefore, recent fore-

casts suggest a primary energy growth rate of 2-3% to the year 2000,

and perhaps as little as 1% between 2000 and 2025. With an expected



TABLE 4

SOME ESTIMATES OF CANADA'S ENERGY REQUIREMENT IN THE YEAR 2000

Year

1973

1975

1976

1977

1977

1978

1978

1979

1979

1980

Scenario or
Projection

Energy Balance

High Projection
Standard Projection

Low Price Scenario
High Price Scenario

Energy Conservation
Scenario

High Projection
Conservation Scenario

Base Projection

Illustrative Demand

Base Case
Low Demand Case

Base Case

Conservation Scenario

Primary

Requirement in
the Year 2000

(EJ)

29.5

22.0
16.4

24.6
22.2

13.6

21.0
13.2

17.2

16.9

18.0
13.8

17.6

15.6

Energy

Growth
the year

4.7

4.2
3.4

4.4
4.0

2.0

4.0
2.1

2.8

2.8

3.0
1.8

3.1

2.5

Secondary

to Requirement in
2000 the Year 2000

(EJ)

21.3

17.1
12.8

15.8
14.2

7.6

10.2

10.5

8.4

Energy

Growth to
the year 2000

4.5

3.9
3.1

3.7
3.3

1.2

2.4

2.0

Reference

26,29

26

16,26a

26,27a>b

23,28,30

20a

17,26

32

25a

24C

I

a Figures are extrapolated to the year 2000.

b Gross-primary and end use secondary figures were used.

c Primary energy estimated (R. Clayton, private communication). Secondary energy is at final end use.
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population growth rate of ^ 1% per year to the year 2000, and with more

efficient energy use, this primary energy growth rate is consistent with

a G.N.P. growth rate of 2-4%^17'24»25'27'31>35"3''\ However, even if

this moderate energy growth rate is achieved, Canada will still need at

least 50% more primary energy in the year 2000 as it did in 1975. What

resources does Canada have, will they meet our future energy needs and

are they consistent with the recently stated national goal of energy

self-sufficiency?

3. CANADA'S ENERGY RESOURCES

Many terms are used to describe energy resources, e.g., geo-

logic, proven, estimated additional, ultimately recoverable, and econo-

mically recoverable. Some of these terms appear similar but are quite

different, and sometimes different terms are used to denote the same

quantities. In this report we will use the terms "resources" and "re-

serves". "Resources" covers all accumulations of a particular energy

form which are known or inferred to exist. "Reserves" applies to that

portion of a resource from which usable energy is deemed to be econo-

mically recoverable, either at present using currently available tech-

nology (proven reserves), or in the future using improved or newly

developed technologies (estimated additional reserves). Because of the

imprecise nature of these definitions, however, some overlap is, at

times, unavoidable.

3.1 RESOURCES

Since Canada has more than 6% of the world's land mass, its

resources are a significant fraction of the total world resources.

Table 5 shows Canada's energy resources and they are clearly substan-

tial, particularly when we consider that our primary energy use is

•v 9 EJ/a. For example, coal resources alone could supply Canada's total
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TABLE 5

CANADA'S ENERGY RESOURCES

Source

Oil
Natural Gas
Coal
Tar Sands and ,
Heavy Oil '
Nuclear Fission
Nuclear Fusion
Geothermal
Solar
Hydro
Wind
Tidal
Biomass

Total (EJ)

50
200

3
5000

6xl07

6x107
48

- 300
- 400
300 a
- 6 000 b

- 6xl09 c,d
- 6xlO9 c,d
000 g

Energy Content

Annual (EJ/a)

40 000 e
2 - 3
300 f

0.2 - 1
1 - 20 h

Reference

15,38-40
15,40
41-43
10,15,38,40
44-48
11-13
11-13
49,50
51
16,17,21,52
21
53,54
51,55-62

f

s

Of which some 85% is hard coal (bituminous + anthracite) and 15%
brown coal (subbituminous + lignite).

Total estimated resource-in-place. Includes Athabasca, Peace
River, Buffalo Head, Wabasca, Cold Lake and Lloydminster deposits.

Assuming 6.7% of the world's mineral resources in Canada (6.72 of
the world's land mass). Fission based on uranium and thorium
resources used in breeder reactors; fusion based on lithium
resources.

Lower number includes large deposits only; higher number includes
small deposits.

Taking total insolation over the whole of Canada's land mass.
(Equivalent to an annual average of 'x- 120 W/m2). If 1% of the land
could be used for solar receptors, this would give 400 EJ/a.

Total wind power giving an electrical output of 75 EJ/a at 25%
conversion.

Total heat resource-in-place in Western Sedimentary basins, using a
base minimum temperature of 50°C. This figure would be much higher
if the standard minimum of 15°C were used (see Reference 50).

Total energy content of all carbon fixed in Canada by photosynthesis
is estimated at *> 100 EJ/a (Reference 61).
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current energy needs for about 350 years, as could some of th<5 other

energy forms. However, conventional oil could only meet our current

total energy requirements for up to 35 years. If we were to continue

using oil at our current rate while reducing our dependence on foreign

supplies, then unconventional oil from the tar sands and heavy oil

deposits would have to be recovered. The potential of nuclear power is

vast, sufficient to meet the energy needs of our current society for

thousands of years if we use efficient fuel cycles with recycling of the

fuel. Unconventional renewable resources such as wind, tides and bio-

mass could make important contributions to Canada's current energy needs

if a significant fraction of the total resource could be economically

exploited. On the basis of its resources, therefore, Canada appears to

be in a fortunate position with regard to en,ergy.

3.2 RESERVES

3.2.1 Non-renewable Energy Sources

A look at Canada's energy reserves puts the situation in a

more realistic perspective. Table 6 shows the proven and estimated

additional reserves of non-renewable energy sources, and Table 7 the

number of years that each non-renewable energy source could supply

Canada's current total energy requirements. The numbers in Table 7 are

hypothetical, since they ignore end use suitability, but they provide a

useful comparison and perspective. The largest proven fossil fuel

reserves are of coal, but these could only meet the energy needs of our

current society for 17-30 years. Oil and natural gas together could

meet our current requirements for only 9-16 years, although tar sands

oil would more than double this figure, based on surface mining alone.

The total reserves (proven plus estimated additional) improve the situ-

ation somewhat, but in the case of oil, do not provide a long-term

solution. It is clear that our oil reserves will not permit us to

eliminate our dependency on foreign oil by simply increasing the

supply of domestic conventional oil. Nor is a switch from oil to gas a



TABLE 6

CANADA'S NON-RENEWABLE ENERGY RESERVES

Resource

Oil

Natural Gas
Coal
Tar Sands

Cold Lake Oil
Lloydminster Heavy
Oil
Nuclear Fission
Nuclear Fusion

Proven

(Energy Content,

30 -

55 -
155 -
160 -

140 •

- 55

- 90
- 275
- 180

- 11 000
?

EJ)

b

d

Reference

15,16,18,20,
38-40,63-65
15,16,18,32
10,41,45,63
10,15,18,39,40
45,46,48,63

66

Estimated Additional

(Energy Content

20 -

50 -
200 -
240 -

90 -
9 -

240 •

130

• 280

- 600
- 1000

- 200
- 27

- 20 000

, EJ)

a

c

e

e
f

g,h

•n

K

15

16
45
10
48
15
15

66

sre

,16

,32
,63
,15
,63
,45
,45

retice

,39,40

,40,45

,18,46

,46,48
,46,48

,63

t

,63
,63

a One estimate includes frontier oil (Reference 63).

b Conventional reserves.

c Includes frontier gas.

d Recoverable upgraded (surface mining).

e Recoverable upgraded (in situ).

f Recoverable upgraded.

g Proven reserves are taken to be the sum of measured and indicated reserves, and estimated additional as
the sum of inferred and prognosticated reserves, as defined by Energy, Mines and Resources Canada.

h Lower limit based on the thermal energy from a CANDU reactor with a natural uranium once-through fuel
cycle. Upper limit based on a breeder fuel cycle. Thorium reserves, if as abundant as uranium reserves,
could increase the lower limit by a factor of 4 and the upper limit by a factor of 2 (see References 67
to 69).
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TABLE 7

CANADA'S NON-RENEWABLE ENERGY RESERVES

(Years Supply as Multiple of 1979 Total Canadian Primary
Energy Consumption)

Resource

Oil

Natural Gas

Coal

Tar Sands Oil

Cold Lake Oil

Lloydminster
Heavy Oil

Uranium

Proven

(Years Supply)a

3 - 6

6 - 10

17 - 30

18 - 20

1 5 - 1 200 b

Estimated
Additional

(Years Supply)a

2 - 15

6 - 31

22 - 66

26 - 110

10 - 22

1 - 3

2 6 - 2 000 b

Approximate.

Lower figure based on the thermal energy from a CANDU once-through
fuel cycle. Higher figure based on a breeder fuel cycle. Thorium
reserves, if as abundant as uranium reserves, could increase the
lower limit by a factor of 4 and the upper limit by a factor of 2.



- 15 -

long-term solution, in view of our limited conventional natural gas

reserves. The most abundant reserves are of coal, tar sands oil and

nuclear power. Coal and tar sands oil have estimated total reserves

which could meet the energy needs of our current society for up to 100

years. By comparison, nuclear power has enormous potential. The reserves

of uranium, used in a CANDU reactor with a conventional once-through

fuel cycle, would produce about the same amount of thermal energy as

coal or tar sands reserves. The nuclear contribution could be increased

by a factor of four if we use our thorium reserves in a thorium fuel

cycle^ . If the uranium were used in a breeder cycle and/or the

thorium in a self-sufficient cycle^ , then the potential of nuclear

power is at least 50 times greater than with a conventional once-through

cycle. Use of the more efficient fuel cycles would also permit economic

exploitation of lower grade ores. Thus, by using more efficient fuel

cycles, nuclear power could supply a major fraction of our energy require-

ments for up to thousands of years.

3.2.2 Renewable Energy Sources

In assessing the potential of renewable resources, the defi-

nition of proven and estimated additional reserves cannot easily be

applied. We have therefore considered the current contributions of each

renewable resource to Canada's total energy consumption, and estimates

of their potential for the future. These are shown in Table 8.

Canada is fortunate in having a large usable hydro reserve

which provided almost 70% of the electricity consumed in 1979. The

total capacity could double in the next 20 years, by which time hydro

generating capacity will be approaching the limit of its estimated

resource potential. Resources of geothermal, wind and, to a lesser

extent, tidal are large yet they make a negligible contribution to

today's energy consumption and are not expected to expand greatly in the

near future. Wood now contributes about 3% of Canada's total primary

energy, mainly in the forestry industry. The potential exists to double



TABLE 8

CANADA'S RENEWABLE ENERGY SOURCES

Resource

Hydro
Wind

Tidal
Geothermal
Wood
Agricultural Biomass

Solar

Current Contribution8

(EJ/a)

0.85 b

0.3 g

Reference

70

10,57,61

Est.

0.

0.

0.

Add. Potential8

<EJ/a)

5 - 1.2
0.5
0.1
0.005

5 - 2.0
0.5

3 - 1.0

c
d
e
f
h
i
j

Reference

21,52,63
71
21,54,72

49
57,60-63
61,62
17,31

At end use. For hydro, wind, tidal and geothermal sources it is the estimated electrical
energy production from existing or projected installed generating capacity using an energy
equivalent of 3600 kJ/kWh. For solar, wood and agricultural biomass, it is the maximum end use
energy, assuming no conversion losses. The actual energy contribution might be significantly
less, depending on the final form at end use.

Electrical energy produced in 1978 from an installed capacity of 42.374 GW.

Estimated electrical energy from 25 - 60 GW generating capacity. The lower value is to 1990

and the upper value unspecified.

Estimated electrical energy from 60 000 MW generating capacity.

Estimated electrical e.iergy from 6435 MW generating capacity.

Estimated electrical energy from 2100 MW electrical generating capacity by the year 2020.

Current contribution to Canada's energy supply. Total wood harvest for all purposes is 1 EJ/a.
Total wood productivity is estimated at ^ 8 EJ/a.

From a gross energy content of 2 - 3 EJ/a, depending on secondary energy form. This nay be
achievable by 2010 (Reference 60).

From crop residues and animal wastes. Approximately 1.5 EJ/a agricultural biomass is produced

for food and feed (Reference 61).

Lower figure by the year 2000 and higher figure by the year 2025, assuming half the estimated

renewable contribution is solar.
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this in the forestry industry alone, by replacing oil and gas with mill

residues, bark and other wastes ' ' . Two further longer-term

levels of exploitation of wood have been identified ' ' '. The

first involves harvesting of non-commercial species and of branches and

other wastes currently left in the forest and this could contribute

^0.5 EJ/a. The second involves energy plantations and could produce up

to ̂  2 EJ/'a. In addition to wood, agricultural biomass, such as crop

residues, could contribute ^ 0.5 EJ/a ' . Finally, solar energy is

a vast resource which is considered by some to be the solution to Canada's

and the world's energy problems. Yet its current contribution to Canada's

primary energy is insignificant and recent comprehensive analyses of
(\7 20 24 31)

Canada's future energy needsv * ' ' ' predict that it is likely to

supply only 2-3% of Canada's primary energy by the year 2000 and 5% by

2025. This is much smaller than that advocated by renewable energy

proponents ' . We shall see later why some of the resources which

may have immense long-term potential will not make as big a contribution

in the near future as the resource availability would suggest.

Summarizing Canada's resource picture, therefore, the main

concern is the limited reserves of conventional oil and gas and the need

to begin replacing these with other indigenous fuels, as Canada seeks to

fulfill the potential goal of energy self-reliance. Consideration of

our proven and inferred reserves shows several available options, all of

which must be evaluated. Frontier oil and gas and oil from the tar

sands have the potential to meet domestic liquid fuel requirements for

many years. Liquid fuels may also be produced from coal and biomass.

Hydro will continue to be a major source of electricity but future

potential is limited. However our coal and nuclear reserves are suffi-

cient to allow them to assume increasing importance in electricity

generation. If improved fuel cycles are used, nuclear power has vast

potential for thermal or electric power production. The contribution of

renewable energy sources (other than hydro) is uncertain. While the

resources of most renewables are very large, only biomass, solar and,

possibly, wind energy are considered likely to play significant roles in
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Canada's energy scene for the remainder of this century. This is

because factors other than resource potential are important in deciding

which options to pursue. No single energy source can supply all our

needs in the most efficient or practical manner, and Canada's wide range

of resources will allow us to meet demand with the most viable combina-

tion of energy options. The optimum combination will be established

only by a balanced consideration of supply and demand, end uses, tech-

nical feasibility, economic viability, conservation, environmental

effects, population changes and social and political considerations.

4. END USES - THE OPTIONS

We have seen that, from a resource standpoint, Canada has a

range of options by which it could fulfill its future energy needs.

However, this does not mean that all these options are equally good,

since each energy source has constraints or limitations which are not

associated with resource availability. In this section, we shall con-

sider the end uses in Canada today and in the near future, in order to

get a clearer picture of which alternatives are most likely to match our

projected requirements.

The four end uses are (1) space heating and hot water,

(2) industrial applications, (3) transportation and (4) miscellaneous

applications. Whilst the distribution of energy among these end uses

may change somewhat in the next 20 years, up to twice as much energy may

be required in some categories by the year 2000, We will now address

ourselves to the question "What alternatives are likely to fill the

increased requirement in each category?", keeping in mind the need to

replace conventional oil.
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4.1 SPACE HEATING

About half of the secondary energy consumed in Canada in 1969

had an end use as heat • ' . Of this, over 50% was used at tempera-

tures below 100°C and projections to the year 2000 showed no likelihood

of a significant change in this. Much of this low grade heat is used

for space heating, which accounts for some 25% of Canada's total sec-

ondary energy utilization. Since most of this arises from oil and gas

heating of residential, commercial and industrial buildings, it is a

prime target for conservation and substitution. Improved insulation,

better building codes, more efficient furnaces.etc., are already making

an impact in conservation in buildings. These conservation measures

have been implemented partly because of cost savings, and this appears

to be a practical incentive for consumers to conserve energy. However,

once the initial cost-effective conservation measures have been imple-

mented, energy requirements for space heating will continue to rise, as

the population increases and as commerce and industry expand.

The approximate costs of alternative methods of space heating

are shown in Table 9. Oil is the most widely used fuel for space

heating because of its convenience and relatively low cost. However,

the recent dramatic increases in oil prices have resulted in it losing

much of its price advantage, as Table 9 shows. This will encourage its

replacement by alternative fuels. Excluding wood (see later), natural

gas is the most economic means of space heating and its use is likely to

increase where the distribution infrastructure already exists. Adding

further to the infrastructure is costly and will be justified only if

the market supports it. However, if the price of natural gas in Canada

continues to be tied to that of oil, the cost may rise substantially in

the near future, thus acting as a deterrent to wider expansion of the

natural gas infrastructure. Looking into the next century, new reserves

must be found or frontier gas recovered in order for natural gas to play

a significant role in the replacement of oil for space heating beyond

the year 2000.
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TABLE 9

ESTIMATED COSTS OF SPACE HEATING (1979)"

Source Total Cost (S/GJ) Fuel Cost (S/GJ)C

Oil (domestic)
Oil (international)
Tar Sands Oil
Natural Gas
[Electrical (resistance)
{District Heating (nuclear
[thermal)
District Heating (nuclear
jthermal/electric)
District Heating (nuclear
thermal/heat pump)
Heat pump
Wood
Solar

9.70 - 10.20 d,e
12.10-12.80 d,f
12.10 - 12.80 d,g
8.00 - 8.30 d,h

11.85 i,j
(7.10 - 12.90) k,l

(5.90 - 11.70) k,l

(9.50 - 15.50) k,l

10.50 - 12.50 l,m
10.50 - 11.35 n,o
> 15.00 p

6.W
9.00
9.00
4.50

5.90 -
8.30 -
8.30 -
4.20 -

8.35
(5.60 - 11.40)

(4.40 - 10.10)

(8.00 - 14.00)

9.00 - 11.00
7.50 - 8.3r>

a Approximate 1979 costs in $(1979) to the consumer In Ontario or similar, assuming a
requirement of 90 GJ/a. Where the costs changed substantially over the year, figures
representative of the latter half of the year have been used. However, costs will
still vary in different locations. 1978 figures arc updated assuming 10J, inflation,
where necessary.

b Total unit energy cost, including homeowner capital cost for furnace and/or internal
distribution system.

c Delivered, i.e. Includes transportation and distribution costs.

d Includes homeowner capital costs of $2000 amortized ovor 15 years at 12Z interest and
maintenance costs of $50 per annum.

e Assumes crude oil at $14.50 per barrel, a delivered oil price of 67c per gallon and
a utilization efficiency of 60 - 65%.

f Assumes crude oil at $24.00 per barrel, a delivered oil price of $0.94 per gallon and
a utilization efficiency of 60 - 65%.

g Assumes crude oil at $24.00 per barrel, a delivered oil price of $0.94 per gallon and
a utilization efficiency of 60 - 65%.

h Assumes natural gas at $3.30 per thousand cubic ft. delivered' and a utilization
efficiency of 70 - 75%.

i Assumes cost to consumer of 3C per kWh and a utilization efficiency of close to 100%.

j Includes homeowner capital cost of $2000 amortized over 20 years at 12/J interest, and
maintenance costs of $50 per annum.

k From Reference 75. Figures are in parentheses because they represent the 1975 estirmites
of the rates necessary in 1979 to cover the original investment, excluding mark-up
for profits.

1 Includes additional capital cost to consumer of $1000, amortized over 20 years at
12% interest for internal distribution system.

m From Reference 62.

n Fuel cost based on $90 - 100 per dry tonne (delivered) at 20 CJ per tonne and a
furnace efficiency of 60%.

o Includes homeowner capital costs of $1500 amortized over 15 years at 12'/. interest,
and maintenance costs of $50 per annum.

p Based on a minimum cost of $5000 for a 25 m2 active collector system (installed)
amortized over 20 years at 12%. (see References 76 and 77). This will provide i/ 50%
of the total space heating requirements but does not include the cost of an auxiliary
heating system. Reference 62 estimates costs of $9 - 17/GJ, but the lower figure
appears unrealistic. A recent study (Reference 24) estimates that a 50 m2 system,
costing $15 000, would be required to provide 50% of the space heat and hot water in
a Canadian home. The costs for this system would be > $20/GJ.
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In the past, electrical space heating has beer, relatively

expensive compared with oil heating, but with rising costs of oil, there

has been a recent increase in the use of electricity for house heating,

particularly in new homes^ ' . This trend will probably continue to

accelerate in the future, since future supplies of electricity should be

plentiful and electricity is already cost competitive with oil

heating, at oil prices of $24.00 per barrel or more (Table 9). Electric

space heating will probably expand in those provinces, which lack large

indigenous oil and gas resources, but which have a large supply of

nuclear or hydro electricity. Since the cost of nuclear and hydro

electricity from existing stations is protected against escalation of

fuel prices (see Section 5 ) , electric space heating will become rela-

tively cheaper in the future, compared to oil and gas heating.

Electric space heating can be made even more economic by the

use of a hybrid system, in which both electricity and a storable energy

source would be used. Two operational alternatives have been sug-
(24}

gestedv . The first has fixed dedicated capacity, whereby electricity

would provide baseload heat throughout the year and the consumer's

backup heat source would augment this on demand. This system would

minimize the need for idle standby reserve at the electrical utility

since space heating load could be remotely disconnected to make up

temporary loss of other capacity and reconnected when the lost capacity

is restored. In the meantime, the backup source would provide all the

heat. The alternative is similar but has no fixed dedicated capacity,

the electricity being allocated to heating only when it is not required

for other uses. Widespread adoption of this system would raise both the

load and capacity factors substantially. It would be most valuable for

heating suburban and low density housing where district heating is not

economical. To serve the increased load, which would be mostly base

load, the most suitable generating plant would be one of high availa-

bility and low fuel costs, such as nuclear power.



- 22 -

District heating, which involves distribution of heat from a

central source for space heating and hot water, is well-established in

Europe but has been neglected in North America, where an abundance of

cheap fossil fuel has established a tradition of individually heated

buildings. A U.S. study y shows it to be theoretically economic for

large urban centers, particularly in northern locations. An AECL study

compares the costs of district heating systems, where the energy is

supplied by a CANDU nuclear reactor, with those of conventional elec-

trical resistance heating . Ihe results are shown in Table 9.

Despite the higher capital cost and poorer fuel utilization, the com-

bined thermal-electric plant shows a slight economic advantage over the

thermal-only system because of the high load factor. The combined

thermal-heat pump system (which can supply heat or air conditioning) is

the most expensive, but further development may make it and other heat

pump systems attractive in regions where the climate is not severe.
(75) (80—8*})

The above ' and other studies show that heat supplied by a

CANDU reactor can be economically attractive under certain conditions.

Coal could also provide a significant proportion of space heating
(24)

through district heating . However, the competitive position of

district heating depends on the cost of the hot water distribution

system, which would involve significant capital outlay. Replacement of

established individual heating units is probably uneconomical, but

district heating systems, using either nuclear or coal-fired stations,

may be considered for new industrial and housing complexes where the

load is large and concentrated near the source.

Much optimism has been voiced on the use of both active and

passive solar systems for space heating and provision of domestic hot

water. The simplest passive systems are cheap, but they have limita-

tions, particularly in colder climates, since they depend on direct

heating of the living space by solar radiation and have very short-term

storage (typically 2 to 8 hours). A longer-term storage system adds to

the usefulness of passive solar systems but also to the cost. Active

solar systems, which collect solar radiation in receptors which then
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heat a fluid medium, are the most costly. The potential of solar energy

is such that implementation of solar energy technology in Canada has

been recommended, with government playing an important role in its

implementation ' . Cost comparisons are tenuous and lead to widely

differing conclusions. For example, a comparison for Toronto in 1976

concluded that solar heating approached competitiveness with electri-

city , and an earlier study was equally optimistic regarding
(24)

solar heating. However, a more recent assessment estimates that

capital costs must be reduced by a factor of two to make solar heating

economically attractive. Critical in all these assessments is the

estimated cost of mass-produced solar panels and the lifetimes of the

components. Flat plate collectors now cost ^ $100/m and a total

installed active solar system $150 -500/m2, i.e. $2500 - 8000/kW(th)(76>77).

However, an accurate assessment of lifetime costs will ultimately depend

on actual experience. In addition many solar systems will not provide

100% space heating and hot water in the Canadian climate, i.e., a backup

system is required. Overall, therefore, it does not appear likely that

solar energy will provide a major fraction of our space heating in the

near term because of the cost (Table 9). If this were reduced by a

factor of 2, or if the cost of other heating fuels increased dramati-

cally, its contribution could increase substantially, particularly in

new houses' ', At present, however, the contribution of solar is not

expected to be more than a few percent by the year 2000 '

Another possible contributor to space heating in Canada is

wood. Direct burning is the most energy-efficient utilization of

wood and it was used to heat a third of all Canadian homes in 1950.

Today it heats less than 2%, although some homeowners are reverting to

wood furnaces for supplementary home heating where a cheap wood supply

is available. Wood burning could make a significant contribution to the

heating of rural dwellings. However a large contribution to total space

heating requirements, particularly for the majority of urban dwellers,

does not appear either practical, economical, or necessarily advisable,

considering the quantities of gasoline which would be used in cutting



- 24 -

and hauling on a large scale ' and the pollution which would result

from large numbers of individual wood-burning stoves.

In summary, the most likely replacements for oil in space

heating are natural gas and electricity. Natural gas is currently the

cheapest conventional heating fuel if the necessary infrastructure is in

place, but its future price will depend on the relationship with the

price of oil and on its availability. Electricity is already cheaper

than oil at the international price and will soon be as cheap as oil at

the Canadian market price. Its advantages over natural gas are its vast

resource base and the existence of a wide distribution system. Wood and

passive solar systems may expand as supplementary heat sources, but

active solar heating will only play a significant role if the costs are

reduced relative to other energy sources.

4.2 INDUSTRY

Industrial use (including the energy supply industries)

accounts for some 40% of Canada's total primary energy demand. Much of

this energy is for low-grade heat, used in the form of low-pressure

steam. Non-electrical energy in industry has been provided, in the

main, by oil and natural gas, the cheap and abundant energy sources of

the past twenty five years. Natural gas will probably continue to be

important in the near term but replacements for oil must be sought. The

industrial sector is expected to increase its proportion of total

energy use since the energy supply industry will require larger quanti-

ties of energy to recover low grade or remote energy sources, such as

tar sands and frontier gas and oil.

The approximate costs of providing industrial fuel are shown

in Table 10. One alternative to oil and natural gas for future indus-

trial needs is coal, either used directly or after conversion to syn-

thetic liquid or gaseous fuels. When used directly, its economic

attractiveness diminishes with distance from the source because of the
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TABLE 10

ESTIMATED COSTS OF INDUSTRIAL FUEL (1979)a

Source

Oil (Domestic)
Oil (International)
Tar Sands Oil
Coal
Natural Gas
Wood
Electricity
Nuclear Steam
Nuclear Steam

Cost ($/GJ)

3.00 - 3.90
5.00 - 5.90
5.00 - 5.90
2.20 - 2.50
2.60 - 2.75
(1.10 - 2.20)

(5.50)
2.10
2.90

Notes

b,c
c,d
c,e
c,f
c,g
h
i
j.k

a Approximate 1979 costs in Ontario in $(1979). Where the costs
changed substantially over the year, figures representative of the
latter half of the year have been used. However, costs will still
vary in different locations. Does not include cost to industry of
capital facilities (e.g.,boilers) to make use of the fuel.

b Assumes crude oil at $14.50 per barrel and fuel oil at 45-55 C per
gallon delivered.

c Assumes a utilization efficiency of 80-85%.

d Assumes crude oil at $24.00 per barrel,

e Assumes crude oil at $24.00 per barrel.

f Assumes $50-55 per ton for coal delivered from Alberta to Ontario.
Since the delivery cost is $20-25 per ton, coal would be signifi-
cantly cheaper in Alberta.

3
g Assuming $2.30 per 1000 ft delivered from Alberta to Ontario.

Since the delivery cost is •>» 65 C per 1000 ft , natural gas would
be significantly cheaper in Alberta.

h Costs are in parentheses since they are for wood waste produced and
used by the forestry industry (References 62 and 87). The cost
could be significantly higher for wood used in other industries.

i Assuming 2<? per kWh at close to 100% efficiency of utilization.
The cost is in parentheses because it overestimates the total cost
of using electricity compared with other fuels. Electricity can be
used without the additional capital costs required by other fuels.
These capital costs must be added to the costs of other fuels in
order to make a realistic comparison.

j At the boundary of the Bruce Nuclear Development site. It does not
include the cost of transportation to the adjacent industry (Ref-
erence 91).

k Based on the replacement of curtailed electricity by nuclear only.

1 Based on the replacement of curtailed electricity by the system
average (coal plus nuclear).
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large transportation costs involved. The future cost of coal will also

be affected by land use and reclamation and more stringent pollution

regulations. To reduce the toxic emissions by conventional techniques

is expensive ' but new technologies , such as fluidized-bed com-

bustion, may assist in reducing emission problems associated with

sulphur oxides more cheaply. However, fluidized-bed combustion would

still leave us with vast quantities of waste to be disposed of, which

would add to the cost.

An alternative to coal or oil (and possibly natural gas in the

near future) is nuclear steam, when used in large blocks of 100 000 -

200 000 kg/hv . The total 1980 cost for nuclear steam delivered to

the boundary of the Bruce Nuclear Generating Station may be estimated at

*\- $2.20-4.30/GJ, depending on whether nuclear energy or coal is used

when calculating the replacement cost of the curtailed electricity. The

average cost, based on a system average (coal plus nuclear), is $3.05/GJ.

This is cheaper than either coal or oil-fired steam at Ontario Hydro,

though actual costs vary in different industries.

Nuclear steam appears to be an attractive alternative for

industries requiring large quantities of steam and this has led to the

suggestion of an industrial park in conjunction with a nuclear gener-

(91)
ating station . The concept of cogeneration, i.e., the production of

electricity and heat simultaneously, has been advocated for some years

(see e.g., Reference 92) and it is likely to receive increasing attention

in the future. The Bruce Nuclear Generating Station is an excellent

example of co-generation since it produces electricity for the grid and

heat for all the process steam at the adjacent Bruce Heavy Water Plant.

The use of wood or wood wastes for process steam production

has received attention lately and some governmental funding has been

allocated to its development. Wood wastes are already used to provide

process steam and electricity in some forestry operations to the extent

of about 3% of Canada's primary energy consumption, and it is estimated
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that this could double in the next 20 years * ' '. The extent of

large-scale biomass use in other industries is uncertain, but lack of

widespread applications and the probable cost of harvesting trees for

energy alone appear to obviate any large contribution outside the

forestry industry, at least in the near future^ ' .

Although industrial use of energy will probably increase

steadily, some moderation in rate will occur due to increased effici-

ency. Industry is continually searching for energy-saving measures in

order to reduce the cost of goods and hence retain its competitiveness.

The energy supply sector of industry has been slowly increasing its

proportion of secondary energy consumption and here, as in industry in

general, more efficient use and less wastage of energy is possible.

Much of the primary energy used ends up as waste low-grade heat, the

generation of electricity being an example. This low-grade heat is a
(93)

large and potentially important resource and several studies have
been carried out on the utilization of waste heat from nuclear gener-

mme
(93-99)

ating stations . The potential uses for low-grade heat are "numer-

ous, for example, space heating, vegetable growing and fish farming

To summarize, natural gas will continue to be important in

industry during the next 20 years. Alternative fuels which could

replace oil are coal and electricity, the relative costs of which

depend largely on the location of the industry. Co-generation of heat

and electricity could be advantageous in new industrial complexes.

4.3 TRANSPORTATION

The transportation sector consumes almost 25% of Canada's

secondary energy. Its growth rate has been similar to that of total

energy consumption and it is expected to retain its importance in the

future. Being almost entirely dependent on petroleum products, it

accounts for over 40% of Canada's oil consumption. In terms of reducing

the demand for oil, therefore, it is a key area, but it is also one
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where no large-scale alternatives exist now. Conservation is having

some impact since 80% of our transportation energy consumption is in

road transport where more fuel-economic cars, in particular, are leading

to more efficient use of oil.

Because of the lack of replacement fuels for transportation,

an increase in conventional and unconventional petroleum products will

be necessary. The latter comprise mainly oil from the tar sands, heavy

oil deposits and frontier oil and gas. The tar sands currently offer

the most potential because of the vast resource base (Tables 5 to 7).

With the rapidly increasing price of imported oil, increased recovery of

oil from the tar sands is not only necessary but now economically viable.

About 5% is recoverable by strip-mining techniques at a price which is

competitive with internationally priced oil (Table 11). The cost of

recovering deeper deposits by in situ methods is not known since the

technology is not yet fully developed.

Various liquid fuels may be produced from biomass, but the

conversion processes can differ substantially in terms of cost and
(Rfi 1021

energy efficiency ' . Methanol can be made from a variety of

feedstocks, such as coal, natural gas and forest biomass. Although some

studies pose questions about the conversion of wood to methanol, because

of the cost and other factors(51'57'62»86'100'101), it could replace or

augment dwindling oil supplies ' ' ' ' . Compared with gasoline,

methanol has about half the energy per unit volume, though with a higher

octane rating. Mixtures with gasoline or diesel fuel could be promising.

Ethanol, which has a higher energy density and can be produced by fermen-

tation of several primary biomass sources could also replace some gasoline.

Further studies and demonstrations are warranted because alcohols are

flexible high energy fuels produced from renewable resources. Ethanol

from sugar cane (which gives a net energy gain) is a major part of a

national program to replace oil for transportation in Brazil. In Canada,

grain or corn would give a smaller net energy gain and it could compete

with food production. With the availability of tar sands oil and forest
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TABLE 11

ESTIMATED COSTS OF TRANSPORTATION ENERGY (1979)a

Source

Oil (domestic)
Oil (international)
Oil (tar sands)
Methanol (wood)
Methanol (natural gas)
Methanol (coal)
Ethanol (biomass)
Gasoline (coal)
Hydrogen (natural gas)
Hydrogen (electricity)

Cost ($/GJ)

3.50 - A.10
5.00 - 5.60
A.00 - 5.60

8 - 1 2
5 - 8
6 - 1 0
9-11
5 - 7
5 - 6
8 - 1 0

Notes

b
c
d
e,g
f,g
f.g
g,h
i
g.j
g.k

a. Approximate 1979 costs in $(1979), excluding federal and provin-
cial taxes and distribution costs. Where the costs changed sub-
stantially over the year, figures representative of the latter half
of the year have been used. However costs will still vary in
different locations.

b. Crude oil taken to be $14.50 per barrel and gasoline $0.55-0.65
per gallon.

c. Assuming crude oil at $24.00 per barrel.

d. Upper estimate assumes crude oil at $24.00 per barrel. Lower
estimate (from Reference 100) may be optimistic.

e. Based on References 24, 62, 86 and 100.

f. Based on References 24 and 100.

g. Does not include costs involved in adapting transportation system,

h. Based on References 62 and 100.

i. Based on References 14, 24 and 100.

j. Based on Reference 100.

k. Lower estimate based on Reference 100.
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biomass, therefore, ethanol from agricultural biomass will probably be

confined to small-scale production from wastes.

Substitution of electricity for liquid fuels is being con-

sidered in some areas of transportation . Those areas which deserve

and are receiving attention are rail electrification, electric cars and

urban mass transport systems. Electrification of all Canada's railway

lines would be expensive and not justified, particularly as rail trans-

port consumes only ^ 5% of all transportation energy. However, it may

be justifiable in mountainous and high-density traffic regions or if the

amount of commercial rail transport increased. Road transportation

consumes ̂  80% of all transportation energy and thus is an area where

substitution should be explored. Canada's climate and vast distances

are not conducive to the use of electric automobiles for long distance

travel but they could be suitable for commuter travel in the future.

Alternatively, electrified urban mass transport systems would conserve

oil and reduce traffic congestion in major cities. Adoption of elec-

trical alternatives would require a large capital outlay, but could lead

to advantages for Canadian industry if either system was widely adopted

following development in Canada.

Finally, hydrogen is a fuel which has received increasing

attention over the past decade^ ~ '. Hydrogen is not a primary

energy source but it is, nevertheless, an attractive fuel for three main

reasons. Firstly, it is a portable fuel of high energy density per unit

mass. Secondly, it can be stored indefinitely. Finally, it can be

obtained from water and, when burned to produce energy, it re-forms

•,?ater. Non-portable nuclear energy may be converted to portable hydro-

gen by the electrolysis of water. The economics of this conversion

depend on the use of off-peak electricity ' and conversion of

hydrogen is one method of storing off-peak electricity. In 1973, an

AECL study predicted little or no demand for hydrogen as a fuel or

industrial feedstock because oil and gas were so cheap. This situation

is changing and future use of hydrogen may depend on its competitiveness

with synthetic fuels from coal or the tar sands.
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In summary, since no large-scale alternatives currently exist,

frontier and tar sands oil will be essential for future transportation

needs. However, continued research and development into other liquid

fuels, such as alcohols, electricity for urban transportation and,

possibly, hydrogen may yield long-term benefits.

4.4 MISCELLANEOUS

In addition to the three main end uses described above, there

are numerous other applications of the various energy forms. Many of

these applications involve the use of electricity, e.g., for hot water,

lighting, domestic appliances, and pumps and motors. Electricity is a

clean, convenient and versatile energy form with no pollution at the

point of end use. Because electricity is produced from several primary

energy forms, we will consider current and future electricity production

from different sources in the next section.

5. ELECTRICITY

Electricity is important because of its diverse domestic,

commercial and industrial applications. In 1979, some 35% of Canada's

primary energy was used to produce electricity (corresponding to about

15% secondary energy consumption). About 70% of this electricity was

produced by hydro power, about 9% by nuclear power and the rest by

fossil fuels ' . Most of the fossil fuel was coal, but in the

Maritimes a significant portion of the electricity was generated by oil,

at high cost. Recent Canadian assessments ' ' conclude that

electricity will play an important part in the required substitution of

oil and gas. With electricity growth rates in the range 4-5%/a ' ' ,

its share of the total primary energy supply could be as high as 45-50%

by the year 2000. When the remaining economically feasible hydro sites

have been developed, increased electrical generating capacity will
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depend heavily on coal and nuclear power. The relative contributions'to

the total electrical capacity in 1975, and the potential capacity in a

possible future scenario of Cander and Belaire , are shown in Table 12.

These projections sound a clear warning on the need for immediate deci-

sions, because of the long lead times involved. For example, to achieve

the 67 GWe of nuclear capacity by the year 2000, assuming a lead time of

10 years, would require "v* 5000 MWe of new capacity (approximately our

total capacity today) to be brought on line each year between 1990 and

2000 in addition to those already committed. This would be an extremely

difficult task. Even the more modest projection of 45 GWe of nuclear

power by the year 2000 would still require ^ 3000 MWe of new capa-

city per year over the above 10-year period. This would be a signifi-

cant task, even if the decision to proceed were made today.

The approximate 1978 costs of electricity from various energy

sources are shown in Table 13. Hydro, coal and nuclear will clearly

continue to be the prime sources of electricity. Provinces which have

large economical hydro sites still to be developed will probably develop

them. A major economic factor in the choice between coal and nuclear

power for future supplies of electricity will be the proximity to coal

deposits. This may be seen by comparing the provinces of Ontario and

Alberta. Ontario now has over 5000 MWe of nuclear-electric generating

capacity, which provides some 30% of the province's total electricity.

Much of Ontario's future incremental capacity will be provided by nuclear

power because of its cost advantages . Costs of electricity produc-

tion from the 2000 MW nuclear station at Pickering have been consider-

ably smaller than from t>e comparable coal-fired station at Lambton ' ,

as the cost comparison for 1978 (Table 14) shows. In 1979 the Pickering

Station showed an even greater cost advantage ever the Lambton Station

When the two most recent stations, the Bruce Nuclear Generating Station

and the Nanticoke coal-fired generating station are compared, the theore-

tical cost differences, based on equal capacity factors, are not as

great, although the nuclear-produced electricity is still cheaper. In

practice, the actual cost advantage of the Bruce Station has been greater



TABLE 12

POSSIBLE CHANGES IN ELECTRICAL GENERATING CAPACITY IN CANADA BY SOURCE(17)

Hydro

Fossil a

Nuclear

Others b

TOTAL

GWe

37

20

3

-

60

1975

(%)

(62)

(34)

( 4)

( -)

GWe

69

61

67

13

210

2000

(%)

(33)

(29)

(32)

( 6)

GWe

72

69

99

35

275

2025

(%)

(26)

(25)

(36)

(13)

a Mainly coal, except 1975 includes oil and gas

b Mainly renewables

OJ

I
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TABLE 13

COMPARATIVE COSTS OF ELECTRICITY FROM VARIOUS SOURCES (1978)'

Source

Hydro (James Bay)
Nuclear (Bruce A)
Coal (Nanticoke)
Coal (near strip mine)
Oil (international)
Natural Gas
Solar Thermal Electric
Solar Photovoltaic
Solar Rankine
Wind
Tidal
Geothermal
Wood

Cost ($/GJ)

8.00
8.00
8.60
7.70
10.00
8.50

>30.00
275.00
>50.00
17 - 150

9.00 - 12.00
12.00 - 14.00
(6.00 - 8.00)

Notes

b
c
d
e
b
b
b
b
b
b
b
b
b

,f

>g
,h
,h
,h,i

a. Approximate 1978 costs in $(1978), including transmission and
delivery.

b. Estimated from Reference 62, assuming 10% inflation per year.

c. Estimated from Reference 115.

d. Ontario Hydro (personal communication).

e. Estimated from Reference 25.

f. Assuming oil at $16.00 per barrel. (NB_. This cost will increase
markedly with the rapidly escalating price of imported oil.)

g. Large machines $17 - 29, depending on transmission and distribution
costs (assumed to be 2.00 - 4.00/GJ). Small machines $20 - 150.

h. Transmission and distribution costs assumed to be $2.00 - 4.00/GJ.

i. Figures are in parentheses because they apply to electricity produced
by, and used in, the forestry industry. Electricity costs from a
utility could be considerably higher.



TABLE 14

1978 NUCLEAR AND THERMAL ELECTRICITY GENERATION COSTS (m$/kWh)

Capital

Operating and Maintenance

Fuelling

TOTAL

Pickering Ab

Nuclear
Station

5.83

3.05

1.34

10.22

Lambton0

Coal
Station

1.83

1.30

13.90

17.03

Bruce A
Nuclear
Station

11.74

3.16

1.97

16.87

Nanticoke
Coal

Station

4.05

1.22

13.87

19.14

b

c

d

e

At the busbar (does not include transmission and delivery costs). Based on

equivalent energy production.

Four units in service in 1973.

Four units in service in 1970.

Three units in service in 1978. Fourth unit in service in 1979.

Four units in service in 1978.
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than that shown in Table 14. Further, electricity from the Bruce Station

should become relatively cheaper as the plant reaches maturity with

higher capacity factors, as the interest and depreciation charges become

a smaller fraction of the total unit energy cost^ ' and, perhaps most

importantly, as the cost of coal escalates. The situation in Alberta is

different. Cost estimates indicate that coal-fired stations in Alberta

could produce electricity cheaper than a nuclear station in Ontario

(Table 13). However, the cost advantage of coal would not extend beyond

the first few years of the station's lifetime because of escalating fuel

costs . The difference in the cost of coal-fired generation in the

two provinces is due, almost entirely, to the cost of transporting the

coal. With nuclear energy, there would be little cost difference in the

two provinces because nuclear fuel transportation costs are low. To

some extent, therefore, nuclear electricity eliminates some regional

inequalities in energy costs.

When considering fuel costs, nuclear power has two advantages

over coal. Firstly, fuel costs are a small fraction of the total cost

of nuclear-generated electricity, which affords some protection against

escalating prices. Secondly, if the price of nuclear fuel were to

escalate rapidly, fuel recycling would eventually become economic. This

kind of protection against rapidly escalating fuel costs exists only for

nuclear energy.

An additional effect on the cost of future coal-fired stations
/no Qn\

will be the need to reduce the acid emissions ' . This is an

expensive undertaking with current technology but also a necessary one,

and the cost will depend to a large extent on the success of advanced

technologies, such as precombustion of sulphur by selective chemical

reaction or fluidized bed combustion ' ' . Even if the latter is

technically and economically successful, it will entail a voluminous

waste disposal problem.
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While coal and nuclear power should provide much of the incre-

mental supply of electricity, hydraulic power will probably continue to

provide the major portion of the total electricity generation. No other

technology is likely to make a significant impact on electrical supply

for the near future because it takes many years to develop and introduce

a new technology. Electricity generated by most unconventional tech-

nologies shows a considerable disadvantage today, compared with that

from established technologies. For example, in addition to the physical

and technological problems involved (e.g., Che vast land areas involved),

costs of both solar thermal electric ( 6 2 > 1 1 9 ) and windmills ( 2 4' 6 2' 1 2 0~ 1 2 2 )

would have to be reduced by a factor of 2 to 5, and solar photovoltaic

by a factor of ^ 50 ' ' before they are competitive with conven-

tionally produced electricity. Wood is a plentiful resource with poten-

tial for electricity production ' ' ' , particularly in the

forestry industry, where the cost of using waste wood is relatively low

(Table 13). However, the cost of wood-fired electricity for electrical

utilities is not accurately known. Tidal and geothermal resources may

have practical uses in local areas but will not contribute significantly

on a national scale ' ' . When considering most of these renewable

energy sources, it is somewhat paradoxical that they appear to be free

but, in fact, the cost of using them has prevented them from contrib-

uting on a large scale to our overall energy supply.

In summary, hydro will continue to provide the bulk of Canada's

electricity this century. Alternatives which will provide much of the

remaining electricity are coal and nuclear power. The relative costs of

these will depend on the proximity to coal deposits, but nuclear elec-

tricity is estimated to be cheaper in most provinces and, with the

escalating price of coal, it will become relatively cheaper in the

future.
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6. RISKS IN ENERGY PRODUCTION

A parameter which is becoming increasingly important when

considering options in energy production is the health and environmental

hazard involved. The need to compare health risks of alternative energy

sources is now being recognized by energy consumers, energy developers

and governments at all levels. Alternative energy sources are now being

assessed, not only on the basis of resource availability and cost, but

also on the health and environmental effects involved. Risk analysis

focusses attention on safety problems and environmental hazards, and

thus provides guidance on research needs and technological improvements

related to safety. Comparative risk analysis is one of the factors

which enable more rational assessments of energy alternatives to be

made. Overall, risk analysis should lead to improved health and safety

standards and cost-effective safety procedures in the energy producing

and consuming sectors.

No activity is free from risk. The risk associated with a

particular activity is normally defined as the product of the probability

or frequency of some undesirable event occurring and the consequences of

such an occurrence. Some risks are chronic, such as those associated

with the continuous release of toxic materials to the atmosphere. These

risks typically involve events of high frequency but low consequence.

Other risks are acute, for example, explosions, dam failures, sudden

large releases of toxic chemicals or radioactive substance, fires,

structural collapses and air crashes. These events typically have low

frequency of occurrence but the consequences may be large.

Personal risk is accepted as a normal aspect of our lives and

hypotheses have been suggested to explain the historically accepted
(124 125)

balances of risk and benefit ' . Nevertheless, there are many

difficulties in weighing different kinds of risks against one another,
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indeed, in evaluating the criteria for comparing social and environ-

mental costs of alternative energy technologies . One of the most

important of these is public perception of both risk and benefit, which

is an integral part of the philosophical basis of risk analysis^ ,

but one which is difficult to quantify. Here we shall concern ourselves

mainly with statistical analyses of health and environmental effects to

the public from different energy technologies.

Health risk can most easily be measured by considering morta-

lity rates and direct injuries. Even with such restrictions, difficul-

ties can arise if the consequence (i.e., death or injury) and the cause

of it are widely separated in time. Despite these difficulties, the

risks associated with various activities are receiving increasing

attention. Some authors have attempted to categorize risks involved in
(128—132}

various activities including energy production , but most of the

attention has focussed on the risks associated with the production of

energy from conventional energy sources

Energy production is essential, and the public must receive

adequate protection from its health hazards. In order to put these

health hazards in perspective, it is useful to compare the risks from

energy production with those from common everyday activities. For

example, it has been suggested that simple personal health practices can

have a marked effect on longevity*- . In a recent publication ,

Cohen and Lee have calculated the risks (in terms of the individual loss

of life expectancy from the particular activity) for a large number of

human activities, using statistics from a wide variety of sources. They

conclude that energy production is safer than many everyday activities,

whose health hazards are commonly accepted by the general public, e.g.,

smoking, driving a car or being overweight. The conclusions from this

comprehensive comparison are in general agreement with earlier conclu-
/ -I OQ^I O1 1 COX

sions from less comprehensive comparisonsv ' '. It should be

pointed out, however, that these comparisons do not take into account

whether the risk is voluntary or involuntary, i.e., whether individual



exposure to the risk depends on a personal decision or not. This is an

important parameter when comparing risks of different activities, though

one which is difficult to quantify. However, it does not have the same

importance when comparing risks of unit energy production from different

sources.

There have been many assessments of the relative risks associ-

ated with energy production from conventional sources. For example,

comparisons have been made of the health hazard associated with the

production of electricity by various means ( ] 3 3' 1 3 5' 1 3 7~ 1 4 0 > 1 5 3' 1 5 5 ).

Electricity produced by nuclear power or natural gas is generally esti-

mated to be safer than that from coal or oil. A comparative evaluation,

based on an American Medical Association evaluation^ , is shown in

Table 15. In terms of both fatalities and disabilities per unit energy

produced, most studies assess coal as the greatest hazard, followed by

oil, although the uncertainties of the estimations (maximum to minimum)

are often very large. Also, the health effects from the processing of

sour natural gas have usually been neglected. Air pollution from fossil

fuels is claimed to be the major contributor to death from energy
(129)

sources in the age range 1-74 . This is related primarily to

sulphur dioxide formation and hence depends on the sulphur content of

the fuel and the population density around the plant . However, it

should be pointed out that these conclusions are based on quantifiable

risks associated with current and past technologies. The relative

hazards associated with individual energy forms may change in the future

due to technological improvements and a more quantitative understanding

of the harmful mechanisms associated with energy cycles.

The realization of the importance of absolute and relative

risks from different energy sources has led energy analysts to begin

looking beyond conventional energy sources when assessing such risks.

Thus, in a recent study, Inhaber compares the risks of energy production

from both conventional and non-conventional sources^ ' '. However,

there has been some criticism of the study's content and conclusions
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TABLE 15

COMPARISON OF HEALTH EFFECTS OF ALTERNATIVE FUEL

CYCLES IN ELECTRICITY GENERATION8'b

Effect

Occupational deaths

Non-occupational deaths

Total deaths

Occupational Impairments

Coal

0.5-8

1.6-lllc

2.1-119

26-156

0

1

1

(Ml

.14-1.3

.0

.1

12

-100

-101

-94

Natural Gas

0.06-0.28

< 0.01 d

0.06-0.28

4-24

0

0

0

Nuclear

.03-0.

.01-0.

.04-1.

4-13

95

7e

1

Based ou the American Medical Association evaluation (Reference 135),

For electric power production per 1 GWe Station per year, assuming
an annual load factor of 0.75. This is equivalent to 0.02365 EJ/a.

The upper limit for non-occupational deaths listed by the AMA was
306. This has been reduced to 111 since a more realistic estimate
of deaths from air pollution appears to be "v 100/GWe rather than
295 quoted by the AMA (see References 133, 134, 140 and 144).

Based on sulphur-free natural gas. A more realistic estimate would
be 0-0.25, based on estimated sulphur oxide emission from sour gas
processing.

The upper limit given by the AMA was 0.16. This has been increased
to 0.7 to reflect the level of uncertainty in Reference 158 and
the further reassessments of References 160 to 162.
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Whereas Inhaber found natural gas and nuclear power to be much safer

than unconventional and other conventional fuels, a reassessment of

Inhaber's analysis by Holdren and co-workers shows that, while coal

and oil appear to present the highest risks, nuclear power is similar to

many unconventional energy sources. Complete resolution of these differ-

ences will require further studies and research, but some basic problems

must also be overcome. Firstly, the methodologies differ in different

studies. Inhaber's data are based on the total societal health

effects involved in all stages of energy production, including mining,

transportation, fabrication and construction,etc., whereas Holdren and

co-workers ' "~f have suggested that only the incremental effects

associated with new capital facilities at each of the different stages

be included. Secondly, estimates of risk for unconventional or future

technologies probably have a greater uncertainty because of a lack of

operating experience, which means that the contributions of individual

stages involved in the production can only be estimated. Thirdly, the

estimates of risk associated with rare events of potentially large

consequence, such as a reactor core meltdown, depend largely on theo-

retical analyses which have not been carried out for all technological

alternatives. Finally, technologies are being refined continuously and

the hazards associated with each energy form will therefore change with

time.

Despite the hazards involved with coal and other energy forms,

it is nuclear energy which has been the centre of most controversy,

probably because it is perceived as the only energy source which involves

radioactive substances and ionizing radiations. Humans are continuously

subject to the effects of ionizing radiation, receiving *v> 100 mrem per

year from natural background radiation alone. Nuclear power plants will

result in an increase in the radiation dose to mankind, but by an amount

which, on the average, will be much less than that received from natural

background radiation, medical X-rays,etc. ~ ' . The relative

magnitudes are illustrated in Figure 10. While the increased radiation

dose is assumed to increase the health hazard, it is clear that the
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effect will be small. Also, the type of risk, which involves cancer and

possible genetic defects, is not unique to nuclear energy, but occurs

with other energy forms such as coal, oil and wood, and many non-energy

related activities such as eating and smoking '

Public concern about nuclear power production centres mainly

on the possibility of a catastrophic accident involving a large release

of radioactivity. The Rasmussen report represents the most compre-

hensive attempt to determine the probability of various nuclear acci-

dents in the United States and their likely consequences in terms of

personal injuries and property damage. It concludes that while some

accidents could be very serious, e.g., a meltdown followed by a radio-

activity release, the probability of such an occurrence is orders of

magnitude less than the probability of other non-nuclear catastrophes

with a similar consequence. A critique of this report by the Union of

Concerned Scientists estimates much higher probabilities of a

serious accident and much higher fatalities, mainly due to higher esti-

mates of latent fatalities. The Ford-Mitre report estimates a

range of probabilities for a serious accident, the most pessimistic

limit of which exceeds the Rasmussen estimate by a factor of *v< 500.

However, they point out that the optimistic limit may be less than the

Rasmussen estimate, and that even the most pessimistic assessment is

within the range of estimated fatalities associated with coal-fired

stations. The review by Lewis and co-workers , while finding the

methodology in the Rasmussen report to be sound, also found the error

bands to be understated. Finally, a recent report by Schurr and co-

workers concludes that, for production of electricity, nuclear is

cheaper and safer than coal, even if Rasmussen's nuclear accident proba-

bilities are increased 100-fold.

In summary, of the conventional energy sources, the health

hazard associated with coal is the greatest, followed by oil, then

nuclear and natural gas. Hazards associated with future energy sources,

such as solar, have not been studied sufficiently to make accurate
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comparisons with conventional sources. Energy sources, in general,

appear to be safer than many everyday activities whose risks are com-

monly accepted. When considering safety, whether in energy production

or any other activity, it should be remembered that the health risk can

be reduced at a price. For each activity, the increased safety (in

terms of reduced mortality) per unit cost will vary. Thus, if we wish

to measure and make use of the cost effectiveness of safety measures or

regulations, we should balance the cost of the safety features against

the incremental improvements in safety, and concentrate on activities

where the greatest benefits will result for a given cost. This type of

cost-benefit analysis has been used recently^ »173» '*> in assessing

the health measures and requirements in nuclear, coal and non-energy

related activities. On the basis of these analyses, there appear to be

inconsistencies in the cost effectiveness of health and safety policies

in the nuclear industry compared with other energy and non-energy

fields. For example, nuclear regulatory policy requires greater invest-

ment to reduce the risk of public mortality than is required in non-

nuclear areas, where reduced mortality rates could be achieved at lower

cost • . This kind of analysis should prove to be extremely

valuable when assessing cost effectiveness of any safety or health

practices, and it is one which will probably receive increasing atten-

tion in the future.

7. SUPPLYING CANADA'S FUTURE ENERGY NEEDS

On the energy scene, two topics will dominate Canada's thinking

in the next decade, namely, how to achieve energy self-sufficiency and

how to reduce our dependence on oil. Over the past 20 years, oil has

been the major source of energy in Canada. As we have seen, indigenous

conventional reserves are low and foreign supplies are limited, costly

and no longer guaranteed in a turbulent world. Further, our increasing

dependence on imported oil could damage our economy and increase our
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potential vulnerability. Since some sectors will continue to be domi-

nated by oil, e.g., transportation, oil requirements will continue to be

substantial. In other sectors, there are opportunities for replacing

oil with alternative energy forms or of developing new technologies for

future replacement of oil. Conservation has already had, and will

continue to have, an effect on energy consumption. However, with a

small but positive growth in population and G.N.P., our total energy

requirements will probably continue to increase. This is reflected in

Figure 11 which shows the changes in distribution amongst the four major

energy consuming sectors between 1975 and 2000, in a possible scenario

by Gander and Belaire' . It is noticeable that, even where a relative

decrease in consumption occurs (e.g., residential), the absolute amount

of energy consumed still increases. We therefore need not only to

replace oil, where possible, but to find alternative energy sources to

cover the increase in energy consumption.

In the preceding chapters, we have summarized energy resources

and reserves, present and future consumption, end uses, costs and other

constraints, and health hazards involved. These considerations have led

us to suggest the most likely alternatives which might fulfill Canada's

future energy requirements, based on a 2-3% annual growth rate in total

primary energy consumption. During the next 20 years, the energy sources

which could most easily replace conventional oil and provide the bulk of

Canada's incremental energy requirements are hydro and nuclear elec-

tricity, coal and natural gas. Many other energy sources could contrib-

ute to Canada's total energy consumption but none appear likely to make

significant contributions on a national scale. Beyond the year 2000,

nuclear electricity, coal and tar sands oil should be prominent among

the non-renewable resources. In addition, some renewable resources,

such as solar and, possibly, biomass, will begin to contribute signi-

ficantly to Canada's energy requirements. We will now compare these

conclusions with those from some recent comprehensive analyses.
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No analysis is without controversy because of the many unknown

factors involved, and recent assessments ' ' of the Canadian

situation point out the problems in fulfilling our energy requirements,

while pursuing a policy of self-reliance, without significant economic

and social adjustments. These analyses all recognize the need to reduce

our dependency on oil by replacing it with other indigenous fuels.

Assuming a primary energy requirement of 16 EJ in the year 2000, based

on an average growth rate of 2.8% per year, Gander and Belaire

offer, as an illustration, the distribution shown in Figure 12. In the

year 2000, they suggest that the absolute consumption of oil could be

considerably more than it was in 1975, although its relative contribu-

tion to the total energy consumption would be substantially reduced.

Natural gas consumption would approximately double so that gas would

retain the same relative contribution as in 1975. The increased energy

demands would be met, in the main, by a large increase in the use of

electrical energy. Since development of hydro potential is limited,

most of the increased electricity generation would be produced by coal

and nuclear energy, with the latter showing the most significant growth

between 1975 and the year 2000. This is not unexpected, since the need

for a significant contribution from nuclear power appears to be neces-

sary, if we are to retain a reasonable economic growth and living stan-

, .(16,17,23,24,26,68,175-177) „. ., . u 1

dard > > > > > » > % ^ e contribution from renewables

(excluding hydroelectricity) is predicted to be some 5% by the year

2000, about half of which is used to generate electricity. The trend to

the year 2025 is similar, with nuclear-produced electricity and renew-

able energy achieving more prominence.

(20 31)

In the National Energy Board forecast ' , a similar pic-

ture emerges, namely, a relative reduction (but an absolute increase) in

oil consumption and little change in the relative contributions of coal

and natural gas. The increased energy demand is again predicted to be

met by a large increase in electricity consumption.
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(25)Friedenberg's analysis extends only to 1995, but it

reinforces the suggestions that natural gas, hydro, coal and nuclear

power will all increase (in absolute terms) in this period. In addi-

tion, he points out that, as the price of fossil fuels rise, Canada's

uranium supplies and its efficient reactor system place it in an advan-

tageous position with regard to electricity production.

(24)
A recent report by Clayton and co-workers suggests a

growth rate of 2.5% per year in primary energy consumption and a major

conservation effort. They avoid projections of a single solution that

might be operating in 2000, but instead offer options to fill the "oil

gap". Qualitatively, many of their conclusions are similar to those of

other energy analysts, but their options generally include a smaller

contribution from oil than those of other analysts. They also suggest

coal and nuclear power as two of the most promising replacements to fill

the oil gap, but from a different perspective to that of other analysts.

Direct replacement of oil by electricity, most of which will go into

space heating, is suggested to be too costly because of the low capacity

factor. They, therefore, suggest a hybrid system involving electric

heat for the base load plus an alternative heating system for peak loads

(see Section A.I). The hybrid system could supply up to 35% of space

heating by the year 2000, and the CANDU reactor would be particularly

suited to producing electricity for this system because of its high

availability and low fuel costs. Similarly they suggest that coal used

directly, rather than for production of electricity, could supply over

20% of our total secondary energy (for space heating and industrial

heat) by the year 2000, if the pollution is reduced to an acceptable

level. It is interesting to note that they predict a significant con-

tribution from solar, only if the cost is greatly reduced. Of the

remaining alternatives, only tar sands oil and methanol from biomass

appear promising, although the need to develop technology for in situ

recovery of tar sands oil may delay a major contribution until well

beyond the year 2000.
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It is important to note that, while the percentage of Canada's

total energy consumption which is devoted to oil should continually

decrease in the next 20 years (and probably beyond), the prospect of oil

self-sufficiency does not appear good. The absolute quantities of oil

required will continue to rise, and predictions are that we may find it
f}{\ 9 S *?1 1 7ft ̂

necessary to import up to one third of our oil supplies » » » /j

at least to 1995. Production from the tar sands may not increase at a

rate fast enough to permit us self-sufficiency in oil by the year 2000,

though it has the potential to do so* ' '. The rising cost of imported

oil could put increasing pressure on Canada to develop the tar sands and

to emphasize coal and nuclear power as alternatives to oil, where pos-

sible. This could not only lead to self-sufficiency but will give

enormous advantages to Canadian industry and to Canada's economy as a

whole.

In summary, while in the year 200< we may need at least 50%

more primary energy than we use now, analyses suggest that we could

match the demand. Nevertheless, it is possible that a large fraction of

our oil supplies will continue to be imported. In this regard, there

seems to be ample reason for a concerted effort to replace oil with

alternative energy sources, and to recover oil from the tar sands at a

rate which will lead to oil self-sufficiency by the end of the century.

Increased use of nuclear and hydro electricity, coal and natural gas

(though the latter is a temporary measure in view of the limited reserves)

could cover most of the incremental energy consumption, with renewables

providing a small but significant contribution. Beyond the year 2000,

nuclear power and renewable energy forms will probably show the most

expansion, along with in situ recovery of tar sands oil. The rate at

which the use of renewable fuels increases will depend not only on the

rate at which new technologies are developed, but also on the interest

shown by the business sector and this may depend on interim incen-

tives offered by the government to develop the most promising options.

Just as importantly, we shall need a sustained personal and corporate

effort to make more efficient use of scarce resources, since we can no
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longer justify the patterns of energy use which developed in a period of

cheap and abundant energy.

In order to permit a satisfactory economic growth and personal

life style, we must exploit the resources which are plentiful and eco-

nomically recoverable. However, decisions must be made now if we are to

ensure adequate supplies of energy in the future. In making such deci-

sions, overestimation or underestimation of future requirements is

possible and both have their disadvantages. Overestimation would involve

the risk of unnecessary costs and surplus energy supplies. However,

this could be rectified by a reduction in the production rate or by

export sales. Underestimation poses a far bigger danger because of the

long lead times involved in building new plants to meet increased

requirements. Even small underestimations of energy demand have a

dramatic economic and social effect, yet they cannot be corrected

quickly. We should, therefore, take precautions to prevent a shortage

of energy in the future and the serious economic and social problems

which would result from it.

8. CONCLUSIONS

Energy is essential for man's well-being and his use of it has

been extensive and generally beneficial. It has provided innumerable

social and economic benefits, continued provision of which will require

extensive supplies of energy in the future. Despite the implementation

of conservation measures, energy consumption in Canada will continue to

rise and energy analysts estimate that Canada will need at least 50%

more energy by the year 2000 than it uses now. Providing this energy will

be no easy task, but Canada is relatively fortunate in having practical

alternatives because of the wealth and diversity of its natural re-

sources, and the technologies with which to exploit them. However,
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nothing is free. Each energy source has its cost, risk and limitations,

all of which are factors when considering alternatives for the future.

The main problem facing Canada is to achieve energy self-

sufficiency despite increasing energy requirements and dwindling oil

supplies. To reduce and eventually eliminate our dependence on imported

oil will require all available energy resources. One likely outcome of

this will be an expansion in the use of electricity and natural gas in

the next 20 years. The dependence of the transportation sector on

petroleum supplies will require enhanced development of tar sands oil

and frontier oil. In industry, coal could supply a large portion of the

increased demand, if improved technology reduces the hazard from coal

combustion, as could electricity. Looking further into the future, tar

sands oil and nuclear power (using advanced fuel cycles) offer long-term

security in energy supplies. Renewable resources will probably not make

major contributions to the total energy picture in the next 20 years.

However, continued research on, and demonstrations of, the most promis-

ing are necessary so that the technology is developed when required.

To make the most efficient use of our energy resources, while

supporting satisfactory economic growth and individual living standards,

will require careful, disciplined, effective energy policies. Canada

has the potential to produce an optimum balance which will prevent

social disruptions and ensure options for future generations. Its

extensive indigenous resources and its technological and industrial

capability could guarantee conventional energy supplies until well into

the next century, and permit the gradual development and addition of

alternative energy sources. This strategy could lead to increased

employment opportunities, improved skills, more regional equality,

enhanced competitiveness in world markets and growth of our economy and

living standards. Canada's indigenous resources, and technology, coupled

with a vigorous response to the challenge of energy self-sufficiency,

therefore promise major economic and social opportunities in the future.
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APPENDIX A

Conversion factors used in the text (unless otherwise stated

and used in the source reference) are as follows:

g
1 barrel of oil equivalent =6.1 x 10 J

1 ton of oil equivalent =4.5 x 10 J
Q

I gallon of gasoline =1.6 x 10 J

1 metric ton of coal equivalent =2.9 x 10 J

1 cubic foot of natural gas - 1.05 x 10 J

1 cubic metre of natural gas =3.9 x 10 J

1 kilowatt hour =3.6 x 10 J

1 British Thermal Unit = 1.055 x 103 J

Definitions used in the text are as follows:

Seconaa. ' energy is the amount of energy available to the consumer.

Primary energy is secondary energy plus conversion losses and waste

and the energy used by the supply industries themselves.
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