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PREFACE

As team leader for this project, I would like to thank the following
people for all their help at the Institute for Research on Public Policy.
First of all, Dr. David Hoffman, Executive Director of the Institute and
Director of the Futures Studies Program (within which this report was pre-
pared) provided the opportunity for this team to attempt its research in the
first place* He was prepared to trust that the authors of this report knew
what they were doing—and when one paints on a large canvas like energy, one
finds that style, technique, and paint must be mixed very carefully. We are
also glad to acknowledge his contributions of suggestions, comments, and ideas.

I would also like to thank the three other principal members of the re-
search team. Constantine Lafkas1 contribution to the facts and argument of
the study is especially noteworthy. He provided most of the engineering and
cost analysis of novel and conventional energy sources, drawn from his own
knowledge and ceaseless digging in the relevant literature, as well as entire-
ly innovative approaches on occasion. The idea of the electric hybrid is an
example of his independently developed contribution. It is fair to say that
without his help this study could not have been undertaken in the same depth*
His knowledge of the topic and well of ideas were vital.

Gary Kreps worked very closely with me in the development of the research
methodology. He was responsible for all the detailed calculations in the con-
struction and format of the scenarios, and did most of the work in developing
the conservation projections. Besides providing the group with a constant
flow of energy-related and often quantified data, he also reminded us of the
human side of the energy equation.

Bob Miller was our writer/editor, but much more than that. He was our
philosopher, and we owe much of the structure of the argument to him. It is
thanks to him that we are able to present our case as well as we can.

Finally, I would like to add that although each member of the team made
his own distinct contribution to the report, it was the lively debate within
the team which generated the enthusiasm to carry the report through to comple-
tion.

Richard Clayton
Project Leader
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PROLOGUE

Five years ago, the world was in crisis. Or at least it thought so. A
handful of countries had shut the oil tap and then upped prices. What had
been taken for granted for a generation was suddenly an endangered commodity.

It was a crisis in two dimensions. First was the matter of oil itself.
The sudden price rise manifested itself in virtually every area of our daily
lives. And the embargo on oil transfers dramatically revealed the vulnerabil-
ity of an advanced society to disruptions in the oil flow. It was a classic
price stick-up—take it or leave it—and it produced the sickening sensation
that the life-style and livelihoods of Canadians rested on very precarious
foundations. As a political tactic, it was very effective.

The immediate crisis triggered a deeper crisis of life-style. The worlo
discovered the ubiquity of oil and energy in its way of life. The lesson was
learned through inflation, through unemployment, and through severely in-
creased dislocations in the international balance of payments. Suddenly soci-
eties and political systems were confronted with the issue of whether econom-
ic growth, that mainstay of collective life, was compatible with the new
facts of oil. And this was not only a social question. It penetrated every-
where into the lives of individuals by raising doubts about the future of the.
.nost ordinary, and taken-for-granted, details—cars, houses, and jobs.

Canada was not exempted from this crisis although it was less obviously
hart than some others. In 1973, this country was a net oil exporter, supply-
ing about 30 per cent of U.S. crude oil imports.1" At the same time Canada,
herself, was heavily dependent on importad oil. This schizophrenia is ex-
plained by the deliberate federal government policy of importing crude oil
for consumers east of the Ottawa River Valley (the "Borden Line") while per-
mitting export to the United States of surplus oil production in western Can-
ada. This policy represented a political compromise from an earlier period
when it was cheaper for eastern Canadians to import oil than it was to bring
it from the West. Given that and the desire of oil companies and western
Canadian governments to expand production, exports to the United States were
logical and possible once U.S. import quotas allowed them.

In other words, Canada was situated on both sides of the oil crisis—as
producer and as consumer. East of the Borden Line, where Canadian consump-
tion is no less than 50 per cent, Canadians were as vulnerable to the oil em-
oargo and price increases as their counterparts in Europe. As much concern

The notes for each chapter will be found in Part II



was expressed in Canada for the stable continuation of life-style. The fed-
eral government attempted to guarantee continuity by expanding the domestic
pipeline system so that refineries and thus customers east of the Borden Line
could be supplied with domestic crude oil.2 Moreover, the price of that oil
was held beneath the world (that is, the OPEC) price*

At this point, the other side of the Canadian equation expressed itself.
Western oil producers and provinces alike reacted bitterly to price restric-
tions as another manifestation of the long history of the East exploiting the
West- In any case, the lack of a national distribution system and the deci-
sion to exploit western oil at less than production capacity3 meant that sup-
plying all the required feedstocks for eastern refineries from this domestic
source was simply out of the question. Canadians, too, faced the end of the
era of cheap oi1.

Unless the crisis was really a conspiracy. After all, what was OPEC ex-
cept a very well-organized conspiracy? If it was possible for a handful of
hitherto weak countries to hold up the world, perhaps powerful corporations
could do—and were doing—the bame. Perhaps the problem was not in the
ground and in our appetites, but in the boardrooms and at the bargaining ta-
bles. The suspicion has persisted*

At the same time, there is some evidence that having weathered the imme-
diate crisis, Canadians then entered the downside of the public opinion cycle.
Indeed by the summer of 1978, as this study was being prepared, the talk was
of an oil glut. Articles appeared describing surplus supplies. Industry
spokesmen called for a substantial increase in export quotas, and thus the
acid of public cynicism was strengthened, for such talk seemed to confirm all
the suspicions that the oil crisis was a contrived event, a rigged affair, a
conspiracy.

A principal purpose of this study is to assist Canadians off this roller
coaster of opinion. The highs of fear and the lows of cynicism and complacen-
cy are not helpful either to defining the energy problem or preparing us to
meet it. Adopting a longer run perspective is itself the first corrective
step.

Our Depth of Field: Twenty Years and Fifty Years

We focus on a period of time, about twenty years, which represents the
minimum time for getting a fix on the factors which determine whether this is
a crisis, a problem, or an hallucination Canadians face. It is also a period
long enough to interest the vast majority of people who are at work today.
They will want to know, indeed must know, if their jobs, communities, and liv-
ing standards are in jeopardy owing to potential energy shortages. In short,
the next twenty years is the policy relevant longer view.

At the same time, we acknowledge those who argue that the energy cycle,
giving effect to demographic, economic, and technical factors, is really more
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2,
like fifty years* For example, it took fifty years for oil to replace coal.
The recent oil crisis suggests that the peak of yet another energy cycle may
have been reached or be close at hand, a possibility which must certainly be
kept in mind by policy makers. Whatever solutions to the energy problem are
attempted in the next twenty years should be as consistent as possible with
the likely demands and opportunities of the succeeding period. For this rea-
son, we have tried to provide "depth of field" in this study. Without aban-
doning our focus on the next twenty years, we have brought some of the back-
ground—the succeeding twenty-five years—into view.

The Purpose and Design of this Study

The purpose of this study is, first of all, to determine what sort of
problem energy is. Is it primarily technical, the substitution of one fuel
for another, a question to be answered by engineers and gelogists? Is it es-
sentially a social problem, a matter of adjusting our life-style, our famil-
iar possessions, and our expectations to a world of energy shortages? Or are
the questions overwhelmingly economic, having to do with prices, subsidies,
and investment? Are they political? Is it only governments which will de-
cide what action to take?

In a sense these are rhetorical questions. Of course, energy involves
economics and geology, life-style and politics. But in what proportions? If
there is a supply solution over the next twenty years, then a change in life-
style, however desirable it may be for other reasons, is not made necessary
by virtue of an energy shortage. But if supplies—or capital—are not forth-
coming in anything like the amounts required, then major changes in our ex-
pectations and in our behaviour must certainly occur. Our purpose here is to
locate this "centre of gravity" of the energy^ problem, whether in us or in
the ground.

A Methodological Note: Our Bias

We have tried throughout to take a positive approach to our energy prob-
lems. This is no gloom and doom study. Most of our estimates of resources
or of conservation potential err, if at all, on the side of optimism. We
have taken this approach not alone, or even especially, because we are bless-
ed with sunny dispositions. Rather, by assuming the most favourable condi-
tions and still discovering very sizeable problems ahead, we hope to persuade
Canadians that their energy future is not going to be easy.
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Chapter One

THE CANADIAN ENERGY SYSTEM

To say that energy is an essential component of all activity from the
whirling of atoms to the fluctuations of the stock market is only to state
the obvious.) And yet, it took the crisis of 197** to remind us of this fact
of life. OPEC was the author of a lecture about energy and reality which the
world apparently required in the 1970s. Whether the lesson has yet taken re-
mains to be seen,

The purpose of this chapter is not to repeat the lecture, starting with
physics and running through the details of how energy insinuates itself into
every nook and cranny of our lives, personal and national. Instead, we in-
tend only to touch upon a few of the main features of the Canadian energy sys-
tem and its relationship to economic activity. In doing so, we will also put
forth our judgement about the overall "affordability" of energy which will
then serve as a bench-mark for the rest of the study.

THE SYSTEM: FROM THE GROUND TO THE HOME
2

Let us begin with figure 1,1, "The Canadian Energy System 1975." Mov-
ing from left to right, it shows four "stages" in the Canadian system of pro-
ducing and consuming energy. The columns represent the various sources and
uses of energy. The arrows between columns indicate the flow from sources to
uses at each succeeding stage in the system.

Stage I—primary production is the "raw" energy produced at Canadian
wells, dams, mines, and nuclear plants. It reveals the very high share of
just two of those resources—natural gas and crude oil. Between them, they
represent about 69 per cent of Canadian total primary energy production. Fig-
ure 1,2 shows the history of primary energy in Canada since Confederation.
Wood was the dominant fuel until 1897, coal from 1897 to 1953, and petroleum
since. The length of time taken for a new resource to emerge as dominant
should be noted. The explanation for this lies in the relatively slow pace
of replacing capital stock, a fact which suggests that the decline of oil and
the emergence of new resources will take some time. The energy system is a
slow, or at least gradually, moving beast.

Stage II—primary supply is the primary energy available to Canadians,
that is, with primary imports added and exports subtracted. The comparison
of stages I and II reveals that in 1975 Canada was a net exporter of primary
energy overall, but not for every fuel- There were 25 trillion Btu of elec-
tricity exports and 937 trillion Btu gas exports to the United States. In
the case of coal, however, Canada was a net importer to the tune of 112 tril-
lion Btu which represented the difference between our exports, largely to Jap-
an for metallurgical processing, and our imports from the United States to



FIGURE I I

The Canadian Energy System
1975
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10 I
Irun Ontario Hydro thermal-electric generating plants. Similarly, Canada was

a net importer of 118 trillion Btu of oil products.

The point to be noted here is that the Canadian energy system is an open,
not a closed, system. Apart from whether or not it is absolutely necessary,
it has been and may always be in our interests to trade energy with other _
countries. Just how we do so, however, is a matter for careful consideration I
as we shal1 see.

Stage III—secondary supply is the primary energy after transformation I
into useable energy products such as electricity and gasoline. The point to I
be noted here is the losses in the system, some 10-15 per cent of all second-
ary supply. These are the result of the difficulty and expense of turning
the raw energy into a useable form and transmitting it to the point of use.
In the case of hydroelectricity, some 90 per cent of the energy of falling
water is converted to electricity, but in the case of thermal generation— _
coal or gas—the efficiency drops to about 33 per cent, the rest being waste I
heat.3 There are, in addition to these kinds of losses, others associated •
with the transmission and distribution of the energy.

Overall in Canada today it takes an average 1.6 units of primary energy fl
to produce one unit of secondary (taking all primary electricity as though it
were generated from coalK The losses are greatest for thermal electricity •
and lowest for gas and coal which are nearest to being useable products in I
their crude form. Thus the primary/secondary ratio—a most important factor
—will vary according to the mix of supplies. It also depends on the "quali-
ty" of those supplies: as resources become less accessible and lower grade, I
the efficiency of using them declines and the cost rises. This may have the •
most serious long-term consequences for our energy system.

Finally, we come to stage IV—final uses. This represents the actual |
use of energy by the various sectors of the Canadian economy, as well as the
losses incurred in distributing the energy "door-to-door." There are two a
points to which we direct the attention of the reader. I

The first thing we see is the growing "complexity" of the system as rep-
resented by the lines linking supplies to various uses. And we are struck by I
the diversity of application of the three major supplies—electricity, natu- •
ral gas, and oil products. Throughout this study, we shall see that this mat-
ter of application, of matching supplies to uses, is every bit as important
as the total quantities of supplies available. In that connection, we should
note that the transport sector, a large and vital user of energy in this coun-
try, is unique in being almost entirely dependent on one source of supply— _
oil—and that it consumes nearly 50 per cent of that supply..^ As we shall I
see later, this is an important consideration in projecting Canada's energy
future.

The second poii.t about final use is its distribution by economic sector, I
The trillions of Btu in the column translate into the following percentages:
transport (cars, trucks, railroads, and so on, of which cars are by far the •

I
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most important)—30 per cent; industrial (mostly resource processing)—33 per
cent; commercial (service sector)—]k per cent; and the residential and farm
sector—23 per cent. The interesting thing about these shares, as revealed
by figure 1.3, is that they have remained steady over the past twenty years.
All have grown at about the same rate, although residential and farm use has
been somewhat less than the average, and commercial use has first exceeded
and then dropped below the average.

Summary

Before pressing on, we might briefly summarize the main points brought
out by our illustration of the Canadian energy system.

1- The system is heavily dependent on oil and natural gas and will likely re-
main so for some time to come.

2. The system is open in that exports and imports represent significant
parts of supply. Again, this may well continue.

3. The "losses" in producing energy are significant and threaten to get
larger. The present ratio is 1.6 units primary energy for every unit of sec-
ondary.

*k The application of supplies to use is complex but, in one respect, distur-
bingly simple. The transport sector is overwhelmingly dependent on oil and
consumes 50 per cent of that resource.

5. The share of consumption of the various economic sectors has been fairly
steady.

ENERGY AND ECONOMICS

Fascinating and important as questions of energy supply and application
may be, they are still one step removed from the question which really ex-
cites people—"Can we pay for the stuff?" To begin with, it is clear that
energy, along with other natural resources, labour, and knowledge, is an im-
portant factor in determining the level of material production of a society.
In fact, energy consumption can be used as a rough index of standard of liv-
ing, as figure 1.4 shows for the various regions and countries of the world.
In the case of Canada, a high standard of living, cold climate, and great
distances all combine to give us the dubious distinction of first place in
per capita consumption of energy.5

Even more significant for the study of our future is the fact that ener-
gy use, both primary and secondary, has been directly proportional to GNP in
Canada over a long period of time, as shown by figure 1.5. The straightness
of the curves is so exact that one can measure GNP gains at a steady 31,700
secondary Btu per dollar. Since I960, the composition of tne Canadian econo-
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Per Capita Consumption and
Production of Primary Energy in the World, 1975
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my has shifted from industry to services—a development which one might have
expected to reduce energy consumption—but the curves carry on pretty much as
before. The experience of other countries, including the United States, is
strikingly similar.7

STRETCHING THE PAST—WHERE 5 PER CENT

shows the results of simply stretching

tied by how fast the figures increase..

IROWTH TAKES US

Over the past twenty years, Canadians have averaged about 5 per cent a
year growth in their energy consumption,. Figure 1.6, "Stretching the Past,"

this rate of growth to the year 2000.°
As with all forms of exponential, or cbmpound interest, growth, we are star-

By the year 2000, our total energy de-
mand would be 17-2 quads secondary (26.2 quads primary), over three times the
consumption of 1975- And if it kept up in the twenty-five years following
that, we calculate consumption would increase by at least another threefold
to 58 quads secondary (89 quads primary), thus increasing Canada's appetite
for energy eleven times above the current level.

As well shall see, there are very good reasons for thinking that such in-
creases in the consumption of energy are out of the question. This, in turn,
raises the question of whether, or at least to what extent, we can expect to
continue to have economic growth in the future. Would slower energy consump-
tion dictate low growth? We should not assume that the answer to that ques-
tion is necessarily yes. It is always questionable to base a conclusion on
nothing more than a statistical correlation. After all, the "historical evi-
dence" to which we have referred is drawn from a period of time—the last fif-
ty years or so—which may well have been a profligate energy era of low
prices and abundant supplies. There may well be enormous opportunities to im-
prove the efficiency with which we use energy that do not impede economic
growth, and that in fact may create—as indeed they have already done to some
extent—new areas of economic activity- One of the important elements of
this study is to identify the level of savings which we judge to be practical.

Just the same, it remains clear that some connection, however improved,
between ou<- standard of living and our consumption of energy will remain—es-
pecially in a cold, vast country like Canada, That connection will manifest
itself in the answer to the question, "What can we afford to pay?"

ENERGY COSTS: WHAT CAN WE AFFORD TO PAY?

It is generally accepted that energy costs of production and prices to
consumers will rise relative to other goods and services over the next twenty
five years. Only the amount and pace of this increase are in question. In
this report, as a working assumption, we will be allowing overall energy
costs to rise in real terms by a factor of 1.5 between 1975 and 2000, to a
level equivalent to about 10 per cent of GNP. In other, words, we are allow-
ing for a 50 per cent real price increase for energy. Since, as a rule of
thumb, two thirds of total direct energy costs are assignable to the use of
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capital and one third, to operating costs, it follows that, at 10 per cent of
GNP, capital carrying charges would be about 7 per cent of GNP. This is
equivalent to roughly twice the average annual energy investment of the last
twenty-five years., We call the latter our provisional investment constraint.

This is a formidable increase in energy investment in so short a period
of time and a most critical factor in the analysis of this study. The 7 per
cent figure will be used as a working standard against which to judge the af-
fordability of alternative energy supplies. The key question is not whether
the limit can be surpassed, but rather whether it is necessary for Canada to
have an energy future which entails that our limits be breached. We find the
use of the capital funding ceiling helpful as a filter to deal with energy op-
tions that are otherwise attractive but costly.

We have allowed this range of real price movement partly because it
bears a relationship to other forecasts. For example, this energy budget is
revealed to be slightly generous by comparison with the 1976 Energy Strategy
Report-of the Department of Energy, Mines and Resources.9 The forecast in -i
its high-price scenario was for an average 5.2 per cent of GNP going toward
capital investment for energy in the 1976-1990 period with a peak of 6.5 per
cent in the period 1981 — 1985- Thus our investment limit is high but not wild-
ly so. However, as the Canadian Energy Research Institute said of the Energy,
Mines and Resources forecast, such an increase in energy costs would require
a major shift in the structure of investment in Canada.

The task of raising the energy component by*..(the EMSR
figure) implies a rise in the rate of domestic savings,
an additional call on imports, a decline in the relative
importance of investment of other sectors or some combi-
nation of these possibi 1 ities., '0

If this additional capital were to be imported, thecarrying charges
could further aggravate any balance-of-payments problems. On the other hand,
if the capital were to be raised within Canada, the level of domestic savings
would have to rise substantially or other sectors of the economy would have
to be capital constrained. The historical savings rate of the past twenty
years—about 2k per cent of GNP—would have to be increased to about 27 per
cent. While this does not seem a prohibitively high figure, we should not
forget that it allows for no increase in the GNP share of other sectors of
the economy, such as high-technology industry. It is a one-item agenda and,
thus, almost certainly an understatement of the demands which investment will
make on our economy over the next twenty years."

Having described some of the important characteristics of the Canadian
energy system and the ground rules of our study, we now turn to the immediate
problem facing our energy future: oil—"going up the down slope."



Chapter Two

"GOING UP THE DOWN SLOPE"

To this point in our study, our account has been largely descriptive of
the basic characteristics of the Canadian energy system and its linkages to
the economy. What we now turn to is the immediate problem of our study—the
contradiction between the growing consumption of oil and its declining avail-
ability. We do not have new news on this subject, but some old news bears re-
peating.

As we have shown, oil is still the staple product of Canadian energy
needs. In 1975—the baseline of this report—oil supplied some 38 per cent
primary/57 per cent secondary of our energy consumption. If the rate of
growth in energy consumption of the past twenty years—an average 5 per cent
a year—were to continue to the year 2000, and if oil were expected to pro-
vide the same proportion of our energy needs then as now, we would arrive by
simple arithmetic at rather difficult conclusions. In the year 2000, we
would need 9.8 quads secondary (11.8 quads primary) oil, and in the year 2025,
33 quads secondary (kQ quads primary). By the year 2000, our cumulative con-
sumption would have risen to 173 quads primary oil energy which translates in-
to 30 billion barrels of crude oil. To demonstrate the improbability of
achieving such figures, we turn to our assessment of Canadian oil availabili-
ty-

OIL SUPPLIES

A. Domestic Production

Our proven conventional reserves of oil—not including the tar sands—
are curretnly about 11 billion barrels.' But reserves would need to be three
times that size, and fully exploited, just to supply the "stretching the past"
scenario in the years 1975-2000. Far from achieving that, there are very
good reasons for believing that oil supply is now on the dov i slope of a long-
range curve. The additions to reserves have already fallen behind crude oil
demand and this fact presages an absolute decline in Canadian domestic pro-
duct i on. ̂

The ace in the hole for Canada is said to be the Athabasca tar sands.
Estimates of recoverable reserves have ranged from a low of 22 billion bar-
rels to a high of 250 billion.3 If the higher figure proved correct, no
doubt Canada could continue as an oil economy for some time to come. The
problem—as with all aces in the hole—is that the odds of successful exploi-
tation are not all that good. Only a small proportion of tar sand oil is now
recoverable with existing commercially feasible technology. These are the
near-surface deposits which can be strip-mined. They are estimated at about
22 billion barrels; and this is the figure we accept here.'1 In total, then,

19
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a- Eight surface-mining tar sand plants, or equivalent.
125,000 barrels/day equivalent production each $20 billion

possibly +.2—this would provide another 50,000 or 100,000 barrels per day,,

I
I

w e e s t i m a t e — g e n e r o u s l y — t h a t Canada has about 33 billion b a r r e l s of oil re-
serves. I

PRODUCTION AND COSTS m

The question still remains as to the rate at which this Canadian oil can
be brought on production. In this study, we accept the projection of the
National Energy Board (NEB) as contained in its recent publication, Canadian I
Oil Supply and Requirements, and as shown by figure 2ol.-> The NEB concludes m
that by 1995» domestic oil production can reach } A million barrels per day,
derived about 50-50 from tar sand oil and conventional oil reserves. To de- •
rive our projection of oil production to the year 2000, we have made a g
straight line extrapolation of the NEB forecast for the additional five years
1995-2000. -

It should be acknowledged that this NEB forecast has been seriously ques-
tioned by some. The key issue here has certainly been that of how fast tar
sand oil production can be brought on stream." Assuming that Syncrude and I
Great Canadian Oil Sands (GCOS) are working at full capacity, it would re- m
quire only one more surface mining operation, a certain upgrading of the
Syncrude and GCOS operations—both of which have plans on hand to do so if it •
seems feasible/profitable—and a large heavy-oils upgrader to reach 500,000 J
barrels per day. The figure of 700,000 barrels per day in 1995 projected by
the NEB seems optimistic, but not out of the question. Consistent with our H
own bias in such calculations—described in the prologue—we are willing to •
accept the higher figure. Should there be a shortfall in this supply, we as- *
sume substitutions by imports (of which more below). Accepting this projec-
tion for oil producibility by 2000, we calculate the capital cost for oil as i
follows (we remind the reader these figures are in constant 1975 dollars): I

I
b. Refining, exploration and pipeline costs for _

"reserve additions," "pentanes plus," and I
"established areas" $ 5 billion ™

Total $25 billion I

Assuming a 10 per cent annual carrying charge on capital (the cost of "use of
capital"), this implies annual oil investment carrying charges of $2.5 bi1 — m
lion by the year 2000.7 I

The NEB projections are developed on the basis of constant real prices
for oil. But because in this report we are prepared to let real energy 1
prices rise by 50 per cent by 2000, the NEB projections may actually under- •
state oil availability. To illustrate for the unconventional sources, if
there were a small positive price elasticity for conventional oil at least— I

I
I
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FIGURE 2.1

NEB Projections of Demand and Domestic Supply of Oil
1975-1995 ("Basecase")
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I
We project this would match non-energy uses, for example, petrochemical feed-
stocks. If operating costs were equal to capital costs for tar sand plants, m
and if the production costs of the remaining conventional sources were $A.OO I
per barrel, then the average cost of a barrel of oil in Canada in 2000 would
be $8»65 8 (1975 dollars). If, however, the \315 price of oil in Canada,
$12.70, was allowed to rise 50 per cent (to $19.00 per barrel), this would •
1 P 3 W a considerable incentive for increased oil Droduction from unconven- •leave a considerable incentive for increased oil production from unconven-
tional sources. We will investigate exactly what this incentive must achieve
if oil is to remain our major energy source in chapter 8, "In Situ Tar Sands."

B, Imports

I
I

As we saw in chapter 1, the Canadian energy system is open, allowing for
both imports and exports of energy products. In the case of oil, Canada cur-
rently (1977) net imports about 10 per cent of its total oil consumption,9 ft
primarily from Venezuela and the Middle East. This oil is used to supply •
eastern Canadian refineries, mostly in the Montreal area. Imports have been
increasing recently. %

Canada's status as a net oil importer is a reversal of our previous posi-
tion as a net exporter and represents one of the most serious changes in the fc

Canadian energy system. The question is whether, and to what extent, we can I
allow the continuation of this situation. Current government policy limits *
net imports to a maximum of one third of consumption, or 800,000 barrels per
day, whichever is less.10 While this constraint has been extended to the I
year 1985, no published statement concerning imports beyond that date is 1
available. However, recent studies^ and our own contacts with officials sug-
gest it is emerging policy to have net imports decline from 1985 onwards, m
reaching zero by the year 2000. We adopt this as our own projection, and we §
will now explain why.

A series of oil forecasts prepared by the Workshop on Alternative Energy I
Strategies (WAES) shows that world oil production will peak and then decline •
by the year 2000 at the latest. According to WAES, if one assumes a 3 per
cent rate of growth in demand and an "optimistic" reserve forecast, non- 1
communist world demand will exceed supply in 1997, assuming the same demand |
growth and a "pessimistic" reserve forecast bring the non-communist world to
the demand/supply crunch seven years sooner, in 1990.^^ -rne date could be *
advanced if oil exporters make the conscious decision to husband reserves for I
the longer run. Thus it will certainly be in very competitive circumstances
that Canada will seek to import oil.

Nor is the source of competition likely to be confined to the currently "
industrialized countries. Canada's GNP per capita, about $7,200, is incompa-
rably greater than that of countries like Bangladesh or Indonesia. Average I
per capita income world-wide is about $1,200, one fifth of Canada's. This 1
means that the rest of the world would have to have five times its present
rate of resource consumption, including oil, to bring it up to present Canadi- •
an standards.13 Even if the less-developed countries cannot close this gap I

I
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in the foreseeable future—and of course their resource demands will not be
exactly the same as ours—nonetheless, they will press intensively in that
direction. And this means that, generally speaking, the competition for re-
sources world-wide can only increase in the next twenty to fifty years-

The only alternative is to accept indefinitely the current lopsided dis-
tribution of wealth, a very dubious proposition morally and practically, con-
sidering that much of the oil the world consumes lies beyond the territory of
the rich. As the relatively wealthy countries pay for oil, the producer coun-
tries (OPEC) may effect a considerable redistribution of income in the world
by offering two-tier prices and foreign aid, derived from oil revenues.1^

The ability of exporting countries to get higher prices for their oil
has been amply demonstrated, but what of the future? We have considered two
new strategies that OPEC might pursue.15 Frankly, we are frightened by both:
in the case of a "production ceiling" strategy, there will be shortfalls in
supply and rapidly escalating prices, as much as $22 per barrel in the case
of only a 10 per cent shortfall. The only thing that makes this prospect the
least bit inviting is the grimness of the second strategy: "income ceil ing."
Should these countries decide that they have need of lower revenues than
could be generated by oil production, the cut-backs in production and escala-
tion in prices would be far more severe than in the case of a production ceil-
ing. It could lead to market destabilization and conceivably a breakdown in
oil trade.

The instability of this situation and its threatening nature are two
very good reasons why Canada should move to net energy self-sufficiency as
quickly as possible. And there is an additional constraint on imported oil
in Canada's case, namely, its negative effect on the balance of payments. As
we noted earlier, oil made a positive contribution to Canada's foreign ex-
change earnings for some years prior to 1975 when Canada became a net import-
er. Shortly after the price of oil moved up sharply during the winter of
1973~197^» Canadians discovered they had virtually lost their export profits
from its sales. At a time when Canada's balance of payments has moved into a
strongly deficit position, and caused a decline in the value of the Canadian
dollar, imported oil—at an historically high price—adds still further to
the burden. We will be returning to this question later in chapter 7.

However desirable it would be to eliminate Canada's vulnerability to
world oil prices and supply, it cannot be accomplished overnight. We will
have to allow for some imports in the 1975-2000 period, as new domestic pro-
duction is being brought on stream, for example, from the tar sands.

ADDING IT UP

Figure 2.2 shows our projection of oil availability for the period 1975-
2025. It corresponds to the Energy, Mines and Resources policy regarding im-
ports and the NEB projection of domestic oil producibi1ity. The availability
curve is flat to 1985 at 1.8 million barrels per day, including imports, and
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then declines to 1.5 million barrels per day in the year 2000, all from domes-
tic sources. We then project oil availability stabilizing at that figure be-
yond 2000.!^

It is our judgement that some form of stabilized oil consumption would
be a sensible policy. As we noted earlier concerning Canadian oil producibil-
ity in 1976 and 1977, this already seems to be accepted as common sense. Can-
ada seems fortunate in that a continuous decline does not seem inevitable, un-
like other countries whose oil supplies are either non-existent or entirely
imported. This approach seems sensible even for the more distant future. If
oil retains its value based on its special characteristics, our steady pace
of consumption will have been fully vindicated. But if it should fade in val-
ue, to be replaced by cheaper and better alternatives, we would have lost not
so very much by failing to exploit it earlier and faster. This is especially
so for Canadian unconventional oil, which will be costly to produce. On the
whole, the risk lies on the side of too much, too soon. If the resource base
turns out to be higher than our estimates, so much the better. However, if
it is lower, the vulnerability to shortages would have been diminished owing
to the reduced share of the energy pie supplied by oil. We could call this
policy of stabilization "steady as she goes." (Of course, as the reader will
appreciate, such a policy can only make sense in the overall context of ener-
gy supply and demand balance—which we will be trying to unfold as we go
along.)

THE OIL. PROBLEM

Sensible as our projection may be, it still poses a major problem for
Canada's energy future. It is oil standing still—even declining in some
years—while all else rushes forward. To return to our earlier "stretching
the past" projection—energy demand continuing to grow at 5 per cent per year
—that projection would have required some 26 "quads" per year (total primary
energy) by the year 2000. But if oil consumption is to be stabilized by 2000
at about 1.5 million barrels per day—which translates into about 3 quads per
year primary energy—it can therefore supply only about 11 per cent of such a
projected energy demand, a fourfold decline in oil's share of the energy pie
in only twenty years. Clearly, such a change in such a short period of time
would face Canada with a savage readjustment.

We must recall that crude oil cannot be used directly as it comes out of
the ground; it needs to be refined before it can be put to practical purpose
in transport, heating, and so on. If oil is in short supply, we have to set
priorities for its use and this will affect the refined products "mix." But
there are technical limits on what "mix" can be produced from a barrel of
crude oil. It is possible to upgrade and downgrade products to a degree; but
some products of each major refining category are inescapableJ7 So there is
a problem even in establishing necessary priorities.

It is this conflict between expanding demand and oil's diminishing con-
tribution that is the starting point, the problem of our study. The severity
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Iof the conflict suggests that our search for solutions must involve both de-

mand and supply. We shall start by bringing down the 5 per cent growth in _
demand. I
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Chapter Three

LIMITING DEMAND WITH LIFE-STYLE CONTINUITY:
3.5 PER CENT ECONOMIC GROWTH

At the end of chapter 2, we burned the straw man of 5 per cent annual
growth in Canadian energy consumption. It is now fairly obvious that we can-
not continue that pace of consumption, if for no other reason than the condi-
tion which made it possible over the past twenty-five years—comparatively
cheap oil — is and will probably remain a thing of the past. The best avail-
able projection of Canadian oil producibi1ity falls far short of "stretching
the past" energy demand by the year 2000. Rather than seeking ways of satis-
fying such an appetite, we must first find ways of putting the country on a
diet.

So far so good. But the question is, "what kind of diet?" "How dras-
tic?" "How sudden?" It is beyond the scope of this study to examine Cana-
da's economic future in any great detail. We can only give a very general
discussion of the issues, as background for working assumptions. In this
study, we propose that Canada's demand for energy be reduced by amounts which
are consistent with the continuation over the next twenty years of basic fea-
tures of our way of life. This means, for example, that we allow for a lower-
ing of real GNP growth to an average 3.5 per cent a year, a level which sub-
stantially reduces energy consumption but not, in our projections, at the ex-
pense of more unemployment. Or, to take another axample, we assume the intro-
duction of smaller and lighter cars and, with them, significantly improved
gas mileage, but we do not expect, or recommend, the abandonment of the car.

We call this "life-style continuity" though it represents substantial ad-
justments in Canadian society over the next twenty years. To achieve the con-
servation values outlined in chapter A will require at least a dampening of
the expectations built up since the war. Nevertheless, our calculations of
the balance between energy savings and life-style will strike some as intel-
lectually and morally timid. They will ask, "Why not a drastic change in our
way of life?" To answer that we should remind ourselves that we are talking
here about slightly more than twenty years, a sizeable portion of a person's
life but a very small period in the history, or energy equation, of a society.
In our judgement, such a period allows for less change than is sometimes sug-
gested though, no doubt, much more than the society has yet undergone.

ECONOMIC GROWTH OF 3.5 PER CENT

As we showed in chapter 1, some relationship exists, and will continue
to exist, between economic growth and energy consumption. If we continue to
increase our GNP, we will have to increase our consumption of energy, though
hopefully at some diminished rate. This means that one important element in
the reduction of energy growth must be the reduction of economic growth.
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In this study, we have settled upon 3.5 per cent average annual economic

growth over the period 1975-2000. This represents a decline of about 1.5 per »
cent from the average rate of the past twenty years—5 per cent. •

We have chosen this lower figure because for us it represents a balance
or compromise between two requirements: the need to reduce energy consump- •
tion on the one hand, and the need to provide jobs and incomes for Canadians, •
on the other. In our view, 3.5 per cent economic growth is the minimum fig-
ure necessary to maintain some hope of reducing or at least containing unem- ft
ployment, the most important of our economic objectives. We will now briefly (
explain why.

Labour Force Growth I
The first component in arriving at a reasonable GNP growth figure is la- |

hour force growth. The recent growth in the Canadian labour force—reflect- m
ing the post-war baby boom—has been exceptionally high, certainly higher
than a reasonable forecast for the next twenty years. Of course the forecast- m
er must separate such different components of labour-force change as the •
growth of the working-age population and the participation rates of parts of
the work-force, such as married women. It may be that the entry of aggres- _
sive new job seekers drives others out of the market. Perhaps the statistics 1
underestimate unemployment by failing to account for those who have given up ™
in despair.

Although economists commonly project that labour-force growth correlates i
with GNP growth, there are a number of structural or frictional forces which
may interfere with the relationship. There are, for example, constraints on «
how fast any given aggregate capital stock can absorb new workers. The corol- 1
lary is that economic growth per worker might actually accelerate after the
existing bulge in the size of the working population has been absorbed. At
that point, there might again be opportunities for "capital deepening" per I
worker, the traditional way of raising productivity and, hence, aggregate out- •
put. The current slack demand in the economy might, for this reason, prove
transitory. The pace of economic growth could increase and with it, demand I
for energy resources. |

We have assumed the economy will have to grow at about 1 per cent on an «
annual average just to provide jobs for this young entrants to the labour I
force, without reducing the current high rate of unemployment. Increased par-
ticipation of the population in the labour market will add another .75 per ^p
cent to our growth requirement. These figures are consistent with our popula- I
tion projection: 28.i million in the year 2000 derived from a fertility rate •
of 1.8 per cent and net immigration of 75,000,.'

Productivity

We assume an average annual growth in output per man-hour of about 1.75 I

I
I
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per cent. This is only about the average gain in the service sector, so at
this stage we are not providing for a substantial expansion of manufacturing
or development of an "industrial strategy." Services are the least expensive
way to absorb new entrants into the labour force They require less capital
investment per job and thus provide more jobs for any given level of invest-
ment. But service jobs also present less opportunity for productivity gain
and, hence, economic growth.

Some intensification of service employment seems to be currently taking
place. Certainly forecasts of such "post-industrial societies" abound. But
while such forecasts have their intellectual appeal, reflecting changing
tastes and demands, they often neglect the continuing need for such basics as
food and housing. These needs are necessarily met through continued economic
growth and productivity in the primary and secondary sectors.

The combination of labour-force growth and increased productivity yields
economic growth of at least 3-5 per cent* The question is what effect, if
any, this will have on the unemployment level and rate. There is some evi-
dence that employment has been growing faster than the economy as a whole
For this reason, it may be possible to contain unemployment even with growth
rates, like 3.5 per cent, that are poor by historical standards. At the time
of writing (January 1979), Canada's seasonally adjusted unemployment rate is
8.1 per cent, a value that has been fairly steady for about twelve months des-
pite the fact that during that period of time, the GNP grew at around 3.5 per
cent. However, it must be concluded that at this growth level, there is not
much scope for reducing the existing unemployment level, although the rate
would diminish, as the same absolute number of unemployed would be included
in about a 50 per cent larger work-force. The figure must be judged yet more
severe when several other factors are taken into account.

- Balance of Payments. Economic growth of 3-5 per cent is a very low figure
when one takes into account the Canadian balance of payments a At the time
of writing Canada is in deficit, that is, in effect, foreigners are loaning
money to Canada to support Canadians' living standards. To pay for that
deficit, a proportion of economic growth, quite possibly part of the person-
al income share, must be diverted. Real economic growth will be required
not only to absorb inputs but also to retire existing foreign debts.

- Income Distribution. So far, we have talked of economic growth as reflect-
ing the need for jobs and the opportunities for growth in productivity.
But what of the remaining problem of fair distribution, of extending to all
Canadians the chance to participate in "our life-style"? However important
government policy is to this objective, it is likely that a rate of econom-
ic growth significantly less than 3-5 per cent per annum will constrain any
•such hope. Only at this rate or better would it be possible to improve
some segments of society without reducing absolute living standards else-
whe re„

- The Structural Demand. Disregarding the external sector, the future avail-
able labour and technology represent resources that will inevitably flow in-
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to the economy. They are forces set in motion already. If they are to be
fully employed, the economy ought to expand at something like a 3.5 per
cent annual rate of growth to the year 2000. But the implications for ener-
gy supply do not end there: as important as the size of demand is the vari-
ety of uses to which energy is put—in short, the structure of demand.

In this study we assume that the pattern of energy consumption by econom-
ic sector will remain pretty much the same. In the case of the primary sec-
tor—mining, agriculture, fishing and forestry-while its contribution to the
GNP might decline, its use of energy is likely to intensify because of the ex-
ploitation of more remote or lower grade resources. In sum it will, we think,
consume about the same share of the energy pie as it now does. Similarly, we
have projected the balance between secondary manufacturing and the service
sector to be maintained, though this runs against many "futures" forecasts.
We are merely pointing out chat Canada simply cannot allow lower cost imports
to supersede its industry. Either the country maintains a certain level of
production of all classes of manufactured products, or it specializes in high-
er value products for external trade. In either case, the manufacturing sec-
tor must remain and grow if a viable Canadian economy is to continue. Thus
we have assumed that the share and structure of energy demand in this sector
will be similar to today's and, therefore, that the proportion of energy used
by the third of the economic sectors—services—will remain steady as well.

TO THE YEAR 2025 -

For the 2000 to 2025 time frame, we have assumed only a 2 per cent aver- ™
age annual growth in the Canadian economy. The turn of the century is likely
to be accompanied by significantly decreasing population growth rates and,
therefore, the rate of new entrants to the work-force will fall off during
this period relative to 1975-2000. Furthermore, we can foresee a shift in
society's priorities away from economic productivity increases twenty-five
years down the road towards personal services, health care, education, cul-
ture, and so on. For these reasons and because of the unpredictability and
hazy nature of the long term, we have chosen to reduce our average annual
growth assumption for Canada from 3-5 per cent to 2 per cent for the 2000-
2025 period, making the job of providing energy still easier.

IN CONCLUSION: OPTIMISTIC OR PESSIMISTIC?

There are some who will find our projected rate of economic growth rath- •
er dismal. It is not an exciting prospect for as we have shown, it will prob- I
ably allow us to do no more than continue the present levels of unemployment.
However, there is one possibility which may yet reveal such a growth rate to
err on the side of optimism. Consider that in the wake of the oil price in- 1
creases of the past six years, economic growth rates in most industrialized B
countries have declined.^ We have assumed that higher energy prices—within
reason—do not explicitly reduce economic growth prospects, but they might.
Just one more problem to bear in mind. I

I



Chapter Four

LIMITING DEMAND WITH LIFE-STYLE CONTINUITY:
30 PER CENT CONSERVATION

The extent to which economic growth and energy supply may be reconciled
is partly a function of the efficiency of utilization. "Stretching a buck"
is as important in energy as in finance. In this study, we have calculated
that it is possible to reduce the ratio of energy consumption to GNP from 1:1
in 1975 to 1:0.70 in 2000. In essence, this says that in twenty-odd years we
will require only 70 per cent as much energy to generate an average unit of
GNP as we do at the present time. Putting it positively, this means roughly
a *»0 per cent increase in our end-use energy efficiency* This figure is the
result of broad sectoral calculations based on the existing Canadian situa-
tion and estimates of the prospects for further conservation.

Such estimates are inevitably a matter of controversy. They represent a
judgement about the outcome of a highly complex mixture of forces at work in
society including technology, economics, and values. It is not possible to
improve energy efficiency without taking all these factors into account. Let
us now turn to the two components which may yield savings: the energy deliv-
ery system, and the final users of energy.

THE ENERGY DELIVERY SYSTEM

Throughout this study, we relate GNP to secondary energy, for it is that
which finally interests most of us. But there is as well the efficiency of
the energy delivery system itself—the amounts of energy consumed in the pro-
duction and delivery of energy to consumers„

The yardstick for measuring the efficiency of the energy delivery system
is the primary/secondary energy ratio. This is a fair index of the losses be-
tween natural resources and useable products» Unfortunately, for almost
every form of energy, these losses are likely to increase in the future. For
example, natural gas from the Arctic—upon which we may come in time to de-
pend more heavily—is further removed from its markets than is the currently
consumed western Canadian gas. The best hydro sites having been developed,
future hydroelectric!ty will come from increasingly distant locations. In
short, as a general rule, the best or cheapest resources are exploited first,
leaving the poorest and more expensive for the last. This particularly af-
fects capital costs—the resources that must be deployed and paid for before
any production of energy can begin.

It is not impossible to imagine improvements in the efficiency of the
energy delivery system, such as by superconductors for electricity transmis-
sion, but we doubt they will have any significant impact in the next twenty
years. On the whole, there is more evidence to suggest that the ratio will
deteriorate, as it has done in recent years. However, rather than try to de-

31
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rive an aggregate figure, we have chosen to treat this deterioration as costs ,
associated with the production of each of the various energy supplies we dis- I
cuss throughout the study. This means that for the purposes of conservation *•
in this chapter, the burden of increased efficiency in overall energy use
will rest with end-users or consumers. 1

THE EFFICIENCY OF THE CONSUMER j.

The ability of our society to do the same or more with energy is a func-
tion of the complex interplay of technology, economics, and values and insti-
tutions. Technology embodied, for example, in the insulation of buildings, I!
creates possibilities and at the same time d;stinct limits to savings. £co- I
nomics tells us whether or not any particular application of technology will
pay for itself. And values and institutions determine, apart from what is 1
possible or affordable, whether we will choose to do these things.' f

The conservation values we have derived are within known technological „
capabilities. This means that the essential determinants of the realization I
of these savings will be economics, and values and institutions. "

We will stay within the framework of the broad economic assumption given i
earlier that energy costs should not account for more than 10 per cent of GNP, I
a level 50 per cent higher than at present* This sets an upper limit on the
projected rise of energy costs, against which the return on conservation may •
be "tracked." We project an energy demand price elasticity of -.9 over our 1
total price movement range, which means that a price increase of 50 per cent
will depress energy demand by 30 per cent per unit of output.2 This, in turn,
governs the conservation investment rate. It must be said that we are taking I
an optimistic view of the power of conservation, since the typical range of ™
price elasticity is -.2 to -.6. This is in conformity with the overall bias
of our assumptions* i

Finally, our conservation values represent a compromise between the de-
sire to save energy, on the one hand, and life-style continuity, on the other, B
Although the savings are substantial, they do not, in our judgement, require f
radical changes in the life of the average Canadian. It is, for example, pos-
sible to insulate the average detached house far better and produce a more
energy-efficient car without eliminating either. We calculate that these I
savings are possible however achieved, whether by government regulation or I
market forces.

In turning to our sectoral calculations, it should be borne in mind that, |
unless specifically stated, these conservation estimates are within demand
sectors and subsectors, and do not include intersectoral substitution. For .
example, aircraft-energy conservation means energy savings by aircraft per I
s e a t — o r ton-mile; it does not mean energy conservation achieved by substi-
tuting less energy-intensive train s e a t s — o r ton-miles—for their aircraft
equivalents. However, this type of substitution is examined below and in I
chapter 7. I
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SAVINGS BY SECTOR3

The Residential and Farm Sector

The total savings potential in this sector is about 35 per cent. This
is not just space-heat demands but also lighting, appliances, and so forth.
For space-heat conservation, the appropriate technique is improved insulation
of walls and ceilings and improved efficiencies of home heating equipment
such as furnaces. We assume an average seventy-five-year life expectancy for
houses and farms and therefore that about a third of this stock would be "new"
by the year 2000.^ Through the widespread use of improved insulation tech-
niques and more efficient furnaces, this new stock would require only half as
much energy per square foot of living space. Through retrofitting, the ener-
gy consumption of the remaining two thirds of the stock could be reduced by
about 25 per cent. Taken together, these savings would amount to about 35
per cent for the sector as a whole.5

Why cannot more than this be achieved? There is a practical limit to
the effectiveness of insulation set by, among other things, air renewal re-
quirements and infiltration." There are other technical difficulties. For
example, the normal construction of Canadian houses allows for a certain tol-
erance to permit adjustments for temperature changes. However, an outstand-
ingly well-insulated house could create significant temperature differences
between an inside ceiling and the roof space immediately above it. If these
exceed the tolerance designed for the house, they may lead to cracks in
joists, waves in ceilings, and build-up of moisture harmful to the materials
of the house.' Retrofitting presents even bigger problems. For example,
many of the older buildings in Canadian cities are solidly built of brick or
masonry, allowing no free space for insulation. The thermal resistance of
the walls is very low, a fact which reflects building codes enacted when the
perceived social problem was the danger of fire rather than energy shortages.

A saving of 35 per cent in lighting and appliance use is possible. Flu-
orescent lights are three times more efficient than conventional incandescent
bulbs. If all new houses were constructed to take advantage of them, with a
small number (10-20 per:cent) of retrofit installations, it would reduce
lighting demands in the residential sector by 35 per cent by 2000. Generally
speaking, all appliances will have been replaced by 2000, and the newer de-
signs are therefore a fair measure of potential conservation, about 35 per
cent, possibly even slightly more."

What about the "mix" of residential construction? Row-housing and apart-
ments use about 40 per cent less energy per unit of living space than single
homes. We assume that whatever changes occur to the mix, the effect on ener-
gy consumption will be neutral, or equivalent to the current mix continuing
but with average living areas per dwelling increasing in accordance with real
economic growth.9 Of course, there is no question that greater savings can
be achieved through people's willingness to accept smaller and denser accom-
modation, but because that represents an important change in life-style, we
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do not allow for it here. In chapter 7 we will examine the costs and conse-
quences of such changes in living habits. |

The Commercial Sector _

The potential for conservation is calculated here at 30 per cent—slight- *
ly below the residential and farm sector.'0 This reflects the somewhat slow-
er turnover of commercial capital stock—on average every one hundred years. fc
It m a d e commercial sense to build larger and more d u r a b l e buildings at a time I
of sustained economic growth, for example, 19^5-1973, and there was the pres-
tige factor to take into account. However, this now implies less replacement |
of buildings in this sector and, hence, less opportunity to introduce more I
energy-saving construction.

The potential for space-heat energy conservation in the commercial sec- I
tor is more difficult to determine than for residences. Many large office *
towers (so familiar on Canadian cities' skylines nowadays) are so thermally
inefficient that even on cold days the air-conditioning has to operate to f
cool the central locations while heating is required at the periphery. Wheth- |
er this can be readily improved by better ducting, faster air circulation,
and so on, is unclear. It depends on specifics of thermal characteristics, &
construction design, ease of access to heating/air-conditioning systems, size I
and number of windows, type of heating and cooling system used, materials,
even location of elevators and other electrical equipment. There are many
older, solid buildings in the downtown core which have other energy problems. I
They are usually cold in the winter and hot in the summer. In forecasting 1
lighting and other energy demands, we have assumed a 30 per cent reduction in
installations, rather than any gain in efficiency. Holt Renfrew S Co. Ltd. I
is an example of a company which has successfully introduced such a light- |
reduction programme.

I
For this sector, which comprises the entire realm of raw material produc- I

tion and manufacturing, we derived a conservation rate of 25 per cent by the I
year 2000. It is somewhat below the rates for the first two sectors because
industry, as an exceptionally cost-conscious sector, has probably already af- •
fected many savings. To what extent it can save still more is open to debate. J
In arriving at our figures, we reckoned on moderate technological change in
industrial and raw material extraction processes. The concept of "co-genera- .
tion"—the use of waste heat from the generation of electricity--has been sug- I
gested as a source of substantial savings in the industrial sector. Roughly "
two thirds of the total energy content of nuclear and fossil fuels is lost as
waste heat in the conversion to electricity; if the generating capacity were |
built next to industrial facilities or residences, a portion of this loss I
could be recovered in the form of hot water for space and industrial heating.
This might substantially increase the energy yield of electrical generation. i
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Unfortunately, co-generation, would require substantial changes in the de-
sign of both our energy and industrial sectors. At present, relatively low
fuel costs and economies of scale in generating plants discourage co-genera-
tion. It would require close management, attention to day-to-day operations,
and a necessity—the siting in close proximity to energy producers and con-
sumers. 11 In North America, generating plants have often been well separated
from other complexes for reasons of costs, convenience, or health. This
means that co-generation is really an option only for new complexes using nu-
clear or fossil fuel electricity generation—in short, a very limited applica-
tion.

The degree of conservation that can be expected from specific industries
—for example, pulp and paper or mining and smelting—will vary. Nonetheless,
we averaged this out to a 25 per cent saving by the year 2000 for the entire
industrial sector. This is drawn from available estimates. Energy Conserva-
tion in Canada (Energy, Mines and Resources, 1977) estimates there can be 3
12 per cent efficiency gain between 1972 and 1980 in industrial energy, and
between I98O and 1990 another 12 per cent. We have accepted these estimates
and extrapolated one more decade to 2000.'2

The Transportation Sector—"The Car"

The greatest potential for energy conservation in the transport sector
lies with the car. This is crucial because of the very substantial propor-
tion of oil — in North America about h0 per cent—which goes to the running of
cars, and because there is no apparent replacement for oil in this applica-
tion. For this reason, the car is both vital and vulnerable to our energy
future. We have projected fuel consumption per mile to be reduced by h0 per
cent by the year 2000. United States energy plans for automotive mileage
standards, and the already high (35mpg or more) rates of many Japanese and
European cars—which together will determine Canadian performance—make this
seem a realizable goal.13

We should look in a bit more detail at several of the alternative ways
in which the car could be made more energy efficient. The first—certainly
the best-known today—is "down-sizing." However, car size is not—to use the
economists' jargon—perfectly elastic. There are cultural constraints. In
North America, the car must carry in reasonable comfort Momma, Poppa, two
kids, Grand'ma and the dog, along with their luggage, for a ten-day holiday.
If a car which can do this becomes impossible, then one part of the North
American way of life also becomes impossible. For this reason, we regard the
1979 intermediates, for example, Chevelle, as probably an optimum design at
current costs and with existing technology, allowing achievement of signifi-
cant fuel savings with continuation of the traditional uses of the North Amer-
ican car.

Fuel consumption is closely related to vehicle weight, and so the use of
new materials such as aluminium and plastics has some potential for energy
savings. The drawback, in the short run at least, is that cars made wholly
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of these products would cost as much as 50 per cent more than today's cars.

The same obstacle of high cost confronts most breakthroughs on the en-
gine front. Gas turbine engines, for example, could run on any fuel (such as
alcohols/methanol) but the cheapest version today costs $20,000, far beyond
the average family's means. The electric car may be economical overall be-
cause of reduced maintenance and fuel costs, but the purchase price would be
higher, and even with the nickel zinc battery, these cars are strictly for
short-haul, urban use. They are no substitute for the gas-powered vacation
mobile. Nonetheless, in our estimate of possible savings in the transport
sector, we have assumed some penetration of the car market over the next twen-
ty years by these vehicles, and their impact is promising after the year 2000.

In our view, the greatest promise for savings is what also seems to be
taking place—specialization. This means households owning or otherwise
having available to them more than one car, each to be used in the most effi-
cient way. Thus the large station-wagon would not shuttle back and forth to
the office each day but would be confined to such things as family outings,
the annual vacation, and moving furniture. Day-in day-out car use might well
be concentrated in the compacts which are high on efficiency, not so high on
comfort. In this way, the North American life-style might, with certain ad-
justments, be continued.

Finally, we must note that in conformity with our requirement for life-
style continuity, we allow for no significant switch from the car into public
transport modes. In our terms, that would represent a change in life-style.
We examine this possibility, however, in our "super-conservation" scenario in
chapter 7.

The Transportation Sector—Non-Car

In all other transport modes besides the car, we allow for modest
savings because they are already rather efficient. However, we do foresee
some movement away from pure jet airplane to turbo-prop aircraft,'5 at least
for travel up to 250 miles, and some technological advances in truck engines'"
and railway locomotives. In addition, there are minor but significant econo-
mies possible in improved operational techniques in these modes. We estimate
that these developments could yield a 20 per cent saving overall.17

THE LIMITED POTENTIAL OF INTERSECTORAL SUBSTITUTION

What about an entirely different component of conservation, a shift to a
mix of less energy-in tensive activities or what is called intersectoral sub-
stitution? In fact, the opportunities for an acceptable but less energy-
intensive demand mix are very limited within the context of continuing the
existing life-style, or anything like it. When one saves energy, one also
saves money. We remind the reader that in this study, we have set 3-5 per
cent economic growth as the minimum acceptable figure, meaning that any finan-
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cial savings in energy consumption must be respent or reinvested consistent
with that level of economic growth. Beyond this point, the choice is not be-
tween spending or not spending, but between different items of expenditure.

If the money is spent, the question becomes: "on what?" If it is as
energy intensive as what was saved in the first place there will be no fur-
ther gain in energy conservation by this change in the demand-structure mix.
Suppose a man switches from his car to a bicycle. He saves energy. He also
saves money. Depending on how he respends that money, more energy may be de-
manded and any gain easily wiped out. Total energy demand could even in-
crease.'" The figures we have provided for savings in the various economic
sectors explain why. They reveal a slightly greater potential for savings in
the home or in .the car than in other sectors. It follows from this that if
people switch income or expenditures from these uses to, say, consumption of
manufactured products (industrial sector goods) or more services (the commer-
cial sector), the net effect would be to reduce slightly the society's capac-
ity to conserve energy.

For this reason, we are as well off to assume no change in the structure
of demand. The social and technological systems we commonly rely on in our
daily lives at present—the job five days a week, the car, the family home,
our usual recreations, and leisure time activities—are as promising as any
from the standpoint of energy conservation within themselves, and any project-
ed changes in patterns of consumption are as likely to make the problem worse
as better. Of course, it is possible to generate savings greater than this,
including by intersectoral substitution, if we are prepared to accept signifi-
cantly lower than 3-5 per cent economic growth—as we shall see in chapter 7.

TO THE YEAR 2025

As in the case of our economic growth projections, we have developed our
conservation forecasts beyond the year 2000, to 2025. Here, especially, we
caution the reader that unanticipated technological or social changes could
invalidate our projections. Because substantial savings will (or should) al-
ready have been accomplished in the previous twenty years, there will be less
opportunity for more in the succeeding period. Much energy conservation is a
one-shot thing—turning down thermostats, less lighting, retrofitting, and so
on. Only if we restructure our life-style through still lower economic
growth can substantially greater savings be achieved.

We arrive at an additional 10 per cent savings for secondary energy by
the year 2025, simply by projecting the turnover for the residential, farm,
and commercial sectors another twenty-five years into the future. In the in-
dustrial sector, we allow for an improvement in the energy saving rate to 35
per cent from 25 per cent, which is a continuation of the same trend. A pro-
jected 10 per cent increase to a 50 per cent conservation level for the auto-
mobile by 2025 is based on further technological advances such as the gradual
introduction of weight-saving materials and the appearance of new, more effi-
cient engines. In other transport modes, we allow for still smaller gains,
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I
only raising the savings to 25 per cent from 20 per cent.

I
ADDiNG IT UP: THE SAVINGS FROM 3.5 PER CENT ECONOMIC GROWTH AND 30 PER CENT
CONSERVATION ^

The combination of 3.5 per cent economic growth and our projected 30 per
cent conservation rates would have a substantial impact on Canada's total en-
ergy demand by the year 2000. Figure 4.1 represents this in a striking man- 1
ner. It shows that under these conditions, total secondary energy demand m,
would be 8.4 quads rather than the 17.2 quads which the "stretching the past"
scenario leads us to. In short, we have virtually halved projected energy B
consumption. •

Even so, we discover that it will still be quite impossible for oil to „
maintain its current share of our energy base. To do so would still require •'
4.8 secondary oil quads—57 per cent of total secondary demand—an amount far ™
in excess of the 2.5 quads secondary (3.0 quads primary) we have projected as
being available in the year 2000. Figure 4.2 illustrates that all sources of E
supply have simply been scaled up in proportion to the 1975 mix so as to pro- (
vide the total 8.4 quads.19

According to our reckoning of its availability, oil can supply only 30 •
per cent secondary (23 per cent primary) of our moderated energy demand in
the year 2000. When one looks closer at the sector-by-sector demand for oil
— a s shown in figure 4.3—we see that there will be barely enough to supply 1
the transport sector in the year 2000 and only two thirds of the demand of •
that sector in 2025- In short, it is clearly the case that even with reduc-
tions in demand which, in our opinion, are fairly ambitious, oil will be a 1'
diminishing force on the Canadian energy scene. Its decline amounts to some (
2.3 quads (secondary) a year or 27 per cent of total secondary energy demand.
That amount, in addition to the share of our energy base which is not now sup- «
plied by oil, must somehow be provided by other energy sources. If this I
proves impossible, we must then accept the necessity for more radical reduc-
tions in demand.

I
I
I
I
I
I
I
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Chapter Five

EXPANDING FAMILIAR SUPPLIES: NATURAL GAS

Tabie 5-1 summarizes our study to this point. The problem, as we have
described it, is twofold. On the one hand, oil will supply a diminishing
share of our energy needs over the next twenty years* On the other hand, we
have wanted to minimize the impact of this on the Canadian life-style and
therefore have projected a reduced demand still consistent with that objec-
tive. This leaves oil providing 30 per cent of secondary demands and about
23 per cent of primary energy in the year 2000, substantially less than the
57 per cent and kj> per cent, respectively, supplied in 1975. How is this to
be made up?

It is obvious that any search begins with the nearby, the familiar, and
the most likely. Only when those are exhausted do you turn to the less acces-
sible, the unfamiliar, and the improbable. So it is in our study.

We begin our study with those conventional supplies—gas and electricity
—which besides oil already provide a major part of Canadian energy require-
ments. We ask of each of them what contribution it can be expected to make
in the year 2000 consistent with our range of price movement—50 per cent
real increase—and our provisional energy investment ceiling of 7 per cent.
Let us now turn to the first of these supplies—natural gas.

THE GAS FIX—NOT WORKABLE

Natural gas supplied 23 per cent—1.17 quads—of Canadian secondary ener-
gy in 1975- Total primary production, including exports to the United States,
was 2.7 quads. Virtually all of that gas was used to produce heat-~75 per
cent in space heat and 25 per cent industrial process heat.

If gas were to maintain its current share of the market, under our as-
sumed conditions of 3.5 per cent economic growth and 30 per cent conservation,
it would have to supply 1-93 quads secondary (2.70 quads primary) energy in
the year 2000. If in addition it were to supply the gap left by oil, the to-
tal contribution by gas would be h.2 quads secondary (5-8 quads primary). We
have called this the "Gas Fix," and it is illustrated in figure 5.1- For s
number of reasons, we think it is quite out of the question.

The gas fix would require supplying virtually all of the country's heat-
ing needs from this one source. This is impossible not least owing to high
costs. The pipeline network would have to be extended to virtually all in-
habited areas of Canada, excepting only the most isolated. Because pipeline
costs are highly sensitive to demand density they would be prohibitive under
these circumstances.' In our judgement, based on examination of regional gas
consumption, it is not practical to supply more than 75 per cent of our total



44 Table 5.1

SUMMARY OF 1975 CONDITIONS AND
"LIFE-STYLE CONTINUITY" PROJECTIONS

- - . - . . ' • - - •

Population (millions)

GNP (1975 S)

GNP/Capita (1975 $)

GNP Growth Rate f :

Baseline Conservation
Projections by Sectors
(% savings per unit of
output):

Residential and Farm

Commercial

Industry

Automobile

Bus, Truck, Rail, Air
and Marine

TOTAL (average)

Secondary Energy Demand
(quads per year)

Secondary Energy Demand
(average annual rate of
growth)

Index Ratio of Secondary
Energy to GNP

Annual Capital Expenditure
on Energy at 4.5% GNP
(current proportion of GNP:
constant 1975 $)

Annual Capital Expenditure
at 7% of GNP (provisional
investment constraint)

BASELINE

1975

23

165

7240 .

4.8%
(1951-1971)

5.1

5.4%
''960-1975)

1.0:1

$ 7.4 billion
(actual capital
expenditure in

1975)

"LIFE-STYLE CONTINUITY"
PROJECTION

2000

28.6

390

13600

"-.3.5*'

35*
30%

25%

' 4o%

20%

30%

8.4

2.02%

0.70:1

$ 17.6 billion $ 28.8

$ 27.3 billion $ 44.8

GROWTH

2025

34
640

18800

2.0%.

45%

37%

35%
50%

25%

39%

12.1

1.47%

0.61:1

b i 11 i on

bi11 ion

I
I
I
I
I
I
I
I
I
I
I
I
I
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FIGURE 5.1

"The Gas Fix"
(Oil Constrained, Natural Gas Substituted)
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I
heat requirements by natural gas even if adequate supplies were forthcoming.
As it happens, such a quantity of supply is not likely to be available. H

GAS RESERVES

•
There is considerable uncertainty about the ultimate Canadian reserves •

of natural gas, perhaps more so than with oil. At the end of 1975, the prov-
en reserves in currently producing areas were 59 trillion cubic feet, and m
this figure has changed little since then. The figure we accept for remain- •
ing ultimately recoverable reserves in the established areas, including prov-
en reserves, is of the order of 110 trillion cubic feet.2 As table 5-2 re-
veals, our estimate is slightly optimistic when compared with figures pub- •
lished by Energy, Mines and Resources and the Alberta Energy Resources Conser- •
vat ion Board.

I
The critical uncertainty exists in estimates of the natural gas poten- |

tial in new areas including the "Deep Basin" under the Alberta-B.C. border,
the Mackenzie River delta and points north, and the Atlantic shelf. As table «
5-3 shows, this potential may range from a low of 15 trillion cubic feet to a I
high of several hundred trillion. Of special interest is the potential of
the Deep Basin. If the optimism of Canadian Hunter (the firm most closely as-
sociated with mapping this resource potential) turns out to be justified, up I
to 200 trillion cubic feet of gas may be producible at an acceptable price to m
consumers (about $3 per thousand cubic feet).3 On the other hand, the fron-
tier areas seem to have become less promising in recent years. This is prob- •
ably due as much to new production and transportation cost estimates as to £
the failure of exploration to reveal satisfactory amounts of gas. Whether
the gas is transported by pipeline or liquified and carried by ship, the de- _
livered cost could conceivably be as high as $5 per thousand cubic feet, and •
this would be outside the economic limits of our provisional cost constraints.

Our estimate of ultimately recoverable reserves in new areas is 1A0 tril- I
lion cubic feet. To this we add the 110 trillion cubic feet already accepted I
for established areas to derive a total ultimately recoverable gas reserve of
250 trillion cubic feet. This represents our best judgement of the probable •
amount which the Canadian economy could rely on over the next fifty years. I
Obviously, this figure will be influenced by the costs of producing and dis-
tributing the resource, but we will discuss this a bit later under our pro-
jected production curve. I

EXPORTS •

No subject in the energy field excites more interest and controversy at
the present time than the export of natural gas. Obviously if we choose to _
export these reserves they cease to be available for domestic consumption, •
and in that sense must be subtracted from our reserves, whatever other bene-
fits exports may confer.

I
I



Table 5.2

CANADIAN NATURAL GAS RESERVES IN ESTABLISHED AREAS

"The Next Twenty Years" Estimates

1. Proven reserves 31 December 1975 59 TCF

2. Remaining ultimate recoverable reserves,
including proven and all expected future discoveries 110 TCF

Other Published Estimates of Remaining Ultimately
Recoverable Reserves

National Kncrgy Bocwd (NEB)

1975 Gas Report

1977 Pipeline Hearings

Energy, Mines and Resources
{Oil" and Natural Gas Report, EJ> 77-1, 1976)

ftt 90% probability

ftt 50% probability

At 10% probability

Submissions to NEB 1978 Gas Hearings
(Estimates adjusted to 31 December 1975)

Canadian Petroleum Association

Shell Oil

Alberta Energy Resources Conservation Board

Polar Gas

Imperial Oil

Gulf Oil

Dome

Alberta Gas Trunk Lines

Amoco

89 TCF

Sh TCF

95 TCF

107 TCF

127 TCF

84 TCF

103 TCF

105 TCF

107 TCF

Uk TCF

117 TCF

152 TCF

195 TCF

200 TCF



Table 5-3

CANADIAN NATURAL GAS RESOURCES IN NEW AREAS

"The Next Twenty Years" Estimates

1.

a.

b.

c.

Proven as of

Mackenzie Delta-Beaufort Sea

Arctic Islands

Deep Basin

Total Proven

2.

a.

b.

c.

1977

5.3
7-3
3.0

15.6

Ultimately Recoverable Reserves

Deep Basin at current prices

Additional Deep Basin at S3/MCF

Frontier/Arctic

Total

50

75
15

]ko

TCF

TCF

TCF

TCF

TCF

TCF

TCF

TCF

(NEB)

(NEB)

(Canadian Hunter)

Other Published Estimates of
Ultimately Recoverable Reserves

Energy3 Mines and Resources

Mackenzie-Beaufort,

At 90% probability

At 50% probability

At 10% probability

Arctic

Canadian Hunter Submission

Resource in place:

"Recoverable":

estimates^

Islands

to 1978 NEB

a. Under Alberta

b. Under Foothill

a. At

b. Add
wel

Report EP 77-1

170

251

I, 1976)

TCF

TCF

TCF

Gas Hearings—Deep Basin

Plains M0

s kkO

$1/MCF well-head cost 50

itional at
1-head cost

$2/MCF
150

TCF

TCF

TCF

TCF

I
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As of \315t Canada had committed 12 trillion cubic feet for export to
the United States. In 1979 an additional 2 trillion cubic feet was identi-
fied by the National Energy Board hearings for a total of 14 trillion. These
commitments will terminate by about 1990. The assumption of our study is
that no additional commitments will be made.

There are of course reasons for and against exports. If a Canadian sur-
plus exists, why not earn foreign exchange with it? The difficulty is that
the surplus may not be real, at least in the longer run. It represents only
the calculated excess of producibi1ity over domestic needs for the next de-
cade or so. Beyond that may lie shortages for Canadians.

If there is a surplus, why not expand natural gas markets in Canada rath-
er than export? The reason lies, among other things, in the fact that
Montreal oil refineries, for complex economic reasons, produce an unusually
high proportion of residuals which have no use other than for heating.^ This
in turn distinctly limits the market for natural gas, but as the Canadian
price of crude oil rises—and it is federal government policy to let it do so
—this problem will gradually disappear. In the meantime, in the short run,
the natural gas surplus persists. We assume here that natural gas will not
be exported beyond present commitments but, because the present "bubble" is
relatively small and likely to be short-lived, that it does not much matter
what we do with it. Canada will need 600 quads or more of primary energy
over the next fifty years: 2 quads (2 trillion cubic feet of gas exports)
will make small difference either way. Security of supply will result from a
sound national energy policy and not from reserving every last cubic foot of
gas for domestic use.

ADDING IT UP: OUR PRODUCTION CURVE

To summarize, our estimates of probable domestically available natural
gas is about 236 trillion cubic feet which we arrive at by reducing our fig-
ure for ultimately recoverable reserves—250 trillion cubic feet—by the
amount of committed exports—\k trillion cubic feet. The question then be-
comes, what production of gas over the next twenty years do such resources
allow?

If gas were to fill the oil gap, as well as maintain its existing share
(the "Gas Fix"), its primary supply would have to be raised to 5.8 quads by
the year 2000, as shown in figure 5-2. Total production in the period 1975-
2000 (including committed exports to the United States) would be about 136
trillion cubic feet, that is, about half the assumed ultimate reserves and 20
per cent more than the 110 trillion cubic feet of reasonably assured reserves.
This production cycle implies an unrealistically rapid rate in the discovery,
production, and transportation of the gas. Moreover, production would begin
to decline rapidly some time after the year 2000, resulting in an energy prob-
lem that would be far more serious than the one we face today. A complete
gas fix is as much a "straw man" as 5 per cent energy growth.
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A more realistic (and safer) production cycle is represented by the sol-
id line of figure 5.2, the "Gas Optimum." This cycle peaks in the year 2025
at 3 quads per year. Cumulative production in the period 1975-2000 (includ-
ing committed exports to the United States) is 65 trillion and 136 trillion
cubic feet in the total period 1975-2025. The cycle nearly coincides with
previous projections by the National Energy Board of the next ten to twenty
years.5 Although this schedule does not fill the oil gap, it has other mer-
its. It imposes no extravagant exploration and production costs—that is,
raising the price of gas outside our working range of price movements—and it
offers protection in case no large new discoveries are made. It has one
other important merit: it allows the option of conserving natural gas for
more valuable uses than the, production of heat. We shall investigate this
new option later in the chapter.

A production curve peaking in the year 2025 at 3.0 quads primary and at
2.6 quads primary in 2000 would generate 1.88 quads secondary in the year
2000. That represents a growth rate in domestic consumption of about 2 per
cent per year. Gas would contribute, mainly in the form of residential and
commercial space heating, about 22 per cent of our secondary energy base in
the year 2000, virtually the same proportion as in 1975. Beyond the year
2000 we assume that the higher cost Deep Basin gas and some frontier gas will
be available to allow expansion of domestic gas markets.

We estimate the standing capital equipment required to produce 2.6 prima-
ry quads of natural gas in 2000 would cost $15 billion, assuming 60 cents per
1000 cubic feet capital charges on a mixture of lower cost Alberta gas and
some Deep Basin or frontier gas. This means that by the year 2000 it would
cost $1.5 billion annually to pay the carrying charges on this capital. Gas
is slightly less expensive than oil, primarily owing to the assumption of ad-
equate reserves from western Canada in the 1975*2000 time frame.

AN INTERESTING POSSIBILITY: NATURAL GAS FOR HYDROGENATION

There is another reason against the use of natural gas to fill the oil
gap, even if all other arguments were in favour of doing so. Natural gas is
the cheapest source of hydrogen. Such hydrogen is essential in the produc-
tion of liquid fuels from coal or wood, and in the upgrading of bitumen from
the tar sands. We might want to make such fuels. Suppose half of our pro-
jected gas supply or 120 trillion cubic feet, which is worth about $240 bil-
lion at current prices ($2 per million Btu or per thousand cubic feet), were
allocated for hydrogen to produce 100 quads of methanol from forest and bio-
mass wastes or coal. As a gasoline and diesei fuel substitute, it would be
worth $700 billion at $7 per million Btu (equivalent price of gasoline at $1
per gallon). This methanol could be used in Canada in the next thirty to
fifty years or it could be exported to make a major contribution to the coun-
try's future balance of trade.

Although we assume for the time being that all natural gas is used di-
rectly in the domestic market (save the 14 trillion cubic feet forecast for
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exports), when we have established Canada's energy supply options, we will re-
view this "interesting possibility" to see if it should receive a priority m
rating. . I
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Chapter Six

EXPANDING FAMILIAR SUPPLIES: ELECTRICITY

To summarize the argument to this point in the study, we have found the
oil gap cannot be eliminated with natural gas. Our estimate is that gas,
within our price limits, will do well to maintain its current share of the
secondary energy market in the year 2000, about 20 per cent. We remind the
reader that this estimate allows for very substantial moderation of demand.
Clearly, some other supply or combination of supplies—or more radical reduc-
tion in demand—will be required to bring energy supply and demand into equi-
librium during the next twenty years- We now turn to the next candidate for
doing this job: electricity.

THE ELECTRICITY FIX—NOT WORKABLE

Electricity is a high-quality and, as we shall see, high-cost form of en-
ergy which is valued for its convenience, cleanliness, and selective utility.
It is applied to lighting and other electrical equipment in the house and of-
fice, sometimes to the provision of space heat and hot water, and of course
is the energy running electric motors.'

Once again we begin by asking whether electricity can supply both its
own current share of Canada's secondary energy market, about 15 per cent as
well as the void left by oil, in total about kk per cent of secondary energy
demand. Again we begin by concluding this is not possible. The "Electricity
Fix" is not workable. The 3*68 secondary quads of total electricity which
would be required as shown in figure 6.1 are simply not affordable.

It is not for lack of physical resources such as uranium or coal and
suitable hydro sites that the electricity fix is ruled out,2 but because it
is beyond the financial capacity of the country to bear. We calculate that
the electric plant necessary to generate 3-68 quads is 271 million kilowatts.3
At $1200 (constant 1975 dollars) per kilowatt, the total capital would be at
least $325 billion.21 The annual capital charges on this sum would be $32.5
billion at 10 per cent per annum total carryirig charges for the use of the
capital. This alone represents 8.33 per cent of our projected GNP of $390
billion for the year 2000.

But the plot thickens. High as this cost may seem, it is still an under-
estimate! For, as figure 6.1 shows, the application of this amount of elec-
tricity would inevitably include a considerable amount of space heating—over
70 per cent—by this means.

Unfortunately, any substantial increase of electricity's share of Cana-
dian secondary energy supply must occur in the space-heating application.
The reason for this is that there is simply no other application which offers
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comparable opportunities for expanded use. In the case of the transportation
sector we allow for some development of the electric car, but even this mod-
est amount must be judged optimistic. The only other, sector to which elec-
tricity might be applied—industrial heat—generally requires large, concen-
trated amounts of the cheapest possible fuel and therefore, on the grounds of
cost, electricity is simply not competitive.5 And so as we have said, this
leaves space heating as the one major candidate for the increased application
of electricity.

If electric heating in the year 2000 is done using presently known tech-
nology and methods, such an expansion in its use would result in a further de-
terioration in electric plant utilization—the "capacity factor." Under
these circumstances capital costs for the electricity fix would actually ex-
ceed $400 billion. It would demand much more capital than even our current
level of investment in housing, and it would mean electricity capital costs
alone would exceed our 7 per cent provisional energy investment constraint.

WHY SO EXPENSIVE7--THE CAPACITY FACTOR

The capital demands of electricity are proportional to the required in-
stalled generating capacity; this in turn is determined by the energy output
(total kilowatt hours) and by the percentage of time the plants operate—the
capacity factor.6

The costs of electricity are thus a function of the efficiency of the de-
sign of the system and the efficiency with which it is employed. Because the
prospects for improvements in design are distinctly limited—as reflected in
our discussion of primary energy conservation—we must turn to the utiliza-
tion of the electricity system as the only hope for improved costs. That
means the capacity factor.

While many kinds of equipment such as a car or a boat stand idle much of
the time, this idleness becomes insupportable when the equipment costs bil-
lions of dollars. Technically speaking, the demand has a low "load factor,"
and the equipment, a low capacity factor.

Most uses of electricity have a low load factor by themselves, but they
are random in nature and by virtue of the law of large numbers they result in
a more or less uniform overall load. Some large industrial processes such as
smelting, mineral processing, pulp and paper, and chemicals have high load
factors- But there are also some major uses of electricity that individually
have a high peak demand but a low overall annual load factor and, in addition,
are synchronized by some common external factor, for example, the electric
stove. It is used mainly at 8 A.M. and 6 P_Mi and sits idle much of the rest
of the time. Similarly, air-conditioning is a seasonal use. Recent trends
show a deterioration in the capacity factor. Since 1952 in Canada it has de-
clined from 65 per cent to 50 per cent. This reflects decreased availability
of the installed capacity and a relative increase in non-industrial electric-
ity uses, which tend to lower the system load factor and, hence, the generat-
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ing plant capacity factor.

The traditional uses of electricity (the "grid") may be assumed to grow I
at roughly the same rate as energy as a whole.7 We see no difficulty from •
either capital financing or resources to provide this electricity share in
2000. But it is the relatively new application of space heating which, un- k
fortunately as we have shown, is the only one with potential for huge new > (
electricity demand—and as we shall see, low load factor—that is likely to
create problems. For this reason we propose to look into it in some detail. *

SPACE HEATING IN CANADA

For the purposes of our discussion of electric space heating there are *
two principal characteristics of space heating in general that are decisive.
These are the total annual demand for heat and the peak demand on the coldest |-
possible day. §;

Total demand is normally represented by the annual heating degree days ^
while peak demand is determined by the extreme minimum temperature. These 1
two quantities determine the minimum annual load factor of the demand for
heat and, therefore, the capacity which must be designed into any space heat-
ing supply system. •

Table 6.1 shows these variables for a number of Canadian cities. The
numbers in column 3 show that for the bulk of the country's space heat, the |j
load factor lies in the range of 21.7 to 25.6 per cent with the average value f
at about 2k per cent.8 The significance of this figure is that the capacity
of the heating equipment (e.g., the oil furnace) will in the long run be used ~
2k per cent of the time on the average if it is designed to work at full ca- I
pacity during peak demand.

Figure 6.2 shows the variation of space-heat demand during the year for K
a number of Canadian cities. These curves are smooth long-term averages and 1
do not show the sharp winter peaks for which the heating system must provide.
The area under the curves represents the annual heat demand and reveals that m
much of this demand is near the base, for example, between 18°C, and 0°C. |
Sharp winter peaks add little to the annual heat load but demand nevertheless
a large part of the required heating capacity. The heating system must be de-
signed for the most extreme conditions however infrequently they occur. This I
point is brought out even more clearly by the curves shown in figure 6.3.
These curves show the cumulative degree days as the temperature is decreased
from 18°C. to the extreme minimum. 1

The remarkable feature of these curves is their steepness at the upper
end. About half the heating capacity is needed to provide a few per cent of •
the annual heat while a small part, about 2 kilowatts at the point of use, I
could provide half the annual heat for an average wei1-insulated house.

For oil and gas furnaces this is no problem because the equipment is I

I
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Table 6.1

CLIMATIC CHARACTERISTICS AND HEATING LOAD FACTOR

Column

Location

Vancouver

Edmonton

Winnipeg

Windsor

Toronto

Ottawa

Montreal

Quebec City

Halifax

St. John's

Inuvik

1

Annual 1
Degree Days
Below 18°C.

3031

5600

5864

3557 •

4058

A635J

4437

50 2 4

4io4

4798

10183

2

Extreme'
Minimum
Temp °C.

-18 \
-45

-45
-26

-31

"36...
: -38 5

-36

-26

-25

-57

3
Minimum Annual
Heating Load
^Factor, V

23-1

24.3

25.5

22.1

22.7

-23.5

"21.7

25.5

25.6

30.6

37-3

1. Source: Environment Canada. Readings are at local airports. The annual
degree days is the average over the period 1940-1970. The extreme minimum
temperature is not the lowest ever reached, but the lowest ever recorded,
based on one or two readings daily at fixed times.
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Heating Degree Day Curves for Various Canadian Cities
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FIGURf 6.3

Cumulative Degree Days fur Various Canadian Cities nml
Heating Capacity Required to Heat a 1400 Square Fool Well—Insulated House

CUMULATIVE ANNUAL DEGREE DAYS BELOW 18° C
(Constructed from Figure 6.2 and other data, as explained In text.)
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Icheap and most of the heating cost is due to the fuel. But it is the main

problem with electric heating. ^

Electric Space Heating

I
Electric heating is safe, clean, and comparatively cheap to install. It 1

is already widely used and is by far the largest single market for the future
expansion of electricity. Figure 6.4 shows how dramatically electricity has m
penetrated the space-heating marker, in the last ten years. In 1978, it heat- |
ed over a million dwellings and the rate of growth in that use has been 22
per cent per year. The graph also reveals how other heating fuels have fared* ..
Coal, with 57 per cent of the market in 19^7, has all but disappeared. Wood I
had a similar decline. Oil and gas now serve three million households each, "
with gas rising and oil declining.

But as electric space heating expands, the load factor on the electric |
system will decline, and the effect will be to drive the capacity factor low-
er and lower. M

We have indicated that if electricity were used to provide all space-
heating requirements—allowing for extreme minimum temperatures—the load fac-
tor would indeed be 2k per cent- Allowing for the normal reserve margin of I
25 per cent, this would result in a capacity factor of about 19 per cent if •
no other use was made of this generating capacity. This low capacity factor
would result in unit costs of the heating electricity two and a half times I
larger than present average electricity costs. In short, in the extreme case |
of the "electricity fix," space heating, with its huge volume, would dominate
the whole electricity system and its very low load factor would become char- m
acteristic of electricity as a whole. \ I

The big question—and it is a crucial question for our energy future—is
whether anything can be done about this. 1

THE OFFSETTING FACTORS—BUT HOW FAR? I

Of course there are other uses for electricity. The adverse effects of
space heating on the system's capacity factor have so far been minimized in _
the following major ways: I

K Load Diversity. The utilities can take advantage of the different
peaking times for heating and all other uses. Thus, the first electric heat- I
ers to be installed actually helped to fill the night "valley" of low demand I
resulting from non-heating uses such as by industry, household appliances,
and commercial equipment. Further, the winter peak for non-heating uses is •
in December while heating normally peaks in January, thus allowing for some I
idle capacity to be used for heating. In these ways it was possible to avoid
a large decline in the annual system load factor. However, as the amount of
electric heating increases, these opportunities diminish. Beyond a certain I



FIGURE 6*1)

Number of Households
by Principal Type of Heating Fuel in Canada

61

YEAR

Source: Statistics Canada, Household Facilities and Equipment, Cat. No. 64-202.
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Let us now look at the several component applications of electricity in
our scenario*

I
Ipoint, each new application adds almost its entire peak demand on top of the

overall system peak. (Note 1A, referred to below, gives specific details.)
Demand for new capacity then grows rapidly, the annual load and capacity fac- •
tors decline, and costs rise. This point had already been approached by some •
Canadian power systems .. 1975, although only about 5 or 6 per cent of the
country's space heat was then provided electrically. •

2. Load Management. The utilities can—and do—disconnect some loads
at times of peak demand or shift them to periods of low demand. This reduces »
system peak loads and improves capacity factor. I

3. Summer Uses. There are also strictly summer uses of electricity,
such as air-conditioning, which raise annual capacity factors and do not re- I
quire new capacity. Exports to the United States, whose peak demand is often I
in the summertime, can also help for the same reason. However, the potential
for further development of such compensating uses is unfortunately limited
owing to the relatively small size of such markets. 1

h. Climatic Diversity and Capacity Trading. If the coldest tempera- _̂
tures in an area served by a utility do not occur simultaneously, the total •
peak heating load is less than the sum of the individual peak loads. Also, ™
if peak loads for neighbouring utilities are at different times, they may
trade power. However, again unfortunately, extremes in heating demand tend B
to coincide over wide areas, and this limits much trading potential between I
utilities in the major parts of Canada as, for example, between Ontario Hydro
and Hydro-Quebec. m

Bearing in mind these methods of improving the capacity factor—or at
least slowing its deterioration—we now turn to an affordable electricity
scenario. In this scenario we are "buying" as much electricity as we can, I
given our price movement range and taking into account the use of electricity. ™

AFFORDABLE ELECTRICITY 1

We estimate that electricity can supply about 25 per cent of total sec- «
ondary energy demand in the year 2000, as shown by the scenario in figure 6.5- I
This includes a very substantial increase in the provision of space heating
by electricity from 5 per cent or 6 per cent in 1975 to 25 per cent in the
year 2000. We assume in this scenario that this space heating will be done I
by the present method of "al1-electric" heat,9 but advantage will be taken of I
any measures to improve the capacity factor and thus reduce costs „

I
1. Grid. The "grid" component in our scenario at 1»36 quads is the I

same electricity proportion of total secondary energy as it was in 1975-
This represents an absolute increase of 70 per cent. The total generating
plant required would be equivalent to 100 million kilowatts, at a capacity I

I
I
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Affordable E lect r ic i ty
(25% of Space-Heat ing; 10% of Transportation)

63

12

11

10

9

8

0£
LU

a.
in 6
a

8.43 ,

1.4<J

5.09
2.19 ELECTRI-

CITY

o.8i

1.15

0.23

2.91

ELECTRI-
CITY

NATURAL
GAS

XOAIT

ClL

GRID

SPACE
HEATING
INDUS-
TRIAL
HEAT
SPACE
HEATING

[TRANSPOR-
TATION

0.810.37

0.87
1.88

0.82

0.92
0J3

2.50

'GAP1

COAL

NATURAL
GAS

OIL

TRANSPOR-1

TAT ION
SPACE

HEATING (j 30

GRID
(includes^ «36
some space]

SPACE

INDUS-
TRIAL
HEAT

SPACE
HEATING

[TRANSPOR-
TATION

D.69

0.58
0.25

K45

0.23

1.51

K56

3.46

3.42

0.5?

2.17

2.50

12

"GAP"

ELECTRI-
CITY

COAL

NATURAL
GAS

OIL

UO7
1

TRANSPOR-
TATION

SPACE
HEATING

GRID

SPACE
HEATING
TRANSPOR-
TATION

INDUS-
TRIAL
HEAT

R/S FUEL

SPACE
HEATING

TRANSPOR-
TATION

1.60

1.86

1.95

0.82

0.65

2.06

0.32

1.42

1.39

1975 2000 2025

YEAR



I
I

factor of about 50 per cent.

2. Transportation. We are projecting electricity in transportation— I
partial electrification of our railroads and the introduction of the electric
car. We assume it would be possible to electrify 50 per cent of the rail-
roads' energy requirements on high-density, heavily trafficked routes which •
could justify the investment. We further assume that a 15 per cent share of •
all auto mileage by electric cars and trucks is a feasible goal. Taking
these two forecasts together, we derive a projection of 10 per cent of all •
transport energy being supplied by electricity, unquestionably an optimistic |
figure.*0

•Electrification of transport is on balance beneficial for the capacity •
factor. The railroad companies try to get the utmost from their physical
plant by operating it at the highest possible load factor, and most recharg-
ing of electric car batteries could be done at night (off-peak). We estimate •
that the 50 per cent of railroad energy will require .10 quads, and consider- m
ing t h e h i g h annual load f a c t o r o f this u s e this t r a n s l a t e s into a b o u t 3 m i l -
lion k i l o w a t t s . T h e e l e c t r i c c a r s a nd l i g h t t r u c k s w i i l r e q u i r e o n l y an a d - m
ditional 2 million kilowatts. In sum the .25 quads (oil equivalent—only .12 p
quads in terms of electricity owing to the higher efficiency of electric trac-
tion) of electric transport will demand about 5 million kilowatts additional _
generating plant, at about 60-65 per cent capacity factor. •

3- Additional Electric Space Heat. In addition to its application in
transport, our estimated increase in electricity's share of total secondary I
energy is accounted for largely by expanding electric space heating. We esti- m
mate that electricity can supply a total of 25 per cent of all space heat.
This represents an additional 20 per cent share of space-heat demand over K
what electricity provided in 1975. This additional electric heat outside the •
"grid" component is .58 quads in terms of oil, or ,kl quads (123 billion kilo-
watt hours) of electricity.^ We estimate that this demand, in the absence
of any offsetting factprs, would have a load factor of about 2k per cent and B
would require an installed capacity (including reserve) of 80 million kilo- ™
watts J 2 '

If these separate components (i.e., grid, 100 million kilowatts; trans- I
port, 5 million; and space heat, 80 million) were simply additive, a total of
185 million installed kilowatts would be needed. However, the actual figure m
need not be so high since heating and non-heating capacities are to some ex- I
tent complementary, and some of the new demand can be supplied by fuller uti-
lization of existing capacity.. Further, the output of the plant can be in-
creased by compensating uses such as summer exports to the United States and I
air-conditioning. The potential of these several improvements is as follows* •

1. Capacity reductions •

1 3
- Load management: a reduction of 5 million kilowatts.

- Climatic and load diversity: the combined saving resulting from the non- I

I
I



coincidence of extreme minimum temperatures and from the different peaking
times of heating and non-heating loads is about 11 million kilowatts J**

An overall saving of 16 million kilowatts can thus be achieved, bringing
the required installed heating capacity (additional to the "grid") to 6k mil-
lion kilowatts, and the total installed capacity to 169 million kilowatts.

2. Compensating uses

- Potential exports to the United States. For the year 2000, we estimate
these to be about 30 billion kilowatt hours.15

- Additional demand (beyond the present share in the grid) for air-condition-
ing and freezers: 5 billion kilowatt hours.16

Thus, total additional output requiring no additional capacity is 35 bil-
lion kilowatt hours. This in turn will improve somewhat the unit costs of
electricity.

The overall electricity system will therefore have 169 million installed
kilowatts, and will produce about 6*»0 billion kilowatt hours (including ex-
ports) at a capacity factor of *»3 per cent, down from 50 per cent in 1975.^7
As a result of this decline alone, the average unit cost of electricity will
increase by about 15 per cent. Growth rates in 1975-2000 come to "}.k per
cent for output and 4.2 per cent for capacity.18

COSTS

We have calculated the total costs in the following way: the "grid" com-
ponent of 100 million kilowatts running at 52 per cent capacity factor would
cost approximately $1200 (constant 1975 dollars) per kilowatt, for a total of
$120 billion. All other capacity—69 million kilowatts—principally addition-
al space heating, working at 29 per cent capacity factor would cost about
$1000 per kilowatt for a total of $69 billionJ9 Since transmission and dis-
tribution costs are already included, the total capital cost for our electric-
ity scenario is thus $189 billion.

However, it should be noted that some of this capacity is already built
and partly or totally paid off, especially much of the hydro component, and
only a portion of this existing plant will need replacement before the year
2000. This reduces the total capital requirements in the time frame 1975"
2000 by about $20 billion, that is, to $169 billion. This is the figure we
project for our "affordable" electricity scenario.20

The question is whether it is affordable. To show that it is, but only
barely so, we add this capital cost to the costs already projected by us for
oil—$25 billion; for natural gas—$15 billion; and for other scaled up cur-
rent uses (principally coal)—$1 billion, to derive a total capital cost to
this point in our study of $210 billion. This translates into an annual
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INTERESTING POSSIBILITIES—THE ELECTRIC HYBRID

I
Icarrying charge of $21 billion, which is about three quarters of our provi-

sional investment ceiling of $27.3 billion. «

Furthermore, as our scenario reveals, the addition of this affordable *
electricity to our oil and gas projections still leaves a "gap" of 1.^9 quads
of demand to be supplied annually by 2000. Assuming the capital intensity of I
those still undefined supplies were about the same as the average for all the *
supplies so far, we estimate that the additional capital requirement would be
about $*»5 billion, or $*».5 billion per year, bringing our total annual costs K
up to about $25.5 billion, very close to our ceiling. If we remind the read- •
er that our ceiling was a rather generous one, it should be clear that the
electricity scenario is a rather tight one, allowing little margin for error.
Such error could result, for example, if conservation efforts failed to re- m
duce energy demand by the amounts we have estimated. And there is an addi- *
tional problem—security.

THE RISK OF ELECTRICAL POWER BREAKDOWN

While the risk of breakdown is always present, extensive use of all- •
electric heat would increase this risk at the worst possible time, during
very cold weather. Should a widespread breakdown occur during such condi-
tions and last for a long period, restoration of power would face additional •
problems. The power plant would not only have to supply the normal peak heat •
demand but also additional power so as to bring the depressed temperatures up
to their normal level. Such additional power might not be available—the re- M
serve could be inadequate—and if the entire network was reconnected the re- |
suiting overload would likely cause another general failure (the "flyback"
effect). To avoid this risk, power would have to be restored by section. «
But the risk of overloading local equipment still remains. To eliminate this I
latter risk local distribution equipment must have a large over-capacity and
that adds to the cost. In any case, complete power restoration may take a
long time with people and property exposed to the danger of serious harm in I
the meantime. m

I
For reasons of cost and security our affordable electricity scenario is _

hardly ideal. As it is only acceptable, the search for better energy solu- I
tions must continue. Before turning to other supplies or more radical demand ™
solutions we would like to present the reader with an interesting possibility
for electricity—the hybrid system. 1

It is noteworthy that in our scenario electricity demands about 60 per
cent of total projected energy investment in the year 2000 but supplies only |
26 per cent of total secondary energy. There is therefore every reason for I
reducing capital expenditure for electricity. If only the capacity factor
could be further improved...

I
I
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Hybrid heating systems, in which both electricity and another storeable
energy source are used in each building, may be the answer. There are two
ways in which such a system could be made to work in practice,,

1. A Hybrid Heating System with Fixed Dedicated Capacity

In this system electricity would provide baseload heat, for example,
half the annual heat with two kilowatts at the point of use for the average
home, as was shown by the curves of figure 6.3- The electric heater would be
on continuously from October to May and would provide all heating needs till
the outside temperature dropped below 10°C, when an additional heat source
would be used, a source with storage capacity such as oil, gas, coal, wood,
or peat.21

Control of the two heat sources in these hybrid systems can be accom-
plished with two thermostats, one for the electric heater and one for the
back-up furnace. The heater thermostat would be set a few degrees above the
furnace thermostat so that the heater would always have priority and the fur-
nace would come on only when needed, that is, in colder weather or when for
one reason or another the electric heater was off.22

For half the heat, the annual load factor would be 70 per cent, the ca-
pacity factor, 56 per cent, and the unit cost, lower than the electricity sys-
tem's average cost. This would be almost three times cheaper than for all-
electric heating as in our "affordable" electricity scenario. If such a sys-
tem were to provide the .58 quads (oil equivalent) of space heat in the year
2000 shown in the scenario, the required heating installed capacity would be
about 27 million kilowatts, instead of 6A million.

There would be potential for further savings. This heating capacity
could serve as a reserve eliminating the need for an idle stand-by reserve as
is the case today. The power company would simply disconnect by remote con-
trol enough heating capacity to make up any (partial) loss of other capacity
and would reconnect it when the lost capacity was restored. In the meantime
the back-up furnace, or whatever, would provide all the heat. For the year
2000 the stand-by reserve capacity would be about 13 million kilowatts. Thus
the net additional heating capacity would be brought down to T» million kilo-
watts and its cost would be $17 billion (at $1200 per kilowatt). Adding $5
billion to it for extra additional user equipment would bring the total elec-
tricity capital to $128 billion, resulting in a net saving of $41 billion
over the all-electric heat case discussed earlier. A high-heating load fac-
tor and the elimination of the idle stand-by reserve would result in an im-
proved overall capacity factor of 62 per cent and a reduction of the overall
average cost of electricity by about 20 per cent. This system has one more
important advantage* It can be used to absorb planning errors in electric
capacity (as was discussed in Note 7, referred to above).



68 I
I2. A Hybrid Heating System without Dedicated Fixed Capacity

This system is even better. It is superior to the one just described I
for it does not require any additional capacity for heating at alii Capacity
is allocated to heating only when it is not needed for other uses. There
could be large amounts of such capacity if the generating plant mix were suit- I
able. Today, readily available capacity (i.e'., including stand-by reserve) 1
is used 60 per cent of the time on an annual basis, while in the winter the
average use is 68 per cent. There is therefore a large "theoretical capacity" I
that could be used for heating. Of course, this capacity is not useable to- |
day either for lack of water (in the case of hydro) or because of high costs
(in the case of fossil-fired plants). This system also, of course, requires ^
a back-up source of heat using a fuel that can be stored. I

Let us see how it would work in practice. When the demand for non-heat-
ing uses of electricity were less than the available capacity, the surplus f
would be assigned to heating. If this non-heating demand increased, the pow- 1
er company would disconnect (by remote control) a number of heaters to pro-
vide for this demand and would reconnect them when the non-heating demand de- |
clined. In this way the entire available capacity could be utilized, at |
least in principle, full time for the five or six cold months. In practice
the utilization would be lower, probably 95 to 97 per cent, owing to control
delays and so on. This system also dispenses with a stand-by idle reserve. I

By matching the surplus available capacity with the heat demand, as in-
dicated by the degree day curves, we determine that for 1975-76, 28 per cent 1
of Canada's total space heat could have been provided electrically with half I
of the heat load (i.e., half the buildings) connected in this hybrid system.23
The percentage would be higher in the year 2000 if installed electric capaci- •
ty in the meantime grew faster than space-heat demand. I

Widespread use of this system could raise the annual load factor for the
total electric system of the country to 85 per cent from its present value of I
65 per cent, and improve the capacity factor to 70-75 per cent from the pres- •
ent 52- Most of the load would thus be "base" with a small amount of "inter-
mediate" and no peaking load. To serve this load, the most suitable generat- I
ing plant would be the type with high continuous availability and low fuel |
cost. Nuclear power plants (CANDU) with 85 per cent availability and very
low fuel cost would be ideal. So would hydroelectric plants with annual wa- g
ter storage, though unfortunately there is not much hydro potential remaining I
with such storage. Fossil-fired plant, whether coal, oil, or gas, is the
least suitable since it has low availability and high fuel costs. Thus, if
such a hybrid system were to be used widely by the year 2000, nuclear capaci- I
ty would have to be expanded ahd fossil-fired plant eliminated in order to I
minimize the electricity cost.2*» Any fluctuations in load would be handled
by the hydro component. I

The delivered marginal cost of the additional energy to be used for heat-
ing is of the order of 2 to 5 mills per kilowatt hour or $.60 to $1.50 per =
million Btu-25 This is lower than for any other source likely to be avail- I



able in the future.

The additional electric heat of 158 quads of the electricity scenario
(figure 6.5) in the year 2000 (in a total of 25 per cent electric space heat)
could be provided by the 100 million kilowatts of the "grid" using this type
of hybrid system (at least, in principle, up to .80 quads could be so pro-
vided with this capacity). Capital cost at $1300 per kilowatt (all nuclear
and hydro capacity) would be $130 billion. Adding $5 billion for extra user
equipment brings the total to $135 billion. The saving over the all-electric
case ($189 billion) is thus $54 billion! Total energy capital would be $156
billion after allowing for the paid-off existing hydro capital worth $20 bil-
lion. At 10 per cent interest, the annual charges for all projected energy
investment—again assuming the "gap" was filled by an energy source whose cap-
ital intensity was precisely equal to the new average—would come to 4 per
cent of the GNP. This is a very significant drop in overall energy costs.
It brings total energy investment, as a proportion of GNP, to approximately
where it is today!

With this hybrid system, about 35 per cent of all space heat could be
provided at low cost. Regrettably, this is still inadequate by itself to
close our 1.49 quads energy gap, although it could reduce it to about 1.24
quads, or 15 per cent of year 2000 energy demand. The hybrid's great benefit
is its beneficial impact on the efficiency of the electric system. This not
only enhances the market outlook for electric heating somewhat, but also the
prospects for other electrical equipment would markedly improve, owing to the
reduction in average unit costs of electricity.

Hybrid heating systems would be most valuable for heating the Canadian
suburbs and other low-density housing which are not suitable for any form of
district heating, and for which there may not be enough oil or gas in the fu-
ture. Up to 70 per cent of their heating needs could thus be provided elec-
trically at low cost.

An additional benefit of the hybrid system is the substantial reduction
of the risk of power breakdown during cold weather, since it does not place
any higher demand on the generating capacity. In the event of a breakdown,
restoration of the temperature is done by the auxiliary furnace while the pow-
er system will only have to supply normal demand.26

SUMMARY

1. Electricity cannot by itself fill the energy gap in the year 2000. This
is partly due to problems in adapting electricity to final uses, but more
importantly, to the very high capital costs of electricity.

2. Electricity coulc( be expanded to supply a part of the gap in addition to
its present brobbi-tioh of total energy in the year 2000. This additional
amount would supply 10 per cent of transport energy and 20 per cent of
the space heat (in addition to the 5 or 6 per cent already supplied today)
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1using all-electric heating. This arrangement would be expensive but pos-

sible. Another serious objection is the likely difficulty of restoring K
power following a breakdown in cold weather. This difficulty would re- B
suit from the large amount of all-electric space heating.

3- All-electric space heating when used extensively will depress the capaci- I
ty factor of the total electric system and cause average electricity
costs to ri.seu In the "affordable" electricity scenario, the capacity
factor would decline from 50 to *»3 per cent resulting in a 15 f-c* cent in-
crease in the unit cost of electricity from this cause alone. I

k. Use of an electric hybrid heating system has the potential of substantial- fc
ly reducing electric heating costs. Up to 30-40 per cent of the coun- •
try's space heat could be provided electrically by the year 2000 at low ™
cost using such systems.27

I
I
I

i
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Chapter Seven

THE RADICAL DEMAND ALTERNATIVES:
SUPER CONSERVATION, LOW GROWTH

We have come to the end of what might be called a "conventional" projec-
tion of Canada's energy future over the next twenty years. Having discovered
a substantial "oil gap" developing in that period of time, we reduced demand
by amounts which were very substantial yet consistent with the basic features
of our way of life. We then attempted to supply the balance of demand with
those resources which are already mainstays of our energy system: natural
gas and electricity. We concluded that it is possible to expand their share
of our energy demand—principally through the expansion of electricity in
space heating—but that the solution is very expensive (unless hybrid systems
are used) and still leaves us some 18 per cent short of the supplies we will
require in the year 2000.

In short, it is our conclusion that there is no conventional solution to
our energy problem. In saying that, we remind the reader of the following.

- Our 3.5 per cant growth assumption is a minimum consistent with containing
present levels of unemployment.

- Our 30 per cent conservation values are ambitious in the twenty years avail-
able to accomplish them.

- Our calculations of the amounts of familiar energy supplies which we can af-
ford and which are available are generous.

For these reasons, the 18 per cent gap we have identified must be regarded as
a minimum figure. Should all of our optimistic assumptions not hold—and
when in life do all optimistic assumptions hold?—the gap could only get
larger.

With an energy gap of at least 18 per cent opening in a twenty-year peri-
od we are confronted with a choice: either we must reduce our demand even
further, that is, by amounts that will infringe on our way of life; or we
must discover and develop significant new energy supplies within twenty years.
In this chapter we turn our attention to the radical demand alternatives:
super conservation and low growth. In our assessment only one of these alter-
natives does indeed work. It provides a demand solution to Canada's energy
problem.

SUPER CONSERVATION

In our earlier projection we calculated that energy conservation could
save 30 per cent per unit of output. In this scenario we attempt to elimi-
nate the 18 per cent energy gap by raising that conservation figure. In
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I
effect, we have asked what additional conservation would be required to re-
duce total secondary energy demand to the level already supplied by our pro- m
jections of o U , gas, snd electricity (and small amounts of coal)—6.9 quads. •
Consistent with testing this scenario we hold the other major demand factor,
economic growth, at our projected 3.5 per cent. As it happens this condition
is also the great constraint of the super-conservation scenario. 1

To reduce total secondary demand by 18 per cent from 8.^ quads to 6.9, we
calculate that the average conservation savings for all economic sectors *
would have to be about hi per cent rather than the 30 per cent previously pro- p
jected. This translates into an average rate of growth in energy consumption
over the years 1975-2000 of 1.2 per cent per annum, down substantially from &

the 2.02 per cent in previous projections. How is this to be done by individ- I
ual economic sectors? We have summarized these results in table 7=1.

ISavings by Sector *i

The residential and farm sector would have to save 55 per cent compared &
with 35 per cent. This might be achieved if all our new stock employed exot- J
ic construction methods, for example, "air structures," and if the old stock
used 30 per cent less energy by such retrofitting measures as "air-lock"
doors, triple glazing, false ceilings, and so on» An alternative is row- >
housing—sharing walls and hence heating bills. In any case, and most impor- ™
tant, the capital stock turnover would have to be speeded up: half of all
housing would be "new" by 2000 instead of one third as previously projected^ %
It would demand a proportionate increase in capital expenditure—in turn tech- *
nically an extra energy cost.

Similar savings are calculated for the commercial sector to reduce its en- I
ergy consumption by 50 per cent (rather than by 30 per cent) by the year 2000,,
We assume somewhat lower gains are possible in the industrial sector for rea-
sons already described in chapter h. Our super-conservation savings here are 1
30 per cent rather than 25 per cent. «

As before, the focus of our attention in super conservation must be on 1
the transport sector. Our conclusion is that savings beyond the levels al- §
ready calculated would only be possible through end-use transformations—the
substitution of the automobile by public transport- The 60 per cent net car _
savings (compared with kO per cent) are derived from a calculation of slight- I
ly over one half of the projected auto transport being done by systems using
only one third as much fuel per unit of output, the bus. In other words,
having switched to small cars, families would then be obliged to use them on 1
average only half as much or even less. I

As for the bus/truck/rai1/air/marine sector, ultimate conservation poten- |
tial is assumed to be the same as for our previous projections. This is set I
by physical limits, for example, the efficiency of diesel engines, not opera-
tional changes. The potential amounts to the same 20 per cent savings by
2000. I
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Table 7-1

SUPER CONSERVATION
A COMPARISON WITH STANDARD CONSERVATION

Population (millions)

GNP (1975 $)

GNP/Capita (1975 $)

GNP Growth Rate

Conservation Assumptions
by Sectors (% savings
per unit of output):

Residential and Farm

Comme re i a 1

Industry

Automobile

Bus, Truck, Rail,
Air and Marine

TOTAL (average)

Secondary Energy Demand
(quads per year)

Secondary Energy Demand
(average annual rate of
growth)

Ratio of Secondary
Energy to GNP

BASELINE

1975

23

165

7240

4.3%
[1951-197D

5.1

5.4%
(1960-1975)

1:1

3.5% GROWTH PROJECTION TO 2000

Baseline
Conservation

28.6

390

13,600

3-5%

35%

30%

25%

40%

20%

30%

8,4

2.02%

0.7:1

Super
Conservation

28.6

390

13,600

3-5%

55%

50%

30%

60%

20%

42%

6.9

1.22%

0.58:1
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On the supply side we project the 6.9 quads being provided more or less
as they were in the affordable electricity scenario. However, there have ~
been two minor changes necessitated by the additional sectoral savings calcu- •
lations we have, done here. This is shown in the scenario represented in fig- •
ure 7.1.^ Owing to the substantial residential and commercial sectors'
savings, we have reduced somewhat the proportion of our secondary energy sup- K
plied by electrical space heating. And because the additional savings in the m
industrial sector are projected to be more modest than for other sectors, its
supply of industrial heat by the established means—coal — is shown as growing m
somewhat in proportion, from about k.S per cent of all secondary energy to m
about 9 per cent. So far as we can see, these supply requirements pose no
problems. The great difficulty with this scenario lies elsewhere.

1
Why Not?

While it is easy enough to calculate the conservation savings necessary p
to eliminate the 18 per cent gap, it is far more difficult to see how these
savings can actually be attained. There are three essential reasons why we m
think super conservation cannot work. W

1. Life-style Costs. In moving from the conservation values previously
projected to super conservation, we judge that we are passing through the •
threshold of the existing Canadian life-style and into fairly significant B
changes in such things as living accommodation, mobility, and work. For exam-
ple, we suggest that it is unlikely that the savings in the residential sec- ft
tor can be achieved only by such modifications to the existing form of nous- H
ing as additional insulation, high glaze windows, and so on. It requires as
well greater density of habitation. In other words, Canadians will have to ,K,
abandon the traditional hope of living in single-family homes and settle for •
row-houses and apartments.. While this is obviously not impossible, it is cer-
tainly a real cost.3

2. Investment Constraint. We remind the reader of the 7 per cent ener- m
gy investment constraint which we have so far built into this study. As com-
pared with the existing level of energy investment and projections of other m
studies such as revealed by Energy, Mines and Resources, this was a very gen- •
erous allowance. Having supplied something approaching 80 per cc-t of our
secondary energy by oil, gas, and electricity (and coal in industr'.al markets
being the remainder), as illustrated by figure 7.1» we calculate that we have I
"invested" about 5 per cent of the year 2000 GNP (allowing for 3-5 per cent ™
economic growth).^ The additional investment in new building construction
alone required to achieve the super-conservation values we estimate would be I
an additional 5 per cent of GNP (raising total investment in construction by I
an amount of 50 per cent annually, from 11 per cent to 16 per cent of GNP),
to bring the total energy investment of super conservation to at least 10 per m
cent of GNP. This does not allow for the additional investment required in I
the transport and industrial sectors. Again we are not saying that such lev-
els of investment are "impossible," but they raise the most serious questions
about effect on investments in all other activities necessary to maintain our •

I
I
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goal of 3-5 per cent economic growth. And so we come to the essential con-
straint on the super-conservation scenario: economic growth. m

3- The Growth Constraint. Again we remind the reader that we chose 3.5
per cent economic growth as the minimum figure allowing us to contain, if not
reduce, existing levels of unemployment in Canada. And as we demonstrated in I
chapter 1, there is some linkage between rates of growth and energy consump- ™
tion. In trying to achieve super conservation we begin to discover the na-
ture of those linkages a bit more precisely. Apart from the fact, as we have •
shown, that the investment necessary to achieve super conservation might well g
constrain other capital sectors, it would also entail a restructuring of eco-
nomic activity which might well have a depressing economic effect. Perhaps ~
the clearest illustration of this is provided by the transport sector and the I
super-conservation requirement of transferring massively, in a relatively
short period of time, from the car to mass transit. As we have indicated al-
ready we see no other way of achieving the super-conservation values in the •
transport sector since, beyond down-sizing and the introduction of lighter m
materials, the gains in efficiency obtainable with cars are distinctly limit-
ed. I

While the long-term (fifty years) prospects for such a change-over may
be favourable, there are likely to be serious economic consequences of trying »
to accomplish it in the period of the major time frame of this study—twenty I
years. To see why, we ask ourselves the question, "what are the workers cur- *
rently engaged in the production of the automobile to do if there are, as
there must be, sericas cut-backs in production following substantial reduc- I
tion in allowable car mileage?" The question of employment arises not only I
for those engaged in the production of the car but also the others—salesmen,
mechanics, parking lot attendants, and so on—involved in its sale and use. 1
Obviously, some of these people, but only some of them, can be re-employed in I
public transport. Others will nave to be re-employed generally throughout
the economy, at income levels consistent with our 3-5 per cent real economic
growth rate. I

While we do not claim that alternative employment strategies have been
carefully explored by this study, we think the options, again consistent with I
maintaining 3-5 per cent economic growth, are limited. Essentially, to make |
the super-conservation scenario workable we would have to project the very
rapid development of a high value-added, high-productivity industry thet re- •
quired very little energy in its production, delivery, and operational func- I
tions. The growth of this industry would substitute for the declining auto-
mobile and other industries. The one possibility that occurs to us is rapid
expansion of the electronics industry. However, one can ask how much real I
potential exists throughout the economy overall for ever more exotic electron- "
ic equipment- The ordinary home, for example, may well have its own computer
and perhaps even a miniature television studio by 2000; but at current prices I
both could be provided for about $5,000, less than 10 per cent of the value |
of the average Canadian home. This gives perspective on the limited power of
this industry to make up entirely the energy-related decline of other indus- >
tries. There would be a withdrawal from the suburbs and small towns along I

I



77

the periphery of Canadian cities, and a heavier concentration of population
towards the central core. Canadians would travel by mass transit and live in
row-houses or apartments jammed with electronic equipment* Even so, there
would almost certainly be a significant reduction—at least a slow-down—in
the rates of economic growth.

What this means in effect is that super conservation is only a stalking-
horse for low growth. Neither the limitations of capital nor the opportuni-
ties for employment allow us to achieve conservation values much higher than
we have earlier projected without that kind of serious effect. Rather than
waste further time on the subject of super conservation therefore, let us now
turn to the real issue: low growth.

LOW GROWTH

As the previous section has shown, there are demand changes which save
substantial amounts of energy. Unfortunately, at least in the short run, they
do so by reducing the overall dynamics of the economy. Let us consider, for
example, the individual, concerned to save energy, who moves from his exist-
ing home in the suburbs into smaller and denser accommodation, and rides his
bicycle instead of driving his car. As a result of this he saves money which
he otherwise would have spent on the consumption of energy. If he respends
these savings on, for example, entertainment (movies and restaurants), he will
save energy overall. He will not only save energy, but he may increase em-
ploymentl—since the service sector is generally more labour-intensive than
manufacturing (for example, cars).5 Assuming consumers are careful to redi-
rect their incomes towards a new mix of goods and services that are less ener-
gy-intensive, the chances are that total employment can be maintained or even
increased. There will be a gradual labour intensification of the economy.6

There is, however, a catch- By shifting to labour-intensive services
there is a decline in productivity and with it at least the slowing of pro-
gression in real income. As Bruce Hannon, the leading student of this sub-
ject, has said of our hypothetical individual, "It should be clear...that he
can never save more energy by re-directing certain portions of his income than
he can by becoming that much poorer."7

We are forced to conclude that the single most effective way to reduce
consumption of energy is to reduce the rate of economic growth. In our judge-
ment it is the only demand change which will eliminate the 18 per cent energy
gap we have identified. According to our calculations, 1.75 per cent annual
economic growth would reduce secondary energy demand from 8.^ to 6.2 quads,
allowing a feasible dynamic equilibrium with the familiar supplies—the remain-
ing conventional oil and strip-mineable tar sands, the remaining natural gas,
electricity with an acceptable capacity factor, and coal in existing indus-
trial markets. All of this is shown in the "low growth" scenario in figure
7.2.
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The "Low Growth" Option
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So far as we are able to see, there are no supply difficulties in this
scenario except that it would probably accelerate the rate at which Canada
would be forced to end oil imports. (This is discussed further below.) And
the scenario is affordable. We calculate that the investment in energy re-
quired by this scenario would be about 6*6 per cent of the year 2000 GNP of
$255 billion.

In short, this scenario works. It provides a demand solution to Canada's
energy problem; even within the constraints of our existing supply forms there
is equilibrium, although it should be noted, as shown in table 7-2^ that it
has the effect of actually reducing the overall rate of energy savings possi-
ble through energy conservation. The explanation for this is quite simple:
a low-growth economy has a reduced ability to finance the stock turnover and
other capital requirements of conservation.9

What is involved in this scenario is not so much a technical calculation
of what is possible, but a moral and political judgement about what is desir-
able. It would very probably entail a decline in real living standards.10

THE EMPLOYMENT/PRODUCTIVITY TRADE-OFF

At best, a 1.75 per cent economic growth rate means there is only going
to be enough energy either to provide jobs for those entering the labour force
between now and 2000, or to give those currently working a 1.75 per cent aver-
age increase in real living standards. Not a very enviable choice. Which
will have priority? In these circumstances, there are several strategies
which might be pursued:

- Retain the forty-hour workweek, but gradually increase the labour intensi-
fication of the economy. Government policies would be required to discoui—
age capital accumulation and energy consumption and encourage the hiring of
labour." Everybody would have a job, but no one could expect any gain in
real income.

- Reduce the work week. Retain the existing economic structure, and its ener-
gy demand patterns, but gradually share the work out. Again, no one could
gain in per capita real income, but everyone would gain leisure time. As a
mathematical example, if everyone by year 2000 were to accept the four-day
week, energy demand would be reduced by 20 per cent, 12 anc| this would ap-
proximately eliminate our conventional supplies gap. The difficulty is that
everyone would have to take a 20 per cent income cut.

- Allow unemployment to rise. Those still at work would retain some potential
for real income gains.

- Some combination of all of these. In our judgement, reducing the work week
is the best; increasing unemployment is the worst.
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Table 7-2

LOW GROWTH PROJECTION
A COMPARISON WITH 3.5 PER CENT GROWTH PROJECTION

Population (millions)

GNP (1975 $)

GNP/Capita (1975 $)

GNP Growth Rate

Conservation Assumptions
by Sectors (% savings
per unit of output):

Residential and Farm

Commercial

Industry

Automobile

Bus, Truck, Rail, Air,
and Marine

TOTAL (average)

Secondary Energy Demand
(quads per year)

Secondary Energy Demand
(average annual rate of
growth)

Ratio of Secondary
Energy to GNP

Baseline

1975

23

165

7240

4.3%
(1951-197D

5.1

5.4%
(1960-1975)

1:1

2000

3.5% Growth
Projection

28.6

390

13,600

3.52

35%

302

25%

40%

20%

30%

8.4

2-02%

0.7:1

1.75% Growth
Projection

28

255

9,107

1.75%

25%

20%

12%

4o%

10%

21%

6.2

0.78%

0.79:1
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But there are three reasons why even this description of the "low growth"
scenario could be optimistic.

1. An accelerated entry of women into the labour force. We have assumed
throughout that labour force growth would be about 1.75 p«r cent, made up of 1
per cent growth of young workers, and .75 per cent increased participation by
women. The latter figure could turn out to be much too low. Apparently the
participation rate of women is already 48.8 per cent in January 1979> a level
which was not expected until 1986, Since women's participation was only kd
per cent as late as 1976, this would represent a labour force growth rate of
about 2 per cent from this factor alone. Accordingly, the total labour force
growth could be as high as 3 per cent from 1975 to 2000 while the economy ex-
panded at 1.75 per cent. In the absence of any personal real income gains, it
would be amazing if families did not attempt to augment total income by send-
ing wives out to seek work. There are hardly any options for government poli-
cy makers under these circumstances. Unemployment would rise. It could con-
ceivably reach 25-30 per cent.

2. The regular activities of the business cycle. Projecting an average
economic growth of 1.75 per cent between 1975 and 2000 does not mean that
every year will show a GNP gain of that amount. It more likely means a gradu-
al decline from the current level of about 3>5 per cent to something like zero
by the 1990s, with the overall average throughout the period being our 1.75
per cent. A stock market analyst would call it a fundamental bear market,
that is, a long-term declining trend line. But even this is too simple, for
the usual provisions of the business cycle would still apply. Over a three-
and-a-half-year term, for example, there could be two to four quarters of re-
cession (decline in real GNP), four to six quarters of average or weak recov-
ery (growth in GNP below or equal to tlj'e overall trend line), four quarters of
slightly stronger recovery (growth in GNP above the overall trend line), and
then two quarters or so of a flat economy. However, to preserve the overall
trend line—in turn limited by the relative decline in energy availability—
every recovery would be weaker t(\4\\ the preceding one. The economy would pro-
ceed like someone sliding ddtari icy steps—a succession of downward bumps, al-
ways trying to pick himself up and get on his feet, but never succeeding.

Normally, governments rely on deficit financing—the Keynesian multiplier
— t o dampen out downward cycles by restoring aggregate demand. But in an en-
ergy/oil-constrained economy, the Keynesian multiplier might have progressive-
ly less effect owing to the structural rigidities.

3- A deteriorating balance of payments. This could be the single most
severe problem Canada would face in any low-growth scenario. It could conceiv-
ably change a gradual economic slowdown to an absolute slump. Even if unem-
ployment were under control, the Canadian economy might lack the capacity to
compete effectively in world markets. By moving the economy into a labour-
intensive structure there might be little possibility of expanding technology-
based manufacturing and resource processing. For example, the pulp and paper
industry contributes positively to the balance of payments. Would a labour-
intensive, low-energy substitute do as wel1?13 The Canadian economy might
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Iwell be competing with low-wage industries based in countries without our en-

ergy requirements. fcI
Combined with the fact that Canada would need to continue importing sig-

nificant quantities of oil, at least for a transitional period, this low-
growth driven decline in our exports would pose very serious balance-of-pay- 1
ments problems, and an even further depreciation in the value of the Canadian I
dollar. Whatever opportunities this would open up in the longer run, the
short-run dislocations would be severe. |

In summary, for a variety of reasons, low growth entails rather severe
belt tightening. The most likely political reaction to such a scenario would
be a call for a fundamental redistribution of income and wealth. There could I
also be violence arising from the frustration of reduced living standards and "
restricted choice. But again we say that this is essentially a matter of po-
litical choice. There are no absolute physical constraints which make the I
"low growth" scenario unworkable. About it one can only ask two questions. 1
First, is it desirable? And second, is it necessary? Because we believe the
answer to the first question is "no," we have pursued an answer to the second g
one. And, in our judgement—as we hope to demonstrate—low growth is not nee- I
essary, because there is an alternative solution to the energy gap: new sup-
plies.

I
I
I
I
I
I
I
I
I
I



Chapter Eight

NEW SUPPLIES:
IN SITU TAR SANDS

Again we summarize our argument: in the first part of the study we iden-
tified an 18 per cent energy "gap" in the year 2000, after substantial modera-
tion of demand and extending the familiar supplies of oil, gas, and electrici-
ty. Faced with that gap we then turned to the more radical demand solutions
of super conservation and low growth. We attempted to demonstrate that super
conservation by itself is both very expensive and unlikely to eliminate the
gap. In the final analysis it tends to push the economy in the direction of
the only real radical demand solution: low growth.

We have calculated that at something like 1.75 per cent annual average
growth (1975~2OOO) it is possible to eliminate the gap between familiar sup-
plies and demand. Low growth is an efficient, and sufficient, means of solv-
ing our energy problem. The difficulty is that the cure may be worse than
the disease.

Low growth would almost certainly bring in its wake increased unemploy-
ment and/or major life-style changes. Whether or not such things are unavoid-
able in the long run, their compression into the time frame of this study—
twenty years—is likely to generate serious social economic dislocation and
social unrest. We see low growth, that is to say, very low growth, as a rath-
er unstable and unattractive solution. And, we think, unnecessary.

We believe that it is possible to develop new supplies—or new ways of
employing existing supplies—sufficient to close the 18 per cent gap. We
have already introduced, in our discussions of natural gas and electricity,
two "interesting possibilities" which, if not solutions to our problem, at
least help with the solution.

In the case of the electric hybrid, capital demands are reduced for elec-
tricity, simultaneous with a rise in output for space-heating purposes. If
Canada is faced with a major economic restructuring, the strain on financial
markets will be eased if capital-intensive electricity has a restrained appe-
tite. Similarly, a significant reduction in the burden of providing winter
space heat may help restore trade competitiveness through lower costs. In
the case of reserving natural gas for hydrogenation, which we examine in more
detail in chapter 9, the upgrading to higher value products for export has
the potential for dramatically improving our balance of trade.

Just the same, neither of these possibilities in combination with famil-
iar supplies will eliminate the energy gap. To do that we next turn to "new
supplies" or, as in the case of coal, old supplies in new applications.
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ISCANNING THE POSSIBILITIES

There are, of course, many new energy supply possibilities ranging from I t
nuclear fusion to the burning of garbage. In the spirit of Mao's "letting a
thousand flowers bloom," we acknowledge that each of these has some potential
and should be explored. There is no excuse for dogmatism in the current ener- I
gy scene. At the same time we have narrowed our own list down to three seri- I
ous contenders—in situ tar sands, methanol, and direct use of coal—for two
main reasons. m

!
1. These were the only energy sources which in our judgement could make

a significant contribution to Canada's total energy supply within the next „
twenty years. Others were marginal in their impact. For example, this is •
true of garbage and of underground coal gasification (low Btu gas). The form- ™
er can make only a negligible contribution to Canada's energy needs while the
great potential of the latter is restricted to the area of production because jl
of very high transmission costs. P

2. Other energy sources were judged too expensive even under optimistic »
assumptions of exploitation and application. A good example is hydrogen. If I
produced by the electrolysis of water or by thermal methods, hydrogen could
be used in a variety of applications including transport and space heat. But
even if electricity were available at 2 cents per kilowatt hour (the lowest •
possible cost from nuclear reactors), the production cost of hydrogen would •
be in excess of $10 per million Btu—as compared with, say, natural gas,
whose current price is $2 per million Btu. And because hydrogen is inconve- •
nient to store, transport, and use, still further additional costs would be (
incurred. In short, the final price of this fuel would be many times higher
than Canadians could, or should, afford. "UnaffordabiIity" is a feature of m
many other proposed energy sources, including coal liquefaction and gasifica- •
tion (high Btu gas). In Canada the latter would produce fuel at about $5 per
thousand cubic feet (i.e., $5 per million Btu), while oil from coal liquefac-
tion would be costlier than tar sand oil or methanol. 1

The options we are left with are not without their drawbacks and their
risks, but they do at least pass two basic tests: they can make a real dif- E '
ference in twenty years and we can pay for them. We now turn to the first of |j
our new supplies—in situ tar sands. [\

IIN SITU TAR SANDS

The only technology currently proved for extracting oil ("bitumen") I
from tar sands is strip-mining plus hot-water processing. The mining opera- I
tion can be accomplished only where layers of tar sands are near the surface,
allowing removal of overburden without excessive costs and then direct ex- •
traction, by huge drag-lines, of the bitumen and sand. For this reason, in •
chapter 2, we accepted as proved recoverable reserves only the 22.8 billion
barrels of strip-mineable oil. Some might argue that this is a pessimistic,
not an optimistic, forecast for Canadian oil. I

I
I
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An in situ extraction technology refers to a practical technique for ex-
tracting oil from the tar sands without physically moving the sands them-
selves from their existing location, as is done in strip-mining. This re-
quires that the bitumen, like conventional oil, be extracted directly from
its underground reservoirs. Stated very simply, the principal method is to
inject steam into the sands so as to heat the bitumen and reduce its viscosi-
ty, thereby allowing it to flow up the wells under pressure.

Although the technology has yet to be proven commercially, extraction of
tar sand oil by these techniques would considerably improve Canada's energy
outlook. This is so because of the sheer volume of the in-place resource.
As with any petroleum deposits the quantified estimates vary, but the crude
oil in place from the Alberta tar sands is usually given as 900 billion bar-
rels. According to Energy, Mines and Resources, a quantity of oil in the
range of 55 to 170 billion barrels might be ultimately recoverable by in situ
methods.2 And since we are prepared to let real energy prices rise overall
by 50 per cent, our scenario offers a significant profit incentive to encour-
age extraction. Because it would allow for the continuation of the oil econo-
my—and thus minimize many of the capital costs associated with new energy
forms—we have thought it worthwhile to outline a scenario in which in situ
oil closes the 18 per cent gap.

The In Situ Solution

As figure 8.1 shows, an "In situ Solution" would mean supplying 1.49
quads of secondary energy from this source by the year 2000. In our judge-
ment, such an outcome would require the following production and price condi-
tions.

The scenario accepts an in situ reserve of 150 billion barrels of oil,
about 20 per cent of the more conservative estimates of the resource base.
But we assume that only where concentration, accessibility, thickness of oil-
bearing layers, and other factors are favourable would extraction be attempt-
ed. Given this reserve, as shown in figure 8.2, we have plotted a hypotheti-
cal production curve—the dashed line—from in situ extraction, with produc-
tion beginning in 1990 and peaking in the year 2060. This represents a rea-
sonable trade-off between closing the energy gap on the one hand and longer
run conservation of the resource on the other.

This production curve should be compared with the two others in the fig-
ure. The lower solid one is the oil baseline curve that was projected in
chapter 2. The final curve—the upper solid line—moving to 5.61 quads in
the year 2000 and 9.06 in the year 2025, but flat thereafter, represents the
projected total demand for oil products in this scenario,. It is the continua-
tion of the oil economy beyond the year 2000. Even in this scenario, we pro-
ject that Canada remains a net importer of oil until about the year 2000,
owing to the long lead times required to bring tar sand oil production on
stream. To achieve oil self-sufficiency would require the building of eight
Syncrude-scale in situ plants between 198*» and 2000. Once brought on stream,
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FIGURE 8J

The "In Situ Tar Sands Solution"
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FIGURE 8.2

Tar Sands In Situ Production
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however, the in situ solution would develop a considerable export capacity,
but of course all of this depends on a second condition—substantially in-
creased prices.

Prices

The price assumption built into this scenario represents a trade-off:
high enough to drive exploitation of the tar sands but low enough to stay with-
in our postulated economic limits. We think that this balance, difficult as
it may be to strike, exists at about $25 per barrel or perhaps a bit higher
(constant 1975 dollars). This assumes capital costs for in situ plants are
roughly comparable with equivalent capacity surface-mining operations.3 When
blended with the prices of conventional and strip-mined tar sand oil (63 per
cent of supply in 2000 at $20 per barrel), this yields an average price of Ca-
nadian crude oil in the year 2000 of $22 per barrel, something approaching
twice the 1975 price in real terms.

Assuming taxes and royalties to governments are not increased, this dou-
bling of crude oil prices would imply a real price rise to the consumer of
about one and a half times the current level, within our provisional economic
limits. Figure 8.3i "Tar Sands In Situ Solution--Comparative Prices," repre-
sents our estimate of price movements consistent with the in situ scenario.

The 1975 price structure is shown on the left hand margin. Electricity
is most expensive at about $0.02 per kilowatt hour, or $5-85 per million Btu.
Home heating oil by comparison (at our price of $0.55 per gallon) is only
$3-30 per million Btu, assuming crude oil at $12.70 per barrel (end of 1975
Canadian oil price). Natural gas, at about $1.50 per thousand cubic feet (de-
livered price) or roughly $1.50 per million Btu, is the cheapest, reflecting
a price structure originating before the oil crisis.'*

Now if, as we assumed earlier in this scenario, the average price of
crude oil rises to about $22 per barrel, the effect on other energy prices
would be about as follows: home heating oil would escalate from $0.55 in
1975 to $0.95 per gallon; gasoline would rise proportionately from $0.88
(1975 dollars after taxes) to $1.25 per gallon by the year 2000. Coal, gas,
and electricity would all have to move up in price correspondingly to justify
the large role of in situ extracted tar sand oil. We estimate that coal
would have to rise to $50 per ton from its current $30 per ton. Otherwise
there would be a wholesale switch from oil to coal for such purposes as indus-
trial process heat or even space heat. Natural gas would have to be at a sim-
ilar price level to crude oil, on a Btu equivalency basis, in order to justi-
fy development of the tar sands. The limited reserves of gas compared to tar
sand oil would be reflected in their relative prices. Electricity shows a
more modest price increase than the others. It reflects our calculations of
electricity penetration from the previous chapter.
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AN IMPROBABLE SCENARIO

I
I
IWe have presented an in situ solution to the energy gap which is internal-

ly consistent as to price and supply and represents one great advantage: it »
allows continuation of the oil economy. •

It has only one serious draw-back: it is unlikely to happen. Large-scale,
commercially feasible in situ technology is easily possible, but it is improb- K
able that adequate extraction infrastructure can be put in place in the next m
twenty years. Though this method of extraction may be proven in time, there
are still many unresolved problems associated with it. For example, much of E
the steam (and heat) is lost to the under and overburden, the energy input £
relative to oil output is large—and unpredictable—and the flow of oil is er-
ratic. There are water supply and disposal problems and the method is site ^
specific: it may work well in one place, but not in another. Like in situ ••
coal gasification, this is a technology which remains unproven after years of *
work.

I
An Imperial Oil proposal to the Alberta Energy Resources Conservation W

Board (AERCB)—the only specific in situ proposal that we know of at the time
of writing—forecasts production of 11*0,000 barrels a day to begin in 1986 •
with some 2000 wells active each year during the life of the project. To sug- |
gest what light this casts on our in situ scenario, it should be noted first
that the proposal assumed AERCB approval in 1979, in the event an optimistic _,,
assumption. And the level of production forecast by Imperial Oil means that •
there would have to be six similar plants built and operational between 1986 ™
and 2000 in order to achieve the 1.49 quads of our scenario.

I
Putting all, or even most, of our eggs in this basket is a risky proposi- m

tion indeed. A strategy of continuation of the oil economy would require
large oil imports or, as we saw, low growth in the next twenty years pending m
the arrival of the in situ solution. Should that solution then not appear—as •
it well might not—Canada would be faced with huge problems of sudded adjust-
ment in our energy system.

For these reasons we think the in situ scenario alluring enough to war- ™
rant a commitment to its development, but far too uncertain to justify depen-
dence on it. It can help fill our energy gap, but we do not believe it will
solve it single-handedly. I

I
I
I
I
I



Chapter Nine

NEW SUPPLIES: RENEWABLES

The term "renewables" is technological and ideological at the same time.
It has come to represent for some, as it may for all of us in the long run,
the great hope of our energy future. But for the purpose of this study, we
have applied to renewables the same test applied to all the other energy forms,
namely, that they must offer in the next twenty years a significant and afford-
able solution to our energy problem.

In our judgement, that test reduces the long list of renewables, ranging
from wind and waves to geothermal energies, to only two candidates—forest bio-
mass, significantly to produce methanol as a transport fuel, and possibly so-
lar energy for space heating.' . (Hydroelectricity, as was discussed in chapter
6, is of course a proven renewable, but will not be considered here.)

METHANOL FROM BIOMASS AS A TRANSPORT FUEL

Biomass, in the form of wood, heated a third of all Canadian houses in
1950. Today, it heats less than 2 per cent. While wood heating is now making
something of a come-back, it will not achieve its former importance because of
competing uses for wood and high transport costs.

There is, however, another very promising possibility and that is the con-
version of non-commercial forest products and biomass waste into methanol for
use in transportation.^ The most recent (1978) study from the Department of
the Environment estimates that the total methanol stock potentially available
from forest biomass by the year 2000 would be about l.A quads of secondary en-
ergy, clearly a significant resource.^ Methanol's best use will probably be
as a blend with diesel fuel, for two reasons.

1. The demand for diesel fuel relative to gasoline is likely to increase
owing to diesel engines' intrinsic better fuel economy. In chapter k, "Conser-
vation," we projected a kO per cent saving for automobiles, and suggested this
could well be an optimistic forecast for the real world even with the techni-
cal improvements listed. An increase in the proportion of diesel vehicles
would be of value in meeting this goal. Forecasts by the National Energy
Board, as well as the oil industry, support this conclusion. However, rela-
tively inflexible gasoline/diesel refinery ratios limit this opportunity if
crude oil is the only motor fuel feedstock. But methanol/diesel blends could
extend the availability of fuel for diesel engines regardless of refinery tech-
nology constraints. The proportion of diesel vehicles could then expand be-
yond that which crude oil availability would suggest.

2. The proportion of methanol in a fuel blend can be much higher with
diesel than other fuels, for example, gasoline. Some tests by the Ontario Re-

91



I
I

search Foundation, Volkswagon, Volvo, and elsewhere indicate a 50-50 mixture &
is perfectly feasible; blends perhaps as high as 90-10 methanol to diesel may |j
be possible in the future. The mechanical modifications required to the en-
gines are minimal—principal ly, an emulsifier to mix the two fuels properly
before combustion—and would cost less than about $100 per engine., Further- i;
more, the engine could still run on diesel alone if no methanol were available •
in a particular area, for example, in travelling across national borders.

As far as gasoline is concerned, methanol is less advantageous as a sub- p
stitute. Methanol has a lower vapour pressure at low temperatures than gaso-
line which, in Canada, means difficulty in getting a car started in cold weath- &
er. A two-step system might be required with gasoline being used to start and I
warm the engine and methanol to run it thereafter. An alternative might be to
use a methanol/gasoline blend ("gasohol") which would not require major engine
redesign or modifications. However, this limits methanol's applicability be- I
cause for every gallon of methanol, one would need four gallons of gasoline. '•
This problem might be solved by exporting surplus methanol and importing small
amounts of oi1. |

Although demanding substantial modifications to engines, methanol is not
at as great a disadvantage relative to gasoline as the foregoing may suggest. ^
With half the heat value of gasoline it might be expected to give half the I
mileage per gallon. However, it does better than that because methanol has a
higher octane rating than gasoline, thus allowing a higher engine compression
ratio. This raises the overall efficiency of the engine, partly offsetting I
the low heat value, so that a car doing 20 miles per gallon with gasoline will 1
do 12 or 13 miles per gallon with methanol. As well, it should be noted that
methanol burns very cleanly, thus presenting fewer emission control problems. §
It is a substitute not just for gasoline, but for high octane unleaded gaso- |
line, the most difficult motor fuel to produce.

There is another possibility. According to Mobil Oil Corporation, metha- I
nol can be passed over a catalyst at 75O°F. and chemically converted into a *'
high octane gasoline, with small conversion losses. Because methanol on a
weight or volume basis has only half the heat value of gasoline to start with, I
converting it to gasoline and thereby making it more useful as a car fuel may 1
make good sense.

Furthermore, whereas methanol is easily contaminated by water in any dis- |
tribution and holding system, gasoline is impervious to this effect. Mobil
estimates that such synthetic gasoline might cost, in real terms, twice the
current price for gasoline, before taxes. Within our overall energy costs, I
this is an acceptable price increase for this particular fuel for the year "
2000.

\
The Methanol Solution

To supply one and a half quads of secondary energy from methanol (via I
biomass) is certainly feasible. What is somewhat more difficult is to use

I
I
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this amount of the fuel efficiently. In the scenario "The Renewables Solution"
(figure 9.1), we solve the problem by dividing oil equally between space heat-
ing and transport, pretty much as at present. Natural gas goes into industri-
al process heat and space heating, also familiar applications.

Methanol is required to supply about kO per cent of transport fuel, pos-
sible but technically difficult. It requires vehicles to run on fuel blends,
by volume about 75-25 methanol to diesel fuel, and 20-80 methanol to gasoline*
As we noted above, methanol/diesel fuel blends in this proportion have not yet
been proven feasible although tests underway are promising, and methanol/gaso-
line blends as projected here are quite feasible.

Although production costs are not yet known accurately, methanol from for-
est biomass appears to be substantially less costly than from other sources,
such as directly from natural gas or coal, and also less costly than other liq-
uid fuels from coal.5 Estimated cost of production is in the range of 68
cents to- 80 cents (constant 1975 dollars) per gallon of gasoline equivalent
without taxes.

INTERESTING POSSIBILITY: MORE METHANOL FOR EXPORT

In addition to, or in place of, its potential as an oil substitute for
Canadian use, methanol might open up other economic options, especially on the
trade sideu It might be traded for oil with countries having no cold start
problem or treated simply as a regular export item. This, in turn, raises the
interesting possibility—described earlier in chapter 4—of producing far
larger quantities of methanol from non-commercial forest biomass by using nat-
ural gas to provide extra hydrogen.° With 1.2 Btu of natural gas providing
one Btu of methanol, the 3 quads of natural gas production projected in this
study could yield something approaching the same amount of methanol. This sys-
tem reduces costs of methanol production: for example, with natural gas at
$ K 8 4 per thousand cubic feet, the estimated cost per gallon of gasoline equiv-
alent would be $Q*kU to $0.58 (constant 1975 dollars).

A simple calculation is enough to indicate the value of such quantities
of methanol. By the year 2000, oil may sell on the world market at $25.00
(1975 dollars) a barrel (and conceivably much higher), and gasoline at about
$1.00 per gallon (excluding taxes) or $6.70 per million Btu. The equivalent
competitive price for methanol, allowing for its higher octane rating, would
be about $8.00 per million Btu. The value of the annual production of metha-
nol from the simple biomass gasification process would be about $11 billion
(1975 dollars), but if all the current proven reserves of western Canadian nat-
ural gas (60 trillion cubic feet) could be converted to methanol, it would be
worth something approaching $400 billion. That same resource exported direct-
ly as natural gas to the United States (at $2.00 per million Btu) would be
worth only $120 billion.

Such possibilities should be considered seriously before natural gas is
exported or used in the production of low grade heat, for which cheaper fuels
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(especially one we will describe in the next chapter) would serve just as well.

SOLAR SPACE HEATING

Systems to put solar energy to practical use fall into two categories:
active and passive. In an active system, solar energy is collected by individ-
ual receptors and used to heat a fluid medium which is, in turn, pumped
throughout the building giving off its heat energy by radiation and convection.
In a passive system, solar rays are allowed to enter living space directly
through properly located windows and the heat thereby captured is retained dur-
ing cloudy periods or night-time by thermal shutters covering the windows.
Anyone who has stood behind a window while the sun shone through it will be
familiar with solar principles.,

Active systems are far more applicable than passive ones because only a
small proportion of new homes—those oriented carefully toward the path of the
winter sun, well insulated and designed around the system—could profitably
use passive solar. Even in those cases, it would supply only a small propor-
tion of total space-heat requirements.7 it is the active solar systems which
we allow for here.

Unfortunately, an active solar system is not, by itself, practical in
Canada. The large number of cloudy days in a typical Canadian winter demands
some kind of supplementary system. This back-up should not be electricity,
since calling upon it on the coldest, cloudiest days would merely aggravate
the capacity-factor problems described in chapter 6. An oil or natural gas
back-up would be better.° The first application of solar would probably be in
baseload heating of remote habitations or very low-density housing. Subse-
quently, it might be developed to meet a certain proportion of space-heat
needs in particularly advantageous circumstances, such as residential or com-
mercial construction that made every possible use of known conservation mea-
sures, and were strategically placed to obtain maximum benefit from the sun.

The 17 Per Cent Solar Solution

In the scenario (figure 9-1), we project solar energy supplying about 17
per cent of space heating by the year 2000. We "backed into" the figure by
first assigning gas and electricity to meet the bulk of space heating and then
adding the portion of oil freed from transport by methanol. At that point we
had all but 17 per cent of our projected space-heating requirements. We asked
whether solar might supply that amount.

The best available projections on active solar heating costs, both in
I Canada and the United States, place the cost of the installations, including

1
controls and short-term (2^-hour) heat storage, at about $30 (1975 dollars)
per installed square foot of panel by 1985-1990.9 |n Canada, a square foot of
panel will collect about 75,000 Btu of useful space heat during the heating
season, or 125,000 Btu during the entire year for space heat and hot water.
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At 10 per cent interest on capital, these figures translate to $39 and $23 per
million Btu respectively. However, because this heat would be entirely uti-
lized, while oil and gas furnaces will still waste 28 per cent of their fuels
by the year 2000, solar costs should be reduced to about $28 and $16 per mil-
lion Btu respectively, for comparative purposes.

This means that to make solar heat competitive, co?ts would have to come
down by a factor of 2 or 3 by the year 2000, to $10 or $15 per square foot or
about $6 per million Btu or less. To project such a reduction is certainly
optimistic, even with considerable activity in solar technology, especially
since most of the cost is attributable to materials and labour which, if any-
thing, are likely to rise in price. Nonetheless, on the basis of the realiza-
tion of this assumption, we present this scenario with solar providing 0.5
quads (oil equivalent) or 17 per cent of space-heat energy.

Beyond the year 2000, a slight possibility exists of solar energy supply-
ing a substantial portion of Canada's space-heating needs. To do so, it will
probably have to be collected all year round and used as the "prime mover" in
district heating systems. (See the next chapter for a more detailed descrip-
tion of district heating.) This would require huge underground storage reser-
voirs and considerable space given over to solar panels. To appreciate the
space requirements and costs, suppose that half the present space heat and hot
water of Metro Toronto were to be provided by solar in this system. With an-
nual storage, and assuming 200 to 250 thousand Btu per square foot of plate
could be collected, an (inclined) plate area of 12 to 15 square miles (25 to
kO square miles of land) and a storage volume of about 1 cubic kilometer would
be needed. At $30 per square foot of collector plate and auxiliary equipment
and $5 per cubic meter of storage, total cost would be $15 to $18 billion
(1975 dollars). At 10 per cent interest, the capital carrying charges would
equal 5 to 7 per cent of the city's gross annual product.

RENEWABLES: COST AND THE ENVIRONMENT

The fuel cost comparisons of this scenario are set out in figures 9.2 and
9.3. They show that home heating oil remains cheaper than solar until the
year 2025, and methanol does not become fully competitive with gasoline (from
oil at $20 a barrel) until after the year 2000. As with the vn situ tar sand
scenario, the question is how far oil prices will rise and how fast. Renew-
ables remain more expensive than coal: for example, although by pushing its
price to $65 per ton and holding oil and gas at our previous forecast, the 17
per cent solar solution may be justified, provided the cost reduction mention-
ed above was achieved. The price would still be high, but not impossible,
making a total of some 7 per cent of GNP going to energy investment.

Price is still the major obstacle to the renewable energy future. But,
of course, price is not the only consideration. In the long run, there may be
few, if any, alternatives to renewable energy. Fossil fuels, which now supply
the bulk of the world's energy, are finite and one day will disappear. Long
before that, however, another serious problem may arise. The burning of all
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FIGURE 9-2

Renewables -
Comparative Prices in Space-Heat Applications
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Fossil fuels releases carbon dioxide to the atmosphere. It is estimated that
over the past twenty years the carbon dioxide content of the atmosphere has
risen by 5 per cent, probably due to man's expanded use of fossil fuels. It
has been argued, though not conclusively as yet, that much higher concentra-
tions of carbon dioxide might lead to a warming of the atmosphere and thereby
to large climatic changes which, among other things, could result in the melt-
ing of the polar ice-caps and the flooding of coastal areas and cities. At a
recent conference of experts at the International Institute for Applied Sys-
tems Analysis (NASA) in Vienna, it was concluded that the probability is one
in three that a serious problem wijl arise after 2025.^

Should it be proven conclusively that the burning of large quantities of
fossil fuels leads to undesirable climatic changes, internationally enforced
quotas on their use by individual countries might well be set. This could
pose severe economic difficulties for countries with extreme cl imai.es like
Canada. Renewable energy sources (and nuclear power) would then be the only
options.

SUMMARY

Of the many renewable energy sources, excluding hydro power, we have
judged that forest biomass, particularly if it is converted to methanol,
could make a significant contribution by the year 2000. Methanol could be
used in Canada as a transport fuel or treated as a highly lucrative export.
Although, like -in situ tar sands, it is not a total solution by itself, its
contribution is valuable. Direct solar heat is prohibitively expensive at
present, especially for a cold northern country such as Canada. However, if
its costs are reduced still further over current projections by 2000, it might
be able to provide a modest amount of space heat by then. But we judge it un-
likely that solar costs will be reduced that much.



Chapter Ten

NEW SUPPLIES: COAL

Throughout this study we have shown a tiny fraction of our energy needs
being supplied by a resource that was once king of the mountain: coal. In
1975, it provided only .23 quads secondary energy "directly," that is, in
such applications as steel making.' This represents only k.5 per cent of our
total secondary energy demand. In our projections so far to the year 2000,
coal has done no more than supply its current share of demand.

In this chapter, we present a scenario in which coal, used as a heating
fuel, is greatly expanded so as tc eliminate our forecast energy gap. With
this application, we think it possible for coal to supply 22 per cent of our
total secondary energy requirements by the year 2000. It turns out that the
direct use of coal looks like the best single supply option Canada has. To
explain why, we turn first to the major problem of coal—pollution—and how
certain new technology appears to have largely overcome it.

POLLUTION

When coals are burned, the products emitted include particulates, carbon
and sulphur oxides, sometimes nitrogen oxides, as well as trace elements.

The best-known example of coal-produced air pollution was the London
smog. The cause was the British practice of burning coal in fireplaces with
no provision for cleaning up harmful flue gases and particulates. However,
this problem precipitated substantial changes in air pollution regulations in
Great Britain, with very beneficial results. ,

Twenty-five years ago, half of the houses in Canada were heated by burn-
ing coal in a cellar furnace, but this was done with relatively clean import-
ed ~oals. Still the air was full of soot. At that time, the population of
Canada was only l*t million. Today, any coal solution to our energy problems
would have to supply a far larger amount of energy using dirtier bituminous
(soft) coal. How, in the face of increased demand and dirtier resources, is
it possible to recommend a coal scenario?

In our judgement, the pollution problems associated with soft coal may
now be overcome by the new technology of fluidized bed combustion.2 In this
process, coal is mixed with limestone to chemically bind the sulphur pollu-
tants thereby converting them to an inert residue (which is useful as a soil
conditioner!). The result is that less than 10 per cent of the sulphur oxides,
even from "dirty" coal, may escape into the atmosphere. In addition, the ni-
trogen oxides are avoided by the lower temperatures at which the system can
operate. There are other advantages. Combustion is more complete, and so
coal particle emission is reduced and can be almost completely eliminated by

101
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the addition of standard commercial equipment such as precipitators, cyclones,
and so on.

Fluidized bed boilers are now being installed in many countries. In the
United States they have passed the strictest clean air tests while burning the
dirtiest coals.3 The implications for Canada are enormous: for coal is a re-
source of huge dimensions, and being readily available, it is also cheap.

While great progress has been achieved in reducing the pollution problems
of coal, there are two remaining questions about the environmental impact of
burning huge quantities. As we noted in chapter 9 there may be a chance of
serious problems with atmospheric carbon dioxide, particularly beyond 2025.
The contribution of coal to this process is problematic Its combustion re-
leases carbon dioxide like any fossil fuel but it also releases particulates
whose effect could be to reflect light and cool the atmosphere. The net ef-
fect is sti'l undetermined. As well, it may be possible to overcome these
problems with technical innovations.^ Our judgement is that the carbon
dioxide problem is unlikely to be serious for as much as the next fifty years*

The other question concerns the trace amounts of metals and other ele-
ments like arsenic, lead, selenium and, perhaps most importantly, mercury
which may be released by the burning of coal. We need only mention the word
mercury to indicate the potential seriousness of significant amounts of it in
the environment. Unfortunately at this point there is no conclusive research
—indeed there is very little research of any kind—on this subject. What
little there is suggests that the fluidized bed design and operating character-
istics seem to prevent or at least greatly reduce the emission of these trace
elements.5 Currently researchers are enthusiastic about fluid beds meeting
any environmental standard. Still, because of the potential importance of
coal in our energy future, additional research on this matter should have high
priori ty.

A final point should be noted about the fluidized bed combustion. It Is
highly efficient so more useful heat per unit of fuel is produced, and it has
a smaller volume than conventional burners of the same output. Commercial
sizes range from a few hundred kilowatts (thermal) to about 200 thousand kilo-
watts. The former could heat an apartment block, while the latter could pro-
vide heat and hot water to a community of 30,000 in Canada. Larger units are
possible. Many manufacturers now make them and several offer warranties.

DISTRICT HEATING AND OTHER COAL APPLICATIONS

Overcoming the pollution problems associated with coal opens up the pos-
sibility of this resource meeting Canada's energy shortfall over the next twen-
ty years and well beyond. While the technology is widely adaptable, the most
promising approach is to use it in industry and district heating. This latter
means simply heating water with a large coal-fired central plant and then
piping this water underground to individual buildings.6 Such a system is very
efficient and, as we shall see, produces comparatively cheap energy, using
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fluid bed combustion technology.

The "Coal Solution" is presented in figure 10.1. It shows 1.86 quads of
secondary energy being derived from this source by the year 2000, 30 per cent
of our space-heating requirements, and 60 per cent of industrial heat. Such
a level of use helps justify the large capita) costs associated with laying
down the pipes, connecting individual dwellings, and so on. It should be
noted that in Europe, where these systems are common, district heating plants
are heavily concentrated in urban areas. The question of load density is an
important one which has caused some questioning of the economic viability of
district heating systems in Canada. We have assumed a peak load of one-half
million Btu per acre per hour. European experience has shown that *»00,000
Btu per acre per hour (30,000 kilowatts per square kilometer) is the economic
minimum. This in turn assumes a housing density of eight dwellings per acre,
somewhat higher than the suburban Canadian average, but very much below the
denser parts of all Canadian cities. A U.S. study done by the Brookhaven
National Laboratories concluded that 55 per cent of the space-heat load of the
United States was theoretically accessible by district heating economically.7
The more northerly the location, the more favourable economics were found to
be. As the Canadian climate is still more severe, it suggests that 60-70 per
cent of Canadian space heat could ultimately be so provided. However, we have
taken only 30 per cent as the level attainable by the year 2000. This is easi-
ly sufficient to close our "gap."

There is little doubt that for the system to be economical, a high propor-
tion of residents in any area would have to be served. It is conceivable that
some people in city centres would have to give up their present heating fuels
to be connected to the district heating system. The natural gas and electric-
ity thus displaced might go for use in the suburbs, in turn freeing oil for
use in transport. This reflects the separate functions of oil, natural gas,
and district heating on energy supply and demand, and would require some com-
plex planning and co-ordination by different levels of government. Interest-
ingly, the experience in Europe has been that most people are anxious to par-
ticipate because of the comparative cheapness of district heating. Only the
deliberate pace of expanding the system has prevented more people from enjoy-
ing its benefits. Needless to say, it has been speeded up since the notorious
oil crisis of 1973- In March 1978, Enkoeping, a suburb of Stockholm, became
the first community (we know of) to fire its district heating system with coal
burned in a fluidized bed combuster!

In our scenario, coal is also applied to the industrial sector. It pro-
vides 1 quad of secondary energy out of a total industrial heat demand of 1.^5
quads, or about 67 per cent. This application is, of course, where most coal
is currently used, although in 1975 it supplied only about 28 per cent of in-
dustrial heat. District heating significantly improves the outlook for coal
in industrial applications, because the delivery infrastructure would inevita-
bly have to be expanded. This would cut costs overall because the transporta-
tion and handling component could be amortized against a much greater through-
put of the resource. Jt would also improve the easy availability of coal for
industrial applications and it is likely that Canada's comparative advantages
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in the future will continue to be in heavy industry and resource processing:
steel, smelting, pulp and paper. These industries could certainly gainfully
use coal for process heat. For these reasons, we have assumed this industrial
expansion of coal is feasible in the 1975-2000 time period.

RESOURCES

The coal resources of Canada are huge, easily enough to support this sce-
nario. Supplying almost 2 quads of secondary energy from coal annually would
require yearly production of about 90 million tons, as illustrated in ourprb-
duction curve on figure 10.2. That, in turn; presumes some 8.5 billion tons
of mineable reserves. In addition, coal must be supplied for other uses,
principally electricity generation, which we estimate raises the mineable re-
serves requirement by another 3«5 billion tons to a total 12 billion over the
next fifty years. This is only 6 per cent of Canada's coal resources which
have been summarized in table 10.1.° •.-..-

Table 10.1

CANADA'S COAL RESOURCES

P rov i nee

Nova Scotia

New Brunswi&k

Ontario

Saskatchewan

Alberta

Plains
Outer Foothi1 Is
Inner Foothi1 Is

British Columbia

Southeast
Northeast
Other

Total

GRAND TOTAL

Measured

335

35

240

1,650

19,600

10,000

6,930
1,100
2,030

31,900

(M

10

1
7

11 ions Short Tons)
Indicated

,400
,200
,950

650

18

-

2,960

-

89,600
8,800
22,000

11,000

10,400
510
100

14,600

228,000

Inferred

557
-

-

3,790

120,000

56,700

40,000
8,500
8,200

182.000

Note; Columns may not add up due to rounding.
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While Canadian proven mineable reserves as a percentage of coal in place
are lower than the conventional figure of 50 per cent, there are huge re-
sources in the Alberta plains—estimated at 100 billion tons—which could be
surface mined at a high recovery ratio. (Alternatively, coal could be import-
ed from border, or near border, states such as Ohio, Illinois, and West
Virginia which have very large reserves of low-cost coal. They have a high
sulfur content, but even these could be burned^ cleanly in the fluidized bed.)

APPLICATION OF OTHER ENERGY

This scenario (figure 10.1) does require some careful, calculated adjust-
ments in the uses to which we put our various resources. Most, though not all,
oil would have to be reserved for the transport sector. Some residual heavy
oil, which is a necessary component of crude oil refining, would continue to
be used for heat. Natural gas would be employed in space heating and indus-
trial processes. We have also projected natural gas to be the prime mover for
remote site energy use, in the form of propane or butane, to run small motors
or for electricity generation. There are no conceptual problems with this ra-
tionalization of natural gas except possibly that of sharing between the natu-
ral gas and the district heating systems. Electricity would continue to sup-
ply the demand outlined in chapter 6. It meets some space-heat needs and a
small level of transport. The slack in the space-heating sector, from the
withdrawal of oil, would be taken up by coal-fired district heating plants.
In the 2000-2025 period, a shortfall emerges in the transport sector of .76
quads, about 20 per cent. This is not considered a serious drawback. If we
introduce some of the methanol we produced in our last scenario we can cover
off this requirement easily.

PRICES

Figure 10.3, "Coal Scenario—Comparative Prices," gives our estimate of
the prices required to make this scenario work- To begin with, we use coal as
the baseline price and let it drift upwards slightly to $*»0 per ton delivered
(constant 1975 dollars) by the year 2000. Although somewhat optimistic, this
is not impossible to defend in view of the availability of the resource.9 The
costs of opening new mines should not be much more expensive than existing
ones because many good sites remain, and with a district heating system, the
price of the fuel—coal — is a comparatively small proportion of total costs.

At that price, had district heating been introduced in 1975, the best
available estimate of cost is about $kGO per year to heat the average Canadian
home.10 Like electricity and solar, all the home-delivered heat is useable,
and on an oil equivalency basis this reduces costs per million Btu. This in-
cludes mining and transportation costs but assumes a large scale of operation.
(This last is for cheaper unit costs; if, for example, a suburb of Toronto
wished to introduce coal-fired district heating tomorrow, in the absence of
similar decisions across the country, the price might be higher than projected
here.) A price of $*»60 per year to heat the average home is competitive in
1979.
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FIGURE 10u3

Coal Scenario -
Comparative Prices

I - c£.
CO <

= - 5
— o

51 <£ i»

UJ Z

w° 3 -
a: LA

 J

< r-.

o —' -
a Z

(in 2000, $9.Wl06BTU's.or 3.2 cents/Kwh)

HOME HEATING OIL
DOMESTIC PRICE

O O

6 p
NATURAL GAS

_6.53 ($0.85/gal lon)

.6.00 ($6.00/103f t 3 )

^ C0AL-FIRED_DI_STRICT HEATING _kM ($/,60/100xl06BTU)

.10 ($^10/l00xl06BTU)
_01L_-_ P.0HE5LIC 3.50 ($20/bb 1)

PRICE

y5 ($12.70/bbl)
/1.50 ($1.50/103ft3)..

COAL 1.60 ($ i f0 / ton)

^ 3 0 / ton)

1975 2000 2025

YEAR



I
I
I
I
I
1
I
I
I
I
I
I
I
I

109

Assuming that coal-fired heating prices can be kept in this range, what
does that imply for the prices of other energy resources? If oil were to rise
to $20 per barrel by the year 2000, home heating oil would always be more ex-
pensive than coal-fired district heating. Natural gas at Btu price equiva-
lency with oil by 1990 will pass coal-fired district heating very shortly.
Beyond the year 2000, this scenario would have the effect of removing oil from
the space-heating sector, thus moderating oil demand.

In the case of electricity, this scenario projects a price rise, but less
than for oil. This is in tune with the scenario developed in chapter 6 of
this study. Assuming the current technique of all-electric heat, home-heating
costs are still expected to be higher for electricity than for alternatives
throughout the 1975-2025 period.

With these prices in mind, we calculate that the total annual capital
costs of energy by the year 2000 would be 5.8 per cent of GNP.ll This is well
within our provisional economic limits.

i

SUMMARY

In our judgement, coal is certainly the most promising of the "new sup-
plies" to meet the energy gap of the next twenty years. In our scenario, it
is projected to supply 22 per cent of Canada's secondary energy and 30 per
cent of all space heat by means of district heating systems. This has the
following advantages.

1. The coal resources of Canada are very large, certainly capable of
supplying any foreseeable demand.

2. District heating costs in large applications are acceptable and are
likely to remain relatively steady over long periods of time.

3- The extensive use of coal for space heating frees oil to be used in
its most valuable application (transport fuel). Natural gas can be exported,
or perhaps better still, upgraded by its use as a hydrogenator in the produc-
tion of large amounts of methanol from forest biomass and possibly liquid
fuels from coal.

k. The pollution associated with the use of coal can be controlled by
the new technology of fluidized bed combustion.

5- Coal is the only energy source that provides a large margin for error
I in estimates of future energy demands. Such error can arise from an overesti-
• mate of conservation potential, an underestimate of future economic growth,

and/or an overly generous estimate of other energy availability, particularly
natural gas and oil.I

I
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This is an impressive list of advantages. There is, however, a cloud on
the horizon—the possible danger of trace element emissions and carbon dioxide
build-up in the earth's atmosphere from coal (or any fossil fuel) combustion.
This potential threat means that the very long-term prospect for coal may not_
be as good as the medium-term one. All the same, the coal scenario is unique.
It is Ithe only one of the "new supplies" which by itself can conceivably elim-
inate our year 2000 energy gap and thus avoid the radical demand solution:
low growth.

I
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Chapter Eleven

ARGUMENT, FINDINGS, CONCLUSION

We have completed our investigation. What remains is to spell out as
clearly as possible the argument and main findings and to draw our own conclu-
sion.

Before doing so, however, we should acknowledge that in an investigation
of this sort about a subject as complex as energy, there is a certain abstrac-
tion, even artificiality, which creeps into the analysis* At various points
in our argument we have employed devices—heuristic devices—such as the "gas
fix" which are intended more as a way of clarifying the argument than as an ex-
pression of intellectual conviction.

We do not apologize for this artificiality in our study. It is an essen-
tial requirement of any attempt to understand and define the elements of the
energy equation. Unless this is done, discussion is likely to vanish into
the mists and inconclusiveness of day-to-day controversy. It was, we remind
the reader, our objective to assist Canadians off the roller-coaster of pub-
lic opinion. To do so demands a rigorous and decisive selectivity, a willing-
ness to say what matters and to abide by it.

Just the same, it remains for us, and for the reader who is satisfied
that our investigation has been done well and carefully, to carry its lessons
back into the world of immediate energy choices. If controversy without anal-
ysis is befuddled, analysis without controversy is sterile.

SUMMARY OF ARGUMENT

1. Energy is significant not for its own sake but because it is linked
to human activity, especially economic activity. In this study we admit the
possibility for some substantial improvement in the link between energy and
economics but conclude that a link must remain. We also set down as our pro-
visional energy "budget" in the year 2000 a ceiling of 7 per cent (of GNP) en-
ergy investment, 10 per cent total energy costs. Significantly we have found
options which exist within this limit.

2. The most striking characteristic of our current energy supply is its
domination by a single resource: oil. The first step in our study—hardly
original — is the discovery that this situation cannot continue. If energy
consumption were to continue to grow at the rate of the past twenty years, oil
—optimally produced—would supply only 11 per cent secondary energy demand in
Canada in the year 2000 as against the current 57 per cent. This decline of
oil, unless offset by other developments, would represent a wrenching adjust-
ment for Canada.

Ill
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3. In our judgement the demand for energy can and must be moderated,

I
I

though if possible by amounts which are still consistent with the main fea- I
tures of the Canadian way of life. We have calculated that this must allow
for a minimum 3-5 per cent rate of economic growth and an average saving of
energy through conservation of 30 per cent per unit of GNP. The combined ef- •
feet of these changes is to reduce total demand for energy in the year 2000 by •
about 50 per cent over what it would be if past trends continued, and to mod-
erate the decline in oil's share of that demand to about 30 per cent. To fill K
the balance of supply we next turned to familiar sources. (

h* According to our calculations, the availability of natural gas allows «
for its supplying no more than its current share of demand—about 22 per cent* •
In any case there is no question of making up by itself the "oil gap,"

5. Electricity, as chapter 6 reveals, is an altogether more complicated K
matter. There is no simple resource constraint but rather a complex cost con- II
straint. Electricity in its only application which can be greatly expanded--
space heating—is very expensive. For this reason we project its share of %
Canadian secondary energy demand in the year 2000 at 26 per cent, significant- £
ly higher than the current 15 per cent, but still insufficient to close the
oil gap. At the same time we describe the interesting possibility of an elea- ^
trie hybrid system which might allow somewhat greater use of electric space •
heating, or at least would supply the projected amount at lower costs. *

6. With our familiar supplies we have used up three-quarters of our en- K
ergy investment budget and have supplied slightly more than 80 per cent of our m
projected demand. At this point we are faced with either further reduction in
demand or the provision of "new supplies." m

7- There are two ways of radically reducing demand for energy: by con-
servation far beyond the amounts described earlier in the study or by low eco- ^
nomic growth. We argue that super conservation does not work by itself but •
rather is likely to lead to low growth. Our calculation is that an economic •
growth rate averaging about 1.75 per cent a year is entirely adequate for the
elimination of the energy gap. Unfortunately, in our judgement, the cure is M
worse than the disease. The results of low economic growth are likely to be 1
steadily mounting unemployment and social instability, at least when brought
in so suddenly in the next twenty years. m

For this reason we press on beyond this demand "solution" in a search
for new supplies. There are three major sources of supply which are serious
candidates for closing the energy gap. I

8. The sheer volume of in situ tar sand oil makes it a very attractive
possibility for the future. Our scenario provides the possibility of such •
supplies allowing Canada to continue as an "oil economy." However, there is §
a relatively low probability that commercially viable technology will be de-
veloped, and that oil from this source can actually be delivered to consumers, m
in sufficient quantities, by 2000. I

I
I
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9. The only renewable scenario which helps to solve Canada's energy
problem in the next twenty years or so is that of methanol from biomass used
as a transport fuel, with oil and gas concentrated in the heating sector. We
raise the interesting possibility of producing large quantities of methanol
for export by using natural gas for hydrogenation. Besides methanol, we see
solar energy as making only a modest contribution—about 17 per cent of space
heating at the outside—owing to its high capital costs.

10. In our view, the use of coal for industrial heat and district heat-
ing is a feasible means of meeting the energy gap. The security of supply is
high, the Btu per dollar ratio is good, the resource base is huge. The tradi-
tional pollution problems have been largely overcome by fluidized bed technol-
ogy. Should such an approach be adopted, oil supplies would be concentrated
in the transport sector, and natural gas distribution rationalized with the
district heating system- The only drawback may be aggravation of the atmo-
spheric carbon dioxide problem in the long run.

11. Ignoring our "interesting possibilities," we would rate each of our
single supply solutions in the following way: coal-fired district heating
and process heat the best; methanol for transport produced from biomass is
our second choice; in situ tar sands is a rather distant third choice owing
to technical and cost limitations, but with very substantial long-term domes-
tic and export potential if these limitations are overcome.

NEW MIXES

Each of the new supplies—in situ, renewables and coal — represent the
search for a "single solution" to our forecast energy gap. We asked whether
any one of these supplies by itself could solve the problem. We concluded
that coal was the most promising possibility, followed (in order of promise)
by methanol, in situ tar sands and, lastly, solar. We also concluded that
all of these scenarios, the most attractive included, have problems of one
sort or another connected with them.

Of course, as we acknowledged earlier, there is a certain artificiality
about proceeding in this way. Our options are net in fact as rigidly de-
fined as these single-solution scenarios suggest. We can always try new
mixes*

Suppose we projected that all of our new supplies would be available in
some degree, so that none had to do the whole job. This means less forced
rationalization on the demand side of the equilibrium to suit the characteris-
tics of the available energy sources. It also implies fewer drawbacks on the
supply side. For example, if we are doubtful about having the capacity to
build enough tar sand plants as a single solution, we can make efforts to es-
tablish methanol production, which requires a different infrastructure. The
work-load can thus be spread out among different resources. This approach
also has the advantage of common sense since it is unlikely—and probably un-
wise—that we should put all of our energy eggs in one basket. And bringing



on stream a bit of each would not raise costs, it might even lower them.
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We have not bothered to design a formal scenario illustrating a hypothet-
ical "new nix." There are many possibilities. However, certain principles £
should be highlighted. First let us note the best application of our new sup- |
plies: coal in industrial and space heat, methano1 as a transport fuel, and
in situ tar sands for all purposes. As each of these supplies becomes avail-
able, it creates new possibilities in the supply-demand equation. •

If we introduce coal on a large scale for industrial process heat and to
fire district heating systems in city cores, we can displace oil and gas. If
The gas component can be put to good use in the suburbs for space heating or "
upgraded by using it in the production of methanol. The displaced oil is
available for remote location space heating or upgrading as a transport fuel. *•

Methanol can be used as a domestic gasoline and diesel fuel extender.
Its easy application (without redesign of car engines) is limited to a cer-
tain proportion of total fuel, but we can probably export any surplus. Metha- •
nol eases the transport fuel supply problem, but does not solve it. However, *
thanks to district heating, we can also assume relatively more oil is avail-
able for the transport sector and this may do the job. •

Any in situ tar sand oil that is available simply eases these solutions.
The picture is even more promising if we add the "interesting possibilities" m
of gas for hytirogenation and hybrid electric space heat. The hybrid system •
would go into the suburban and remote areas thereby complementing the coal-
fired district heating in city centres. While this involves some increased
demand for oil as the optimal back-up fuel in a hybrid system, the natural I
gas savings could be directed to expanded production of methanol as a domes- I
tic motor fuel or for export.

1
THE CHOICE: POLICY OR DEFAULT?

There are clearly supply solutions to Canada's energy problem. Taking a I
minimum, but still acceptable, projection of life-style continuity, we have
the energy required. We are within our provisional investment and cost limi-
tations. We do not need to recalculate new price maxima nor project still I
more conservation. I

But the new supply options turn out to be surprising. They include the •
expanded direct use of coal (district heating); alcoholic motor fuels distil- |
led from forest biomass (methanol); a new operational use of electricity in
space heating (the electric hybrid); natural gas as a source of high-value _
transport fuel (hydrogenation); and an in situ extraction process for the tar I
sands. The last is the only commonly considered possibility and yet we are
forced to rate it as the least promising of our options.

Notwithstanding all of this we remain unconvinced that an adequate supply 1

I
I
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solution to our energy problem will be achieved. We would judge that making
the supply options we identify workable will require a considerable further
development of Canada's energy policy, and furthermore, at all levels of gov-
ernment.

But the great advantage of low growth-^-despite.alII of its disadvantages
— is that it seems to us that it requires no policy at all. If we simply sit
back as a country and let events unfold, supply and demand wi11,inevitably,
maintain their balance. The thing is it will be a very unpleasant—and in
our judgement—unnecessary balance.
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PROLOGUE

1. Canada was not a major producer, but she was not insignificant either,
accounting for 3-^ per cent of world crude production in 1973* standing
tenth globally in crude output that year. And in 1973, Canada was the
largest single supplier of crude oil to the United States—31 per cent of
U.S. crude imports, more than the United States purchased from the Middle
East. (Twentieth Century Petroleum Statistics: 1974 (Dallas: DeGolyer --
and MacNaughton, 1 September 197*0, pp. 3, 56, and 57.)

2. The immediate response to assure continuity of supply was actually to
send western Canadian crude to Quebec via the St. Lawrence Seaway end the
Panama Canal. Such shipments continued until July 1975- Regarding an ex-
panded pipeline system, the prime minister had indicated to the House of
Commons on k September 1973 the government's intention "to hold early con-
sultations with provinces and industry on the expansion of pipeline facil-
ities so as to enable Canadian oil to be shipped into Montreal." On na-
tional television, 22 November 1973* Mr. Trudeau indicatec' that the deci-
sion to extend the Interprovincial Pipe Line ((PL) had been taken. On 6
December 1973, speaking to the House, he characterized construction of the
pipeline to Montreal as the "single most urgent step towards attainment of
our national goals." Nevertheless, due to certain delays, the National
Energy Board decision and associated deficiency agreement did not appear
until May 1975, and first shipment of crude through the completed exten-
sion occurred in June 1976. Extension of the IPL was necessarily a longer
term response.

3. The productive capacity in western Canada had expanded in response to ex-
port opportunities, and was being utilized almost to its limit in early
1973 (the operative constraint at that time, by a narrow margin, was the
capacity in the IPL to carry additional crude for export). Smce then, it
has been a policy decision to exploit our oil resources at less than pro-
ductive capacity, broadening and lowering the production curve and thereby
reducing the rate at which productive capacity in western Canada would
fall in the future*, We shall look at this question of the shape of the
production curve in chapter 2.

4. "World Energy Supplies 1950-1971*," United Nations Statistical Papers, Se-
ries J, No. 19, table 1, p. 2.

119



Chapter One

To illustrate the ubiquity of energy, take the case of agriculture. Only
one major continent in the world is left as a large-scale net food export-
er: North America. Its agriculture is highly energy intensive (and oil
intensive), being virtually completely mechanized. Only such labour-
saving devices can generate huge food surpluses. This has led to the
joke that "land is a technique used for turning petroleum into food."
(We are indebted to Dr. Ken North of Carleton University for this little
gem.)

This figure is drawn from Statistics Canada, Detailed Energy Supply and
Demand in Canada, 1975, Cat. No. 57-207 (Ottawa: Supply and Services
Canada, 1977). We emphasize that this is a picture of the system in 1975.
Certain essential features of supply and application will remain steady
over time, but details change year by year. The height of the bars is
proportional to the quantities of energy supply and use. The diagram
does not include energy derived from wood and used mainly by the forest
industries or other self-supplied sources of energy. The oil used for
generation of electricity (119 trillion Btu) is actually heavy residue
and not crude. LPG is liquid petroleum gases. The amounts of energy
used by the branches of industry are approximations.

There is a problem with terminology in the energy field. Energy at the
point of use is not termed secondary by Statistics Canada (Detailed Ener-
gy Supply and Demand in Canada, 10?t), which is a major source of informa-
tion in this field. It is, however, if one reads National Energy Board
publications ("Secondary energy is the energy that is received by the con-
sumer..." (National Energy Board, Canadian Oil Supply and Requirements
(Ottawa: Supply and Services Canada, 1978) p. 93)), or those of Energy,
Mines and Resources. In Statistics Canada's usage "end-use" energy is a
mixture of primary and secondary forms. One secondary form can also be
transformed into another, for example, diesel oil to electricity or coke
oven gas to electricity. In short, Statistics Canada consideres the ener-
gy available to users as the net primary supply plus the net secondary
supply. However, for simplicity, we have retained the use of the word
"secondary" to mean "end-use" energy.

In order to make primary energy statistics between different countries
comparable, hydroelectric is often assumed to be produced from a ficti-
tious form of energy which is three times larger than the generator out-
put; to be exact, 10,000 Btu per kilowatt hour is taken as primary input
as opposed to 3^12 Btu per kilowatt hour, secondary output, and this we do
throughout this report, to determine primary electricity Btu equivalence.,

121
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3. The highest thermal efficiency currently being attained in large thermal- I
electric plants (condensing steam plants with regenerative-reheat cycles, I
reheat superheaters, primary pressures of some 3500 pounds per square
inch, and temperatures of about 620°C., rated at about 8500 Btu per kilo- m
watt hour) is approximately 40 per cent. The Carnot cycle is one stan- I
dard against which heat-power operations are frequently judged. The ther-
mal efficiency of the Carnot cycle with a heat-rejection temperature of m
M)°C,, and a steam temperature of 620°C. is about 65 per cent. Even this •
simplified calculation indicates that theoretically there is still a sig- ™
nificant margin for improvement in thermal power plant performance. How
much improvement can actually be achieved as combustion technology ad- •
vances is another question. CANDU nuclear reactors have an efficiency of I
30 per cent, but any further improvements would require replacement of the
heavy water as moderator. This would require major redesigning. Given K
the asymptotic nature of the efficiency curve, economics play a progres- I
sively greater role in the attempt to boost efficiency.

k. Let us look at the end uses of oil and electricity, as shown in table •
1.1A.. Transport fuel, and diesel fuel in other sectors, account for 52 ™
per cent of total oil products. The balance is used for heat. Of partic-
ular interest is the large quantities of heavy fuel oil, used almost en- •
tirely for heat. New technology is already developing to permit its con- |
version to lighter components so that nearly all oil could be used by the
transport sector. This is important because fuel for mobile equipment is m
a use with very few substitutes. I

Table 1.2A illustrates the final uses of electricity in Ontario, where
figures were readily available and well detailed. The Canadian average is I
similar. The large proportion consumed by motors (52 per cent) is note- •
worthy. So is the amount used for space and hot water heating (25 per
cent). Lighting takes 17 per cent and appliances 6 per cent. Whereas the •
heating application of electricity is non-optimal—alternatives exist and |
are widely used—there are no substitutes for about 75 per cent of its
current applications. _

We may note at this point that natural gas is almost entirely used for
heat, most of it "low grade" (below 100°C). Coal is used mostly in the
metallurgical industries and for electricity generation. The amount of it I
used for heat directly is currently negligible. I

5. The United States has the reputation of being the highest per capita user •
of energy. This is incorrect. The error is caused by comparing primary |
energy for the United States with a mix of primary and secondary energy
for Canada* Canada's large hydroelectric (secondary) output is counted as _
primary energy and then added to other primary forms. However, if this I
hydroeiectricity were converted to an input fuel at 10,000 Btu per kilo- *
watt hour, as has been done in figure ] .k (Part I), and as is the custom-
ary international practice, then Canada's primary energy use per capita is I
15 per cent higher than that of the United States. Canada also uses I

I
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Table L1A

CANADA 1975
DISPOSITION OF OIL PRODUCTS
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Data from: Statistics Canada, Detailed Encrait Giqq. .';/ and Demand in Canada, 1975, Cat. No. 57-207
(Ottawa: Information Canada, 1377). -
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Table 1.2A

END USES OF ELECTRICITY IN ONTARIO 1974
PERCENTAGE OF TOTAL

. - - r - '

Residential

Commercial

Industrial

Total

MOTORS

6.6

13.85

31.5 r

52.0

HEAT

17.4

-- 1.5B

: 5.67

24.6

LIGHT

2.51

10.6

---..*• 22

17-3

OTHER

4.88

1 1.19

6.1

TOTAL

31.4

- ,27.2

100£

Source; Ontario Hydro.
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slightly more secondary energy per capita than the United States.

This is not to say, however, that Canadians are necessarily as wasteful of
energy as is commonly supposed. Given the standard of living, the compar-
ative advantages the Canadian economy has historically developed, and the
cold climate, it may be that the Canadian energy system is as efficient as
any other-

6. The rise in the primary energy curve since 1969 must be noted. It re-
flects the rising costs of producing energy and the increasing share of
supply produced by electricity.

7. In the case of the United States, this is shown in figure 1.1 A which cor-
relates energy con unption and GNP, and figure 1.2A which shows the annual
growth in energy, employment, and GNP since 19^8. A great deal of inter-
national work has been done recently to model the interactions between en-
ergy and the economy. For example, a review of five models of this prob-
lem may be found in Charles J. Hitch, ed., Modeling Energy-Economy Inter-
actions: Five Approaches (Washington, D.C.: Johns Hopkins University
Press for Resources for the Future, 1977).

The standard approach taken by the modeller is as follows:

1. Start by projecting GNP independently of energy consumption. This
projection is made by estimating future population, labour force, and
other relevant factors, especially productivity.

2. Calculate the energy consumption that is needed to generate this GNP.
In doing this, relationships between energy consumption and price
(elasticities of demand) are assumed-

The models show that in the long run (fifty years) GNP and energy use can
be decoupled so that gains in GNP may be made with small increases in en-
ergy use. However, in all these models, there are two critical assump-
tions:

1. The price elasticity of demand (which contains elasticities of substi-
tutions). This is not known accurately. Small errors in the value
can cause large errors in energy estimates.

2. Productivity. This is assumed to increase independently of what hap-
pens to energy use. In the past, large gains in productivity were
made by substituting energy for labour and capital. Reducing energy
use in the future (substituting labour and capital for energy) may re-
duce productivity (thus reducing the productivity of labour and capi-
tal). The models do not address the problem of productivity directly.
For example, they do not tell us what new energy-efficient technolo-
gies and processes might substitute for the present ones. Therefore,
the conclusions are not completely credible and the question of wheth-
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FIGURE U2A

Annual Growth for IKS. Energy Use, Employment and GNP,
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er GNP and energy use can be decoupled remains unanswered.

I
I
I

Histograms of this sort will be employed throughout our study. They rep-
resent, as clearly as any means, our projections of supply and demand —
equilibrium. The calculation of total secondary energy demand is based I
on assumed rates of energy growth—here 5 per cent per year, later in the
study a reduced rate. Because there are distinct energy problems associ-
ated with primary energy as distinct from secondary, and because the re- 1
lationship between the two varies with different energy sources, we wi11 I
describe the implications for primary demand where necessary in the text.

By portraying supply and demand equilibrium, it is possible to highlight Jf.
the following essential factors in the energy problem:

H
- The quantities of supply •
- The quantities of application or end use ™
- The matching of supply and end use
This methodology establishes three criteria which any scenario must meet: m
sufficiency of the resources, usefulness or application, and costs.

We must direct the readers attention to a final point. Statistics on I
secondary energy use are published for economic sectors such as residen-
tial and farming, industrial and commercial; and indeed when, in chapter k, „
we project the energy savings through conservation that are possible in I
the Canadian economy, we do it on this basis. However, the important fac- *
tor in energy demand is the application to practical purposes such as
space heating, lighting, movement of goods, and it is in this way that we I
present secondary demand in the histograms. Table 1.3A, describing in de- I
tail the connections between economic sectors and end uses, has been con-
structed with the following conditions and assumptions: m

- Space heating in the "residential and farm" and the "commercial" sec-
tors includes consumption for that purpose of all fuels except electric- .
ity. The small percentage of space heating now provided by electricity I
is included in the "grid" component. •

- In the "industrial" sector, it is calculated that half of natural gas I
consumption and all light fuel oil are used to provide low grade heat, |
which we include, for simplicity, in the space-heat component. Indus-
trial heat—heat for industrial processes—consumes all of the coal, m
coke, liquefied petroleum gas, still gas, heavy fuel oil, and one-half I
the natural gas in the industrial sector.

- Remote site fuel (R/S fuel) for on-site electricity generation is sup- I
plied by diesel fuel oil and kerosene. - •

- Electricity is defined solely as "The Grid," that is, electricity gen- I
erated by utilities and large commercial firms. |

I



Table 1.3A

1975 SECTOR - APPLICATION DEMAND MATRIX
(Trillions of Btu's)

•^--^APPLICATION
SECTOR ^ ^ ^ ^ ^

Residential G Farm

Commercial

Industrial

Sub-totals

Transportation

TOTAL
SECONDARY ENERGY

SPACE
HEATING

944

500

341

1785

INDUSTRIAL
HEAT

820

820

ELECTRICITY
(GRID)

219

224

369

812

REMOTE-SITE
FUEL

130

130

SUB-TOTALS

1163

724

1660

3547

1540

5087



I
130

9. Energy, Mines and Resources Canada, An Energy Strategy for Canada: Poli- •
i ( f 6) 6 |

gy, gy gy f
aies for Self-Reliance (Ottawa: Information Canada, 1976), p. 106.

I.R. D
Energy
p. 16.

10. I.R. Downs, The Availability of Capital to Fund Development of Canadian m
Energy Supplies (Calgary: Canadian Energy Research Institute, 1977), I

In addition to the question of the shares of investment going to differ- I
ent economic sectors, there is the matter of how fast investment can be »
increased given the limited availability of skills and equipment. As the
CERI study states: "the rapid acceleration of investment in any sector ft
tends to create supply bottlenecks for special equipment and special %
skills, and a rise in relative prices may be required to evoke an adequate
level of supply of these necessary inputs into investment" (p. 16). m

11. For the interest of the reader, we have provided a table (table 1.4A) des-
cribing what the 10 per cent ceiling would mean for an acceptable cost of
energy in Canada and nine other industrialized countries. It should be ft
noted that these figures are for comparison only and are before any spe- I
cific attempts at energy conservation. There may be perfectly valid rea-
sons why other countries may or may not be able to devote a higher propor- •
tion of GNP to energy.. The energy used per unit of GNP for the United |
States is about the same as for Canada, but it is nearly twice as high as
for Germany, Sweden, France, and Japan. For reasons having to do with the »
structure of their economies, geography, and climate, these countries can I
afford to pay twice as much per unit of energy as Canada though devoting
only the same proportion of the national income to energy. It follows
from this that they can afford to utilize higher cost energy sources than 1
Canada is able to, and their energy problems may turn out to be easier to I
solve, provided there is an international market where they can buy those
energy forms they do not themselves possess. •

I
I
1
I
I
I
I



Table l^A

WHAT CAN ECONOMIES AFFORD TO PAY FOR ENERGY?

COUNTRY

Canada

U.S.A.

U.K.

Italy

Japan

Sweden

Spain —

W. Germany

France

Swi tzeriand

GROSS DOMESTIC PRODUCT
UILLION
$C1975

165.1

1538

205. 1

161.7

469 < 4

6/4.6

95.3

392.3

315.6

52.5

ENERGY USE
THOUSAND

PRIMARY

47.3

43.8

38.9

32.1

28,3

25.6

26.1

25.1

21.0

17.6

PER UNIT GDP
BTU/$C1975

SECONDARY

30.9

30.1

25.9

22.3

18.6

18.6

17.5

17.1 .

14.7

10.7

MAXIMUM PERMISSIBLE ENERGY
PRICE IF ENERGY COSTS WERE

103 OF GDP
$C1975 PER MILLION BTU

PRIMARY i SECONDARY

2.12

2.28

2.57

3.12

3-53

3-36

3.83

3.99

4.77 ' ..'.

5.65

3.24

3.32

3.86

k.k8

5c 36

5.38

; 5.71

5.86

6.80

9.31

Note: Currency exchange rates at end of 1975 were used to convert GDP1s. We assume GDP equals GNP=

Since economic costs are involved in converting primary to secondary energy, the prices for
primary used in this table are higher than actually acceptable under operating conditions.
For acceptable estimations, prices for secondary energy should be used.

S o u r c e : P r i m a r y E n e r g y : British Petroleum Statistical Review of the World Oil Industry •<_ ;,
P o p u l a t i o n s : United Nations Statistical Yearbook 1976 ' ' '•,.;•;,• ,•



Chapter Two

We have drawn on the recent publication, National Energy Board, Canadian
Oil Supply and Requirements (Ottawa: Supply and Services Canada, 1978),
to derive these figures. Table 2.1A sets out Canada's reserves in detail.

Table 2.1A

REMAINING RECOVERABLE
(Bill

Established Light Crude

New Discoveries

Enhanced Recovery

Total

Established Heavy Crude

New Discoveries

RESERVES AS OF
ion Barrels)

Undeveloped Pools, Conventional Recovery

Enhanced Techniques

Total

Grand total as of 1 January 1978

1 JANUARY

5.

1.

1.

7.

•

•

•

1.

3.

10.

00

30

00

1978

30 bill

783

l»00

kio

750

353

65

bil

bil

ion barrels

1 ion barrels

1 ion barrels

If we wished to back-date these reserves to 1975 (the statistical baseline
for this report), we could add 1976 and 1977 production—583 million and
585 million barrels respectively—for an end-1975 total of 11.82 billion
barrels.

Calculating the oil resource base Canadians may depend upon is a contro-
versial exercise. Published estimates within the last decade have ranged
from a supply low of nine years to a high of several centuries. In this
confusion, voices have urged nationalization of at least one major oil
company so as to ensure fairly reliable forecasts of what Canadians can
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e x p e c t in t h e w a y o f d o m e s t i c oil a v a i l a b i l i t y .

I
I
I

One well-known description of oil production is the "Hubbert cycle,"
named after the American geologist, King Hubbert, The Hubbert cycle is a B
statistical description of production from large reservoirs (e.g,, west- J
ern Canada), which says that production will peak when half the total re-
coverable resource has been extracted. Following that, production will «.
decline as almost a mirror image of earlier increasing production. •

Like any statistically based theory, it is subject to disagreement and in-
deed not every eminent geologist supports it, although many do. If one is 1;
prepared to accept the theory, it provides a convenient basis for crude P
forecasts. As a broad generalization, it is possible to compare rates of
new discoveries, and hence additions to reserves, with the total rate of SL
production from all fields, and derive a forecast date when oil production m
has actually peaked, or has merely undergone an accidental "blip" in pro-
duction.

I
For a detailed accounting of Hubbert's ideas (and his views of others1 es- •'
timates), see K. Hubbert, "U.S. Energy Resources, a View as of 1972," a
background paper prepared for the U.S. Senate Committee on Interior and K
Insular Affairs (Committee Print, Serial No. 93-4O (92-75), Part 1, 93rd |
Congress, 2nd Session, 1974), or U.S. National Academy of Sciences, Re-
sources and Man (San Francisco: W.H. Freeman, 1969). *

The matter is not quite so deterministic as this may imply. It is possi-
ble to extend production to a certain degree by what is known as "enhanced
recovery." Over the years, a good deal has been learned about how to main- 1
tain field pressure, such as by injecting steam into the oil pool. Recov- »
erable crude oil in Alberta (produced to date plus remaining recoverable
crude in known deposits) is estimated to represent 32 per cent of the oil
originally in place, 21 per cent attributed to natural depletion, and 11
per cent to enhanced recovery. Source: Alberta Energy Resources Conser-
vation Board, Conservation in Alberta, 1977 (Calgary: 1978, p. 18). H
(Alberta produces over 80 per cent of all Canadian oil.) I

I

Still further improvements in recovery may be possible. In 1971. the U.S.
National Petroleum Council observed that, at year-end 1969, cumulative oil I
recovery efficiency in the United States had reached 30.3 per cent, from 1
some 25 per cent in the early 1950s, and forecast a further rise to 37
per cent by 1984. No particular limit to this improvement was mentioned, •
although clearly it is a complex function of economic and technical con- |
siderations. These figures are drawn from "U.S. Energy Outlook: An Ini-
tial Appraisal 1971-1985," Volume Two: Summaries of Task Group Reports, _
An Interim Report prepared by the National Petroleum Council's Committee I
on U.S. Energy Outlook (Washington, D.C.: November 1971)- So in the
short run, oil production is not necessarily irreversible even on the
downside of the Hubbert cycle. And indeed, in a marginal way, average I
Canadian crude output in 1977 did rise over 1976 by about 20,000 barrels I

I
I
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per day. This temporary reversal might have been very significant had
Canada chosen—as it did not—to produce in 1977 at the maximum rate.

Recently, there has been a new find in Alberta, known as the West Pembina
field. It is the first large oil field found in western Canada since
1965 when the "Zama" oil field was discovered. It is probably fair to
say Chevron Standard Limited is responsible for finding West Pembina.
Gerald Henderson, vice-president, exploration, has said it is too early
to tell definitively how large it is, but a fair estimate might be O.** to
2.0 billion barrels of recoverable oil. This, by itself, is not terribly
significant. In 1977, Canada used 620 million barrels per year, so West
Pembina is between eight months and three years worth of supplies. On
the other hand, West Pembina is in a "mature" exploration region, that is,
already supposedly well picked over. It is the latest technology in oil
exploration, and particularly the latest seismic techniques, that made
its discovery possible. This, of course, raises the question of whether
there could be numerous other fields typically in deeper ground than com-
monly exploited fields, but detectable with modern technology. Signifi-
cantly, however, it took from 197^ to approximately the present to com-
pletely confirm the presence of this field, and its size is still unknown.

In the meantime, Canada had consumed if.6 billion barrels of oil between
1966 and 1975 inclusive (Energy, Mines and Resources Canada, Oil and Nat-
ural Gas Industries in Canada, 1978, Report ER78-2 (Ottawa: EMSR, 1978),
p. 70, Column 5 ) .

3- Differences in estimates such as this are more likely owing to the defini-
tions being used than real differences as to the size of the reserve.
The 22 billion barrels are "proved reserves of synthetic crude oil" where-
as the 250 billion figure is drawn rather differently:

The Board estimates that the ultimate crude bitumen in
place of the presently delineated oil sands deposits in
the Province will amount to some 1000 billion barrels. A
review of potential recovery techniques and deposit char-
acteristics leads the Board to believe that the ultimate
recoverable reserves of crude bitumen are approximately
330 billion barrels and the ultimate recoverable reserves
of synthetic crude are close to 2S0 billion barrels.
(emphasis added)

(Alberta Energy Resources Conservation Board, Reserves of Crude Oil3 Gas3
Nabia-al Can Liquids and Sulphur1, (Calgary: 1972), p» 3~3?)

k. As estimated by the Alberta Energy Resources Conservation Board. We have
quite deliberately excluded from consideration at this point any estimate
of oil extracted from the tar sands by in situ technology owing to its
still being unproven. Chapter 8 explores this possibility further as a
"new" energy supply source.
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5- It is drawn from the NEB's "base case" projections, as contained in Cana-
dian Oil Supply and Requirements, op. cit. The projections include esti-
mates of total domestic Canadian requirements for crude oil and equiva-
lent, and total Canadian domestic supply of oil. Of course, as projected
demand is greater than projected supply, it implies the need for imports*

On the supply side, the NEB projections take account of conventional oil
in "established areas," "additions to reserves," "enhanced recovery,"
"pentanes plus" (which are liquefied petroleum gases captured from an oil
well and available as an acceptable oil), and the "oil sands." "Heavy
oils" are partly under "oil sands," partly under "reserve additions," and
partly under "established areas," depending upon the specific location of
these deposits. Even the definition of "heavy oil" can change from place
to place, depending upon the relative viscosities of other local or known
oi Is.

It may be noted that the estimates for Canadian heavy oils in Alberta and
Saskatchewan have changed recently. We have a communication from Energy,
Mines and Resources, for example, that indicates that in the Cold Lake
(Alberta) area there could be 165 billion barrels for which a 20 per cent
recovery factor is possible, and in the Lloydminster area 11 billion bar-
rels at a 25 per cent recovery factor. However, such heavy oil deposits
need an infrastructure scarcely less complex than the Athabasca tar sands,
and we, in effect, discuss the further prospects of such Canadian oil in
chapter 8.

No allowance was made by the NEB for Canada's frontier regions on the
grounds that "it would be too speculative to adopt a potential estimate
for these areas at this time." On this basis, the board forecasts a total
producibility of crude oil and equivalent in 1995 of 1,392,000 barrels per
day.

On the demand side, the NEB concludes that by 1995 total Canadian require-
ments will be 2.30 million barrels per day, while domestic production is
foreseen to be \.k million barrels a day. This is a significant shortfall.
It is the sa"ie as the projected shortfall in 1985 when the difference is
that between a demand of 2.1 and a supply of 1.2 million barrels per day.
As can be seen from figure 2.1 (Part I), this potential shortfall can be
traced to changes in the relative producibi1ity of conventional crude oil,
which in the board's projections follow a Hubbert curve, and oil from the
Athabasca tar sands which does not.

The technical reader may be interested in some definitions and notes con-
cerning the NEB base case projection:

a. Total requirement for crude oil and equivalent comprises market pro-
duct sales, minus product imports, plus product exports, minus losses,
industry use, and other adjustments, and minus gas plant butanes sup-
plied to refineries. In turn, sales of refined petroleum include mo-
tor gasoline, light fuel oil, kerosene and stove oil, diesel fuel oil,
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heavy fuel oil, petrochemical feedstocks, and other products. This
base case or preferred forecast was made in the context of Canada's
total energy outlook and interfuel competition. On this basis, the
board forecasts a total requirement for crude oil and equivalent in
1995 of 2,297,000 barrels per day.

b. Total potential producibility of crude oil and equivalent is the "es-
timated average daily ability to produce crude oil and equivalent that
could be achieved on ninety days notice, unrestricted by demand, but
restricted by reservoir performance, well density and well capacity,
oil sands mining capacity, field processing, and pipeline capacity"
(National Energy Board, Canadian Oil Supply and Requirements3 op. ait.3
pu xxvi). The producibi1ity forecast comprises the following four
components:

- Established reserves of crude oil in conventional areas
- Anticipated additions to established reserves in conventional areas

from both improved recovery methods and new discoveries
- Pentanes plus from natural gas processing plants, in turn based

upon a deliverabi1ity forecast for natural gas
- Oil sands deposits

It has taken five years to construct an extraction plant capable of pro-
ducing 125,000 barrels per day. If Syncrude starts producing at full ca-
pacity in 1979, that would imply a maximum of only four times more capac-
ity by 2000. This would provide a total production from the tar sands of
about 700,000 barrels per day, including Syncrude itself and the smaller
50,000 barrels per day Great Canadian Oil Sands (GCOS) operation. This
assumes that a heavy oil upgrader, and any expansion of GCOS and Syncrude,
if used as substitutes for entirely new tar sand plants, would require
the same lead time as equivalent new capacity. If any hitch developed
(see below), it could easily mean overlapping construction of such plants.
While the resource base is adequate, there are questions about the avail-
ability of labour, particularly in certain skilled trades. Syncrude has
absorbed a considerable portion of the surplus skilled labour in the west-
ern half of the country; considering that'the James Bay hydroelectric pro-
ject has drawn on the eastern half, it is easy to understand why labour
markets would be tight if a speed-up was required in the development of
tar sands plants.

At a recent (October 1978) conference in Calgary on oil and gas prospects
organized by the Financial Post, Mr. Brent Scott, president of Syncrude,
alluded to some of these constraints and indicated that 700,000 barrels
per day from tar sands by 1995 was likely a "remote" hope. On the other
hand, because construction periods may not be directly proportional to
capacity, and because of differentiated functions of the skilled labour
as construction proceeds, plant construction can overlap to some degree
and still utilize a single work-force. An internal report of the govern-
ment of Alberta concluded that a new plant opening every four years rep-
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resented the optimum rate of exploitation, but not necessarily the maximum
rate.

A few words should be said concerning the approval of projects like this
by the Alberta Energy Resources Conservation Board. Owing to environmen-
tal and regulatory concerns, appropriate legal approval must be forthcom-
ing from the Alberta authorities before start-up. A tar sands extraction
operation leaves large-scale remnants as the process of extracting oil ma-
terial from the sand deposits goes along, and the processing of the bitu-
men requires vast throughput of water. It is only fair that the landscape
should not be permanently defiled at the end of extraction. There is also
a substantial impact on local communities. The rapid expansion of Fort
McMurray is a case in point. This can delay approval.

One final note: in the summer of 1978 Syncrude suffered a fire in part of
its refining/upgrading plant- This reduced production to only about half
the rated capacity. At theitime of writing (January 1979). it had still
not been repaired sufficiently to permit full production- New technology
takes time to establish consistent and reliable operation.

7. We derive the figure of 10 per cent as follows: 5 per cent amortization
of principal (an average twenty-year pay-back period); 4 per cent real in-
terest rate (average of lower real return to relatively more secure in-
vestments like electric utilities and higher real return going to rela-
tively more speculative investments like oil and gas exploration and
transmission, the latter typically in the private sector); and 1 per cent
overhead broker's fee, and so on. It is not yet possible to relate this
$25 biliion figure to our global energy budget since the latter figure can
only be calculated after we have established (in chapter 3) our projected
rate of economic growth and, hence, the size of the year 2000 GNP.

8. Of course, it is not really as simple as this calculation suggests. For
example, a new Syncrude-sized tar sand plant would cost $4-5 billion
(1979 $) in capital to produce 125,000 barrels per day, if construction
started immediately.. This is at least double what the original Syncrude
operation cost. Yet there would clearly be some considerable overlap in
production. Say the lifetime of the average strip-mining operation is
twenty-five years, if Syncrude starts in 1978, its leased land would be
exhausted of oil sand by about 2003. Suppose Shell (leader of the next
consortium likely to attempt an oil sands exploitation) were to bring its
plant on stream in five years (this would probably be an absolute mini-
mum), then its production would last from I983 to 2008. This still pro-
vides twenty years (1983-2003) when Shell and Syncrude were both produc-
ing. Presumably, as the product from both plants is (broadly) synthetic
crude oil, the price of the product would have to be the same. (These are
essentially undifferentiated products.)

But the latter plant would have cost twice as much to build owing to in-
flation and, hence, given only half the rate of return. It would have

I



139

five years extra production during which, presumably, the plant could take
advantage of any oil price rises, and recoup its initial higher cost, but
it is most unlikely the capital investment could be justified in the first
place because of hypothetical extra profits starting in twenty years
This may very well mean tax relief, investment credits, higher product
prices, and so on, to encourage the initial investment.

9. This represents the difference between oil imports of some 50 per cent of
Canadian consumption and exports, chiefly to the north-western United
States equivalent to some 40 per cent or so of Canadian consumption.

i C The reader may note that comparison of the NEB projection for total re-
quirement for crude oil against total domestic producibi1ity appears to
suggest this limit on imports is not likely to be achieved unless demand
can be sharply reduced between now and 1985.

11. James E. Gander and Fred VL Belaire, Energy Futures for Canada, Report HP
78-1 prepared for Energy, Mines and Resources Canada (Ottawa: Supply an-;
Services Canada, 1978).

12. A fuller account of the Workshop on Alternative Energy Strategies (WAES)
study, as it relates to oil, is given by Andrew Flower, "World Oil Produc-
tion," Scientific American, March 1978, pp. 42-49. This is the best avail-
able analysis of the effects on world oil production of different resource
assumptions, various discoveries of reserve additions, different CPEC-
producing strategies, and so on. WAES concludes that demand will hit sup-
ply constraints before 2004 under any foreseeable circumstances. Other
studies have come to the same general conclusions. For example, we have
prepared a table of world oil reserves for the readers1 interest based on
British Petroleum's data as shown in table 2.2A. The reserve life index
;s only twenty-nine years. Of course, this is only "proven" reserves—
there is undoubtedly more—but it illustrates the point.

13» Such scaiing-up is not so simple, at least in the case of oil. The indus-
trialized nations have more diversified energy systems than do developing
countries and, on average, oil represents a smaller share of energy sup-
ply in industrialized lions. A few Third World nations depend almost
100 per cent on oil for their commercial energy needs. This situation
can be verified by examining United Nations statistics on commercial ener-
gy production and consumption. This state, of affairs also suggests that
many developing countries have been especially hard hit by OPEC's pricing
actions.

14. OPEC has several redistribution options jt could consider. The one with
the largest financial impact would probably be two-tier oil prices; less-
developed countries (LDC's) getting the benefit. OPEC has consistently
rejected this option, but it is not inconceivable that, by one means or
another, some two-tier system might exist in the future. Obviously, the
rich world would be subsidizing the poor. This might particularly apply
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Table 2.2A

World

Country/Area

U.S.A.

Canada

Latin America

Western Europe

Middle East

Africa

USSR

Eastern Europe

China

Other Eastern
Hemisphere

World

"Published Proved" Reserves of Oil (End
and Production 1977

Reserves
Billion Barrels

35.5

7.91

40.4

27.2

365.8

59.2

75.0

3-0

20.0

19.7

653.7

Share
Total,

5.4

1.2

6.2

4.2

55-9

9.0

11.5

.5

3.1

3.0

100.0

of
%

of 1977)

Production 1977
Million Barrels

3588

588

1719

520

8158

2296

4031

150

593

1047

22690

Reserve Life
Index, Years^

9.9

13.4

23.5

52.3

44.8

25.8

18.6

20.0

33.7

18.8

28.8

1. Conventional oil reserves only.

2. Reserves divided by production.

Source: British Petroleum Statistical Review of the World Oil Industry 1977.
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to LDC's having social, political, or religious links to OPEC countries.
The huge financial surpluses that OPEC is piling up have quite an impact
on world income quite outside any strategy to help LDC's on the part of
oil producers. The rapid development of Persian Gulf cities, transport,
and communications places demands on world resources of labour, capital,
and technology from an entirely new location. Particularly in the case
of labour markets, job opportunities are opening up that probably would
not have existed otherwise.,

15. We tried to examine these possibilities in some detail, and to construct
supply and demand curves for world oil. The demand curve, as shown in
figure 2.1A, would inevitably have a low price elasticity (in the range of
-.1 to -.3) and we judge -.2 as the most likely value, at least in the
short run (which could be some years). But the supply curve is more un-
certain. Technically OPEC is a monopoly—it has no "supply curve"—but
there are certain policies that oil exporters could follow, and which
would have the effect of producing such a curve. We can think of two pol-
icies OPEC—or at least some of its members—might conceivably pursue.

1. i4 ceiling on production

Certain countries which hold half the world oil reserves between them
have indicated that a possible production limit totalling 17.2 million
barrels per day could be established. Ominously this group includes
Saudi Arabia, Kuwait, the Emirates, and Libya, the very countries with
the largest potential for expanding production. Source: Petroleum
Intelligence Weekly, 2 February 1976.

Given that expansion by other oil producers is limited, an effective
world limit close to the 1978 production would prevail. In the mean-
time, growth of supply from new discoveries in non-OPEC areas is not
likely to be significant. It could actually decline. Thus any growth
in demand would be balanced only by a rise in oil price. Figure 2.1A
shows this situation. If demand grew at 3 per cent per year and sup-
ply at 1 per cent, supply would fall behind demand at 2 per cent per
year. In five years, this would raise the real price of oil from
$12.50 (U.S. dollars) per barrel to $21.00 and, in ten years, to
$^0.00. The upper limit to price would depend on whether demand could
be limited by substitutions, rationing, and so on. In this situation
there would at least be an element of stpbility because supply and de-
mand would intersect in a predictable way. Essentially, this theory
suggests it is irrational for OPEC to expand production much more in
response to price increases. It will generate more revenue(s) faster
by holding production steady and gaining still higher prices.

2. A ceiling on income

The oil exporters might decide to stabilize their annual income. This
might well be a sensible policy for oil states that have small popula-
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FIGURE 2.1A

Supply-Demand Relationship for World Oil
(A fixed supply and a growth in demand
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tions and limited ability to absorb large inflows of foreign exchange.
It also harmonizes with the desire to stretch the lifetime of their
resource earnings. However, this policy would lead to grave instabil-
ity in the supply and price of oil. The sho_rt-run supply and demand
curves corresponding to this policy have been constructed and are
shown in figure 2.2A (exporters' income is assumed fixed at its 1978
level). The supply curve resulting from the constant-income policy is
unusual—a backward curve—unlike the standard supply curves we know
from economics texts. In 1978 the two curves would have intersected
at "A," a point of delicate equilibrium. Any deviation destabilizes
the system. Stability may be re-established either at point "BM (the
pre-1973 situation), or at "C," a price so high that it could conceiv-
ably severely damage the world economy, which in turn would make equi-
librium at "C" only temporary. Equilibrium at "A" (or some other
point in the future) could be maintained only by deliberate action on
the part of OPEC in general and Saudi Arabia in particulai—the only
supplier with enough surplus production capacity to reverse any drift
away from "A." However, should the Saudis be unwilling or unable to
expand production, the natural desire of other producers to extend the
lifetime of their reserves could cause a movement away from "A" and
into dynamic instability.

If oil exporters imagined they could reduce their exports and at the
same time earn the same or a higher income, they could be tempted to
pursue this policy. The temptation could be too great to resist, un-
less fear of ruining the world economy or of direct military action
by the consuming countries deters it. Under the circumstances, a lim-
it on price alone would not re-establish equilibrium if demand were
left unrestrained. It would probably become necessary to ration oil
internationally and to bring in other energy sources rapidly to avoid
an economic decline.

This unstable situation could develop even if only a few oil exporters
decided to follow a fixed income policy. It can be shown mathemati-
cally that in order for the supply curve to fall to the left of the
demand curve, the amount of exported oil (as a fraction of world con-
sumption) that must go into the fixed income category is numerically
equal to the elasticity of demand. Thus for the elasticity value of
-.2 that we have assumed, 20 per cent (or a little more) of world oil
could cause instability. This is about equal to the 1978 exports of
Iran, Iraq, Libya, and Kuwait. If the elasticity is -.1, the amount
becomes 10 per cent, and then is exceeded by the combined exports of
Iran and Libya.

Of course these are relatively short-term possibilities. In the long
run (fifteen years or longer), a reduced demand and production from,
say, coal liquefaction or oil shales would be likely to stabilize the
price at the cost level of these other sources and once again esta-
blish a stable balance between supply and demand. But an implicit en-
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Supply-Demand Relationship for World Oil
(If exporters wish to maintain a fixed annual income the system becomes unstable)
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ergy policy of importing oil must be regarded as a gamble.

16. We could allow for the possibility of "frontier oil" from the Arctic Is-
lands, or off the East (or West) coasts. However, as we noted in Note 5,
the NEB discounts this prospect as being too speculative at the present
time. The knowledge of frontier oil is not even as certain as for gas and
even the latter may be doubtful, as we shall see. Accordingly, we have
ignored it for our baseline projection.

17. Basically, there are three characteristic oil products: the lightest re-
fined elements, for example, gasoline; the middle distillates, diesel fuel;
and the heavier residual components, fuel oil. The actual mix varies.
For example, Montreal refineries are producing about 30 per cent residual
fuel oil at the present time. It has been shown possible by U.S. refin-
eries to reduce this to 7 per cent. One limitation on the product mix is
the quality of thejcrude oi1 feedstock. - Another consideration is the ex-
act specification of the refined products, for example, leaded or unleaded
gasoline. The latter takes a disproportionate share of "aromatic" light
elements and this, in turn, degrades the quality of residuals and middle
distillates. Must Canadians use unleaded gasoline? If leaded gas were
acceptable, less residual fuel oil would be produced. The reader will see
in subsequent projections why it could be very important for Canada to re-
duce the output of residual fuel oil from refineries.



Chapter Three

This is closest to Projection 3, Statistics Canada, Cat,, No. 91-520, 1978.
In a later chapter we review the question of women's participation in the
labour force. It could be significantly higher than given here.

To illustrate this point for Canada, An Energy Strategy for Canada: Poli-_
cies for Self-Reliance, by Energy, Mines and Resources Canada (Ottawa:
Information Canada, 1976) indicates that whereas average energy-related
investment as a percentage of gross national expenditure (6NE, identical
to GNP) , was 3.3*» per cent in the period 1965-1970, it moved up slightly
to 3.53jper cent in 1970-1975, and was projected to rise sharply to 5-0
per cent in ̂ 1975-1980 (pr 109).\_ This was Energy, Mines and Resources'
"high price" scenario which has turned out to be more accurate than the
"low price" one. In the 1975*1979 period, economic growth in Canada has
declined from its historical average of 5-0 per cent to 3-5 per cent. It
is beyond the scope of this report to investigate how changes in energy
prices might affect GNP growth. Rather, we are merely trying to establish
that we are working within a reasonable framework of energy price move-
ments and economic growth.

1A7



Chapter Four

All of these elements work together in determining energy conservation.
Let us take some examples—ones the reader should find easy to appreciate
— t o see how they interreact on one another. How does the homeowner cut
down his heating bills by using less energy? How does the driver use less
gasoline? How does the industrial manager save energy?

If our hypothetical homeowner lives in the "average" Canadian dwelling, it
is a detached, one-family residence of about 1^00 square feet overall liv-
ing space. He wants to save energy, not necessarily from conviction, but
because he wants to save money. An illustrative sequence of energy con-
servation actions might be as follows. Firstly, he can put more insula-
tion in the attic, and then perhaps in the walls. Of course he has to
spend money to buy the insulation but his monthly heating bill will be re-
duced. The real question he will ask himself is that of cost/benefit; how
much is saved in the period of time that matters to him? However, such
calculations at this stage are not difficult. Governments do not have to
do it for him, although they can offer incentives and provide reliable in-
formation. At this point one should mention the outpouring of government
literature aimed at the homeowner (100 Ways to Save Energy and Money in
the Home, Keeping the Heat In—Row to Re-insulate Your Home); the driver
{The Car1 Mileage Book)', the businessman (Energy Conservation Is Good Busi-
ness, First Steps to Energy Conservation for Business); and the industri-
alist (Ener$ave for Industry and Commerce: Industrial Energy Conservation
Handbooks). There is also a wealth of OECD literature on the effective-
ness of energy conservation efforts among its member nations. One can re-
fer also to the International Energy Agency and its pronouncements on en-
ergy conservation.

As energy prices rise to a further stage, the homeowner can use rather
exotic means to save energy. He can add still more insulation, if neces-
sary, by constructing false walls and ceilings. He can triple-glaze win-
dows. He can add "air-lock" doors. But now he is pushing closer to the
limits of our existing knowledge and technology, matters about which he as
an individual can do very little.

Faced with these technological or economic limits, our homeowner can aban-
don his single detached dwelling altogether and adapt to row-housing,
apartments, "air structures," and other novel forms of construction whose
design saves energy. However, all these alternatives require sharing
walls and space with neighbours and thus a certain loss of privacy and
self-determination—the very features that make the single family dwell-
ing so appealing to most people. If he has a substantial investment in
his home he will be loathe to move out- At this point energy conservation
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pits technology and economics against social values.

A similar pattern repeats itself in the transport sector. Most travel on
this continent is done by privately owned automobiles. To use less ener-
gy while still obtaining the same transport value will mean buying a smal-
ler and lighter car, and again the individual consumer would be able to
make the cost/benefit calculations. But at this point limits of existing
technology are again approached, limits which the individual cannot af-
fect. Pending new technology, the individual has only one additional
means of saving energy—abandoning the car in favour of public transport.

The industrial manager's options resemble the car owner's. More efficient
machinery can almost always be introduced by any firm or industry. How-
ever, this involves costs of its own. One may save in the long run but in
the meantime one spends more, not less.

In summary there are four vital considerations in the calculation of ener-
gy conservation:

- What is the existing state of technology?
- What is the capital stock turn-over rate?
- How willing is society to change aspects of its life-style?
- How far into the future does the individual, or society, discount

potential benefits against costs?

On this latter point it should be noted that the further into the future
one weighs potential savings against present costs, the more it provides
incentive to save energy. The more immediate the outlook, the less so.
(In technical terms, the short-run marginal cost of higher energy prices
must surpass the long-run average cost of the new equipment.) This is why
people do not necessarily replace existing machinery with new just because
the price of energy rises. Providing the existing equipment is still ca-
pable of doing its job, it will often be worthwhile to absorb higher costs.
When it is finally time for it to be replaced, owing to complete deprecia-
tion, it can t ien be followed readily by equipment better adapted to the
new environment. The consumer can also express his sense of personal pri-
orities by his compromises at that point. However, the consumer's behav-
iour could change drastically if instead of price another mechanism, such
as rationing, were used to conserve energy. In such a case he would try
to switch to more efficient equipment immediately.

2. We calculate the energy demand elasticity formally by calculus:

0. = Pe (Q. - relative demand; P = relative price)
Solving for e when:
Q - 0.70
P - U5
e = -.9
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For shorter price movements less complex methodology is adequate. For
example, a straight-line calculation between two points, one assuming en-
ergy price • 1 and energy quantity demanded • 1, and the other assuming
energy price =» 1.5 and energy quantity demand =0.7 would give an elastic-
ity of -.6. However we believe this is too simple over such a large move-
ment.

The opportunities for conservation measures to effectively reduce energy
demanded do not increase linearly as the price of a Btu increases. For
example, as we explained, the homeowner experiences diminishing returns of
energy savings as the limits of insulation, thermostat setting, and so on
are approached. At some point the price of energy has little effect on
his ability to conserve—he must pay or move.

3. These savings are net figures, that is, after the additional energy re-
quired to supply the new insulation and equipment has been allowed for.

k. The "turn-over" rate of the residential stock occurs irrespective of a
growing demand for residences due to population growth. A certain propor-
tion of old residences decay within a twenty-five-year time span and if
one accepts seventy-five years as the average life expectancy of a house,
then approximately one third of the existing (i.e., 1975) housing stock
will be "turned over" by the year 2000, However, it must also be noted
that in the 1975 to 2000 time period, the demand for homes will necessari-
ly grow rapidly in the middle years (i.e., 1980-1990) of this twenty-five-
year period as a function of the maturation of the "post-war baby boom"
population. The new homes and apartments constructed between 1975 and
2000 to meet this demand are not really replacing old stock but meeting
entirely new demand. They will also be available for considerable conser-
vation opportunities. This last factor makes our "optimistic" conserva-
tion projections somewhat more reasonable for this sector.

Additionally the net effect of higher energy prices may occasion a speed-
up of capital stock turn-over. However, the lower economic growth that we
project may have exactly the opposite effect. This question of the trade-
off between economic growth and conservation will be examined in our
"super-conservation" scenario in chapter 7.

5- These estimates may be a little on the high side. The Ontario Porter
Commission on Electric Power Generation accepts only about a *»0 per cent
saving for new houses by 2000. The "Novalec" houses of Quebec, which are
promoted as being near the forefront in conservation, are calculated to
save 35 per cent on existing averages. It is reckoned an additional 7 or
8 per cent could be gained by pushing insulation to the limit, but not
more. This means overall furnace efficiency must rise from 65 per cent
to about 72 per cent to meet our projection. This is technically feasible,
although it would assume a high rate of equipment turn-over.

6. If air is renewed every two hours—desirable for good health—25 million
Btu's per year are lost in the average home. This is equivalent to 25 per
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cent of useable heat.

I
I

7. Soaked or moisture laden insulation can be a splendid home for bacteria
who find certain kinds of insulation a gourmet treat. In this way the in- «
sulation can rot or otherwise become consumed or decomposed. The Ontario •
Ministry of Housing currently has an experiment underway with five houses,
each with different combinations of energy-conserving features. It is
their experience that is the basis of these particular remarks. i

W
8. Better designed refrigerators already exif.t that can save about 20 per

cent over existing units; and microwave ovens can save 50 per cent over m
the traditional kitchen range, although they cannot substitute for all f
cooking applications.

9. There are four ways this could happen: I

1. The mix could indeed remain the same, but families could gradually
move into larger residences as their real incomes went up. H

2. There could be a gradual increase in the proportion of single-family
homes as real income rises, but instead of gaining more space, the a
extra energy consumed is accepted as being worthwhile for the addi- I
tional privacy.

3- There could be a gradual increase in the proportion of multiple-family I
dwellings, but instead of saving energy, still more space is occupied *
so as to require equivalent total energy.

h. There could be some equivalent trade-off between the three. |

10. Energy, Mines and Resources Canada seems to have made the same sort of «
assumptions and calculations in Energy Conservation in Canada: Programs •
and Perspectives, Report EP 77~7 (Ottawa: EM6R, 1977). Hampered by a
lack of data, they have assumed that the energy demand elasticity for the
commercial sector is the same as the average for the economy as a whole
(p. 23). This is, in effect, what we have assumed here. They also, as we
do, apparently take into account an anticipated slower rate of capital
turn-over in this sector.

11. The efficiency of a co-generation system depends primarily on the proxim-
ity of the industrial, commercial, or residential facilities to the elec- s
trical generating plant. In Nuclear Energy Policy Study Group, Nuclear I
Power Issues and Choices sponsored by the Ford Foundation (Cambridqe,
Mass.: Ballinger, 1977), it is estimated that the overall efficiency of
a co-generation system can be as high as 60 to 75 per cent—that is, 60 I
to 75 per cent of the heat of combustion of the fossil fuel is used either I
as steam or electrical energy—if the management of the system is careful-
ly planned. K

I



153

12. The Energy, Mines and Resources estimates are based on certain industry
projections and several studies of industry reaction to energy price in-
creases in that period.

13. Car makers throughout the world have already received strong signals to
produce more fuel-efficient cars and in North America there are now legal
requirements to do so. United States law specifies that, on a sales-
weighted average, a manufacturer must obtain 27.5 mpg (U.S. gallon) for
his fleet of cars by 1985 with no loss of emissions control. This is al-
most double the presenr average, that is, a diminution of *»0 per cent for
fuel consumption. However, measurement of these standards, and specific-
ally mileage testing, leaves a great deal to be desired. The U.S. Depart-
ment of Energy assumes that the Environmental Protection Agency's labora-
tory tests err by about 20 per cent on the side of optimism when compared
with the real world of wind, snow, and careless owners. For these rea-
sons, we think our assumption that it will take twenty years to reach
this goal is more realistic.

Cars in Canada could actually do slightly better in terms of fuel economy
than their U.S. counterparts, owing to Canada's less stringent emission
standards. This might allow slightly more optimum engine design/tuning
for cars in Canada-

However, the rationalization of production arising from the Auto Pact has
led at lef.st one major auto maker to ask the' Canadian government to set
the same standards as for U.S. cars owing to its simplifying production
problems. This is a fine example of the lack of control Canada has on
one of its largest industries. Many observers have questioned why Cana-
dian consumers, should pay $300 or-.'whatever extra on their cars for a cat-
alytic converter^tq^meet U.S.-inspited environmental standards in order
to make easier tbe production (and hence improve profits) of U.S.-owned
firms. This question is important because a catalytic converter emissions
control system is incompatibly-with leaded gasoline. As was discussed in
chapter 2, banning leaded gasal irie hjjffcs :the flexibility of the refining
process. ': - •-'-?>:*V>v'-;" '

\k. The affordabi1ity of this is -in doubt. A rule of thumb for car loans is
that the cost should not exceed four months' family income. If the Cana-
dian household income average were $1,600 per month ($19,000 per year),
then a new car should cost $6,400 or less. Raising-the price 20-50 per
cent might be acceptable for the purchaser in the future, particularly if
the car were correspondingly more durable We would judge that if the
smallest acceptable car size is the one suggested by the 1979 intermedi-
ates, some considerable manufacture of aluminium components is inevitable
to meet the regulations.

15. An advanced turbo-prop aircraft used in short flights (500 mile stage-
lengths) could save as much as 20 per cent on fuel." It would feature
multibladed propellors, possibly as many as twelve. The drawback would
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be significantly higher noise levels in the passenger cabin.

16. Trucks could gain some fuel advantage by slightly better matching of rear- •
axle (final drive) ratios and engine power output to load demands. For
example, trucks typically used in flat country need less reserve of power M
than their mountain-climbing brethren. This could be reflected in deriv- H
ing fleets with less powerful engines. The drawback here is reduced flex-
ibility in the truck fleet which in turn translates into lost time. ^

I
17. This figure has also been developed by the U.S. Department of Energy for

this sector. See, for example, Effects of Energy Constraints on Trans-
portation Systems* Proceedings of the 4th Annual Conference, held at Union •
College, Schnectady, N.Y., 1-5 August 1977 (Washington, D.C.: Department ™
of Energy, 1977).

18. The most advanced studies of this kind of trade-off have been done by a §|
team under the direction of Bruce Hannon at the Center for Advanced Compu-
tation, University of Illinois. The calculations derived by Hannon are .̂
for the U.S. economy, but they are indicative for Canada as well because •
economic structure from the standpoint of final energy demand is similar*
Hannon plots the energy intensity of different forms of common economic
activiv/. The U.S. average personal consumption is 85,000 Btu per con- tt
stant 19^3 U.S. dollar. Owning and operating an auto is higher, at m
130,000 Btu per constant 1963 U.S. dollar. So if we go back to our hypo-
thetical example, this would indeed mean a net saving of 45,000 Btu per |t
dollar shifted from the car sector to the general economy. At this point |
our hypothetical individual has saved energy.

On the other hand, suppose he moves to a smaller and cheaper home. If he I
now spends any new savings on items equivalent to "average personal con- ™
sumption" he goes the other way (and quite a distancei): from 10,000 Btu
per dollar (owning a home is not energy-intensive) to the 85,000 Btu per •
dollar average. He has actually increased energy demand by 75,000 Btu per (
dollar shifted from owning his home to the general economy.

Our hypothetical man could do both, equivalent to reducing his car travel
and moving to a smaller house downtown. This is precisely the sort of
end-use transformation in energy demand structure often envisioned by con-
servationists. However, given that his income is the same as before, and
he spends any financial savings on items of "average" personal consump-
tion, his overall energy consumption would add up to a net increase of
30,000 Btu. See "Energy Conservation and the Consumer," Science, July
1975, P- 95.

19. We have described earlier, in chapter 1, the structure and purpose of
these histograms. We also explained the conversion of economic sector
conservation values to end-use figures as in the histogram. The applica-
tion demand matrices for the years 2000 and 2025 are given in table 4.1A
and 4.2A. We need only say that in allowing for the effect of conserva-



Table 4.1A

YEAR 2000 SECTOR - APPLICATION DEMAND MATRIX
(Trill ions of Btu's)

>>V"^-v4PPLICATI0N
SECTOR ̂""---^^^

Residential &

Farm

Commercial

Industrial

Sub-totals

Transportation

TOTAL
SECONDARY ENERGY

SPACE
HEATING

1450

830

610

28S0

INDUSTRIAL
HEAT

1450

1450

ELECTRICITY
(GRID)

340

370

650

1360

'.i REMOTE-SITE
FUEL 1

230

230

SUB-TOTALS

1790

1200

2940

5930

2500

8430



Table 4.2A

YEAR 2025 SECTOR - APPLICATION DEMAND MATRIX
(Trillions of Btu's) |

(Based on projecting 2000 matrix by 2.0 per cent compounded annual growth and then ,''
decreasing the 2025 values by the appropriate conservation rates for 2025 for each sector.)

^^^APPLICATION

SECTOR ^ ^ - > * ^ ^

Residential £
Farm

Commercial

Industrial

Sub-totals

Transportation

TOTAL
SECONDARY ENERGY

SPACE
HEATING

2010

1220

870

Moo

INDUSTRIAL
HEAT

2060

2060

ELECTRICITY
(GRID)

470

550

930

1950

REMOTE-SITE
FUEL

320

320

SUB-TOTALS

248o •;

1770 I

4 i 8 o •;••

V 8 4 3 0 •,_

3640

: 12070
, i
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tion we have assumed that the savings for the sector are equally applica-
ble to all energy uses in the sector: that is, a new home will need only
half as much enemy for space heat and half as much energy for lighting.
This is a methods io_gical convenience but—as we described in the chapter--
with some support in fact.
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1. For example, currently the existing natural gas pipeline cannot even be
justifiably extended into the Maritimes without connections throughout
Quebec. Approval for such connections has not yet been forthcoming from
the Quebec authorities, but may be so in the foreseeable future.

2. We might at this point define some terms:

a. Resources: refers to all oil, gas, coal, uranium, and other accumula-
tions known or inferred to exist

b. Reserve: that portion of the identified "resource" from which a use-
able energy commodity can be economically and legally extracted at
the time of determination using currently available technologies.
Source: Energy, Mines and Resources Canada, An Energy Strategy for
Canada: Policies for Self-Reliance (Ottawa: Information Canada,
1976), p. 169.

3. Our estimate of ultimate recoverable reserves for the Deep Basin at $3
per thousand cubic feet is on the optimistic side considering that to
date the only evidence for the availability of this resource is a claim
by Canadian Hunter Ltd. that 150 trillion cubic feet exist. We have dis-
counted this figure by half. This optimism is offset to some extent by
the fact that we allow for no Arctic/Frontier reserves beyond the 15 tril-
lion cubic feet or so currently proved.

Deep Basin resource in place has been estimated from h~l1 exploratory
wells. Estimates of resources and particularly of recovery costs are no
more than "opinions" according to the Hunter report. The Deep Basin has
an area of 26,000 square miles, a thickness of up to 15,000 feet, and it
lies about equally under the plains and the foothills, with the thicker
portions under the latter. The gas is contained in rock of low porosity
and for economic recovery "massive hydraulic fracturing" is required.
This method has been tried in Canada, but has not yet succeeded. It has
been used successfully in the United States.

Only 3 trillion cubic feet have actually been found, and it is admitted
many years of exploratory drilling will be required before precise defi-I many years of exploratory drilling will be

nition of recoverable reserves can be made.

I
I
1

Residual fuel oil has to be sold from a refinery. It is sometimes dumped
on the market at distress prices, the difference made up in higher prices
for the more desirable products, for example, gasoline. The problem the
Canadian federal government faces is the effective subsidy that exists on

159
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crude oil consumption in Canada. Although a Montreal refinery pays world
prices for oil, the "blending" of prices from lower cost domestic crude
means the refined products sell for less than the imported crude is real-
ly worth (i.e., what the refinery would have to pay for it on the inter-
national market). So Montreal refineries "waste" crude because it is
cheaper to import crude than upgrade residuals to more useable products.
This is why such a high proportion of residuals is produced by Montreal
refineries.

5. National Energy Board, Reasons for Decisions: Northern Pipelines (Ottawa:
Supply and Services Canada, 1977) (1977 gas pipeline hearings).



Chapter Six

1. Total electricity end use in 1975 was 238 billion kilowatt hours. In the
period 1958-1975 its growth rate was 6.8 per cent per year. By sector,
the residential and commercial used 65 billion kilowatt hours each and
the industrial 108 billion. Growth rates for 1958-1975 were 7.6, 12, and
16 per cent, respectively.

2 . RESOURCES FOR ELECTRICITY

1 , Hydro

Quebec and Labrador have an additional potential, beyond James Bay, of 15
to 18 million kilowatts at costs comparable to nuclear. In addition to
this, another 20 million kilowatts of higher cost capacity in small sites
exist in Quebec. The western part of the country (e.g., British Columbia)
has a comparable potential, but this is probably in excess of foreseeable
needs of the western markets.

The economic potential in the other regions is of little significance (ex-
cept for Manitoba). Thus a total of 30 million kilowatts at costs compa-
rable to nuclear may ultimately be developed. This is comparable to the
existing installed hydro capacity (kO million kilowatts in 1976). If de-
veloped, it would bring total installed hydro capacity to 90 million kilo-
watts (including plant presently under construction).

2. Nuclear

Measured and indicated reserves of uranium are 19,000 tonnes while addi-
tional probable reserves are 320,000 tonnes. The former would produce
10,300 billion kilowatt hours and the latter 17,300 billion in CANDU re-
actors at .8 per cent burn-up (7,500 megawatt-days thermal per tonne) and
30 per cent efficiency. (For Canadian Uranium, see Energy, Mines and Re-
sources Canada, 1977 Assessment of Canada's Uranium Supply and Demand,
Report EP 78-3 (Ottawa: EM&R, 1978.) The sum of these two quantities
theoretically equals one hundred hears1 supply of electricity at the 1975
rate of total Canadian output. The ultimate Canadian reserves may even
be larger than this sum.. The thorium breeder, which may be developed by
2000 or soon thereafter, will greatly extend these resources. (The
world's reserves of uranium are estimated to be about five times larger
than Canada's.)

. 3- Coal

Coal resources in western Canada are about 230 billion tons. If a quar-

161



162

ter of this resource were mineable, it could generate 110,000 billion
kilowatt hours of electricity. This is theoretically equal to about four
hundred years1 supply of electricity at the 1975 rate of total Canadian
output. (See chapter 10 for a detailed breakdown of Canada's coal re-
sources.)

3. The capacity is calculated from the following formula:

E = 8760 x F x P
where E = generated energy in kilowatt hours

P = installed capacity in kilowatts
F = capacity factor, fraction of 1

There are 8760 hours in one (non-leap) year. The 3*68 quads at the point
of use equal 1079 billion kilowatt hours. Adding 10 per cent for trans-
mission losses brings it to 1186 billion kilowatt hours. Inserting this
in the above formula with F = .5 gives 271 million kilowatts for P.

k. COSTS OF ELECTRIC CAPACITY

1. Capital Costs of Electricity Generation (constant 1975 dollars)

a. NUCLEAR

CANDU Reactors, Cost per Kilowatt (Electric)

Unit Size
(kW)

250,000
500,000
750,000

1,000,000
1,250,000

Cost per kW
(excluding heavy water)

972
7*40
650
575
510

Heavy
Water

130
130
130
130
130

Total

1102
870
780
705
6̂ 0

American light water reactors (in service by 1986) 2 units of
1,150,000 kilowatts each, $667 per kilowatt hour (1976 U.S. dollars).
These would have higher fuel costs.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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b. COAL

Canadian cost, for plants burning U.S. coal

Unit Size (kW)

250,000
500,000
750,000

Cost per kW

1«65
325
280

U.S. costs, units of 1,150,000 kilowatts

With scrubbers
Without scrubt-rs

$600/kW (U.S. $1976)
$502VkW (U.S. $1976)

c. COMBUSTION TURBINES

Unit size 50,000 kilowatts, $150 per kilowatt.

d. HYDROELECTRIC

Costs for hydroelectric capacity are site specific and no general
figure may be given. However, costs for the remaining sites start
from $700 per kilowatt (James Bay). About 30 million kilowatts of
undeveloped capacity in Canada could be developed to produce elec-
tricity at a cost comparable to nuclear. Cost per kilowatt for this
capacity will average about $1000.

2. Capital Costs of Electricity Transmission and Distribution

According to Statistics Canada [Electric Power Statistics 1975, Cat. No.
57-202 (Ottawa: Supply and Services Canada, 1977)) the assets of the
power utilities in Canada are distributed roughly as follows:

Generation
Transmission
Di stribution

50 per cent
25 per cent
25 per cent

If these proportions hold for the future, the total capital per kilowatt
of installed capacity may be obtained by doubling the generation cost.
However, generation will consist of an appropriate mix of types of plant.
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3. Capital Costs of Average Installed Capacity

In order to minimize cost for a power system, given the type of load it
has to supply, an appropriate mix of generating plant may be chosen.

Cost of a typical weighted kilowatt (constant 1975 dollars)
(This mix is similar to that existing in 1975)

Type of Load
Supplied

Base

Intermediate

Peak i ng

Per Cent of
Total Capacity

50-60

30-40

10

Type of
Plant

Nuclear, hydro

Coal, Oil, Hydro

Combustion Turbine

Sub-total

Transmission-
Distribution

Total

Average
Generating Cost

480

120

15

615

600

1215

These figures include an allowance for overhead capital costs (estimated
at 10 per cent of total).

4. Fuel Costs of Electricity Generation

Coal at $30 per ton adds K36 cents per kilowatt hour at 30 per cent ef-
ficiency.

Uranium at $100 per kilogram adds .185 cents per kilowatt hour at .8 per
cent burn-up and 30 per cent efficiency.

Oil at $15 a barrel adds 2.94 cents per kilowatt hour at 30 per cent ef-
ficiency. There are also maintenance costs for all types.

5- Total Costs of Electricity Output

The cost per kilowatt hour may be estimated as follows:

Let E = annual output per kilowatt in kilowatt hours
C = annual capital charges per kilowatt (including amortization)
M = annual maintenance cost per kilowatt
F = annual fuel cost per kilowatt

I
I
I

I

I
I
1
I
I
I
I
I
I
I
I
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C + M + F

I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
I
I

As a rule of thumb, at the normal capacity factor of 50 per cent and for
a typical mix of generating plant, capital charges account for two thirds
of total electricity cost and operating costs for one third. If condi-
tions deviate from the normal, electricity cost must be estimated from
the formula.

Summary of Applications and Costs of Generating Plant

a. Nuclear and hydro plants have high capital and low operating costs.
They are suitable for operation at high capacity factor, 55 per cent
and over.

b. Coal-fired plants have intermediate capital and operating costs.
They are suitable for operation at intermediate capacity factor, 25
to 55 per cent.

c. Oil-fired plants (including combustion turbines) have low capital and
high operating costs. They are suitable for operation at low capaci-
ty factor, 0 to 25 per cent.

5. However the composition of Canadian industrial processes could change in
twenty years. By "industrial process heat" we mean the type of use coal
is put to in steel making and other metal smelting or residual (heavy)
fuel oil in pulp and paper. It is conceivable that Canadian industry
might move into processing and upgrading different materials in the fu-
ture, possibly, for example, titanium and berylium or increased activity
in aluminium. These more exotic elements are typically processed and
formed in electric arc furnaces- Obviously this would increase industrial
electricity use. However, it is extremely unlikely that they can signifi-
cantly replace the more traditional industrial processes in Canada owing
to their limited and specialized applications.

6. Definition of Some Electrical Terms

1. Installed capacity, the sum total of the name plate capacities of all
generating equipment. Since 1950 installed capacity has expanded at an
average rate of 8 per cent (but actual output has grown at only 7 per cent
reflecting a declining capacity factor).

2- Load: the actual kilowatts demanded at any given time. This fluctu-
ates from hour to hour, day to day, and over the year. It is highest at
80 per cent of installed capacity at 5:30 P.M. on the coldest working day
in the winter, and lowest at about 20 per cent of installed capacity at
k A.M. on Labour Day.

3. Peak load: the highest load demanded over a period of time. The an-
nual peak load in Canada has been at about 80 per cent of installed capac-
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i t y over the period 1958 to 1975.

10. Load duration curve: a curve that shows the amount of operating ca-
pacity versus per cent of total time.

I
I

k. Base load: the part of the load that is in continuous demand over
the year, "urrently 30-35 per cent of installed capacity. , I

5. Peaking load: the part of the load that is in demand for only a few
days or weeks during the year.

6. Intermediate load: the part of load that is neither base nor peaking. "

7. Reserve', the difference between installed capacity and peak load, |
that is, the unused capacity. This consists of the ready reserve (10 per |
cent of peak load) which can be switched on, on short notice* and the re-
serve under repair or unavailable for any reason (10-15 per cent of peak), »
which is not available for use on short notice. The availability of I
plant is the installed capacity minus the latter reserve.

8. Load factor: this is the ratio of average load over peak load during K
a period of time. The load factor is a measure of the uniformity of the I
electricity demand. The higher the load factor, the more uniform the use.
The annual load factor in Canada (including electricity exports to the |
United States) is now about 66 per cent. It was over 75 per cent during |
1952-53-

9. Capacity factor: this is the ratio of average load over installed I
capacity or actual energy produced over the amount that coulcj be produced
if all capacity worked continuously at rated output. The capacity factor
is the product of the load factor and the peak load (with the latter ex- I
pressed as a fraction of installed capacity). 1

I
7- Electrical energy in the past thirty years has grown at an average of 7 _

per cent per year. One might be tempted to use this, or some other con- I
stant annual rate, to project future growth. But this may not be the '
best approach. A more revealing relationship is obtained by a plot of
electricity consumption versus GNP. This is shown by figure 6.1A. The
correlation of the two is indeed remarkable. However, unlike total ener-
gy which grows exactly at the same rate as GNP, electricity grows at a
rate that is 1.275 times larger. If electric space heat is excluded the •
relationship becomes I

E z .721* (GNP)1*115

so that the growth rate is 1.1J5 times larger than the GNP rate. I
In this study we have projected non-heating demand for electricity (the
"grid") to remain, in effect, as the same proportion of total secondary I
energy as today. While this may be reasonable as a first approximation, |
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FIGURE 6.1A

Relation Between Growth of End-Use Electricity and
Gross National Product, Canada
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it must be treated with some reservation. For example, it is possible
that a growth rate higher than the GNP rate is dictated by some underlying
economic laws. If this is so, a forced reduction in the growth of elec-
tricity may in turn force a reduction in the growth of the GNP. To our
knowledge, a satisfactory explanation of the relationship of electricity
to GNP has not yet been given.

Concerning conservation of electricity it should be noted that the poten-
tial savings may not be as large as in the case of other forms such as
space-heat or transport fuel. Half of all electricity is used by electric
motors which are already highly efficient. In other applications as well,
electricity is used more efficiently than other fuels, partly owing to its
higher cost.

The conclusion to be drawn is that an allowance must be made for the pos-
sibility of an underestimate of future demand in the grid component. One
way to guard against such a risk is to have a market that can absorb er-
rors without serious harm. Space heating by a hybrid system, especially I
one with a certain fixed dedicated capacity, would represent such a mar- |
ket. See the main text below for a description of such hybrid systems.
If a sufficiently large amount of capacity has been allocated to this type |
of heating, it can serve as insurance, to be withdrawn and allocated to I
non-heating uses in a short time, if necessary, thus avoiding the poten-
tially crippling delays of five to ten years involved in installing new
capacity. I

Our electricity projection does contain a large heating component, and if
a part of this is done using this hybrid system it can serve as a reserve I
to make up any shortfalls that could result from an underestimate of fu- §
ture non-heating demand (the "grid"). The system also protects against an
oversupply of capacity, that is, any surplus is assigned to heating. I

Thus our projection contains provisions for correcting planning errors,
that is, it is self-correcting.

8. The heating load factor is the ratio of the average annual heat demand I
over the largest demand likely to be encountered with both expressed in
kilowatts. It may be calculated using the annual heating degree days, and
the extreme minimum temperature. For example, for Montreal:

extreme minimum temperature = -38°C. (January 1957)
annual heating degree days below 18°C. = ^ 3 7
hence load factor = 4^37 _ 7 „

3o5 x (IB - (-30)

It is important to bear in mind at this point that this very low load fac-
tor is based on the extreme minimum temperature. As we shall see, it is
possible that electric space heat (or at least the generating capacity de-
signed to meet space-heat demand) might not have to face quite such an ex-

I
I
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treme minimum in practice.

9. "All-electric" heating refers to the case when all the space heat of a
building, including the coldest weather period, is provided electrically
by resistance heating..

10. At the present time there is a small amount of electric transport in Can-
ada, including the subways of Montreal and Toronto, the streetcars of
Toronto and CN's commuter lines in Montreal. According to the Stanford
Research Institute only 2 per cent of the automobile and light truck mile-
age in the United States could be electrified by 2000, but with rapid
growth thereafter. The forecast is based on the nickel zinc battery. A
superior battery, the sodium sulphur, may be available after 2000 or 2010.

11. An oil or gas furnace has heat losses. Part of the heat of the fuel is
lost up the chimney with the flue gases, part through incomplete combus-
tion. An exact figure for the average furnace efficiency is not avail-
able, but it is in the range of 60 to 80 per cent. (See for example The
Billpayer's Guide to Furnace Servicing (Ottawa: EM6R, 1975), PP- kl-kl.)
We assume the current value is 65 per cent, and for the year 2000, we pro-
ject an improvement to 72 per cent.

12. The required power at the point of use may be calculated from the follow-
ing formula

P = 3A12 x 8760 x f
Where E is the required energy in Btu (= ,kl x 1 0 ^ here)

f is the load factor (= ,2k here)
3^12 is Btu per kilowatt hours
8760 is the number of hours in a year

and P is peak power in kilowatts at point of use
Solving we get P = 58_5 million kilowatts. Adding 10 per cent for trans-
mission and distribution losses and a reserve of 25 per cent gives 80 mil-
lion kilowatts of required installed capacity.

13- This is estimated using information from The Role for Load Management in
Ontario (Toronto: Ontario Hydro, 1978), and also considering chat
Quebec's load factor on the annual peak day is high, permitting little
improvement.

\k. The required heating capacity was based on a load factor of 2k per cento
This load factor would result from extreme minimum temperatures of ~32°C.
and an annual heating load of 4*»00 degree days, the latter indeed being
close to the average for Ontario and Quebec. However, if there were large
climatic diversity within the area served by each unified power system,
the extreme minima in various localities would not coincide in time and
the effective maximum heat demand faced by the system would be less than
the sum of the individual peak demands.
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I
I

We examined actual weather records to analyse this possibility. Such i
records show that the coincident minimum temperature of Montreal and |
Toronto has averaged as low as -32°C. and this determines the peak heat-
ing load in the two provinces that their combined power system must be »
prepared to face. Figure 6.2A shows some typical coincident temperature I
"lows" over the past thirty years or so. It can be seen that -22°C. to
-32°C. are often experienced, and sustained for two to twenty-four hours.

This lack of significant temperature diversity in very cold weather arises I
because the extreme minimum temperatures are caused by large cold fronts
that cover large areas.. However, there is also the non-coincidence of i
heating and non-heating peak loads. Non-heating load (the "grid") peaks |
at 6 P.M. while the heating load, as we noted from the curves on figure
6-2A, peaks at about 8 A.M. i

I
The overall system peak will thus be less than the sum of the two peaks. **
For example, in 1975, an average home using 22,000 kilowatt hours a year
for space heat would need 10.*» kilowatts at the point of use to balance |
heat losses at -32°C. outside temperature. But this w e ' d occur at 7 A.M. 1
At 6 P.M., the system peak time, the coldest temperatu z. is likely to be
about -24°C. (see graphs), so that only 8.7 kilowatts re needed. This is m
what the power company must provide for today. But as electric space heat- I
ing increases, the system peak will shift to 7~9 A.M. at some point so
that the full 10.4 kilowatts will be added to the system peak. To deter-
mine the overall load, and hence the overall peak for the year 2000, the I
two loads must be added hour by hour for the coldest period to be expected. '
The load shape for the grid is the same as in 1975 but scaled up. The
heating load shape (for 20 per cent of all space heat) will follow the I
temperature which is plotted using past records and as shown in the pre- |
ceding graphs. The addition was done and an overall load curve for the
coldest probable working day in the year 2000 was constructed . (see figure |
6.3A). For the specific conditions and numbers we have estimated total I
peak load (leaving the power plant) is \h\ million kilowatts at 9 A.M.,
corresponding to a minimum temperature of -32°C. A smaller peak occurs at
6 P.M., while the load is fairly flat from 7 A.M. to 10 P.M. If peak load I
is taken as 80 per cent of installed capacity, the latter must be 176 mil- •
lion kilowatts.

This capacity can be reduced somewhat considering that -32°C. is rare. {
The power companies can plan on the more common minimum of -26°C. to -28°C.
provided they are prepared to shed some load, should this minimum be ex- •
ceeded. Total installed capacity can thus be reduced to 169 million kilo- I
watts. - *

There is one additional factor, not already included in the calculations, |
that could raise the required ». ;ng capacity, that is, the habit of peo- I
pie to lower thermostats at night (to conserve energy) and to raise them
in the morning. If all the thermostats controlling this 20 per cent of
space heat are raised from I8oc. to 24oc. (65°F. to 75°F.), an additional
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Average Coincident Minimum Temperatures of Montreal and Toronto
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FIGURE 6.3A

Electric Loads for Highest Probable Peak Working Day,
Year 2000, Canada

(Coldest temperature is assumed at -32°C coincident mean, Mont real-Toronto)
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k to 8 million kilowatts could be needed. However this can be avoided by
following the reverse practice.

The isolated western power systems also face heating loads that have simi-
larly low load factors, and any possible assistance from nearby American
networks may be discounted since their winter peak demand is likely to be
at the same times as in Canada.

15. Because the regions of the United States adjacent to Canada have a slight-
ly higher peak load in the summer than in the winter, it is cheaper for
them to buy this excess from Canada than to provide it themselves.

Potential summer electricity exports to the United States are estimated
as follows. Table 6.1A shows summer and winter peak loads for the vari-
ous connected power grids of the United States. The geographic distribu-
tion of these power grids is shown in figure G.kk. The regions within
easy access from Canada, 1, 2, 3, 5, 8, have a summer peak load exceeding
the winter peak load by about 10 million kilowatts, and assuming the net-
works are designed to supply only the winter peak load, their present
deficit lies in the range of 5 to 10 billion kilowatt hours per year.

Figure 6.5A shows how the excess summer demand for electricity is calcu-

I lated for the power system of New York State. Assuming that the system
is designed to provide in the summer a peak load equal to the-winter peak,
figure (c) shows the deficit in kilowatt hours during the peak 1976 day.

I Taking into account figure (b) and the fact that many summer daily peaks

are substantially lower than the peak of figure (c) a total deficit of
ibout one billion kilowatt hours is estimated as the total summer deficit

I fur this power system in 1976. To estimate the total deficit in the re-

gions adjacent to Canada, we simply scale up by a factor of 5 or so.
Then from the growth of the deficits that is suggested in table 6.1A, a
figure of 20 to 30 billion kilowatt hours for the year 2000 appears prob-

1 able. .
Past electricity exports to the United States show no definite seasonal

I pattern so that the deficits estimated above need not be reduced by any

amount that could be classed as strictly summer export. Only in 1978
with the start of Hydro-Quebec's summer 800 megawatts sales to New York
State was this market beginning to be supplied.We should remind the reader that here we have been talking of summer ex-
ports only. But there is another potential market, that of baseload elec-

I t r i c i t y that may offer great opportunities to Canada. Much of the elec-
tricity supply in the northeast United States is produced from oil and
this must be replaced. There is also the normal growth that should take
place in the future. However, the nuclear programme in the United States
has been effectively halted and coal-fired electricity is too costly. A
market is thus developing that could be technically supplied by CANDU re-
actors inside Canada near the U.S. border. The magnitude of this market
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Table 6.1A . !; .
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ELECTRIC PEAK LOADS IN THE UNITED STATES '
Summer peak loads expressed as percentage of peak load for the following winter
Winter peak loads (actual 197*1-1975 and projected, 1976-1977 to 198i*-1985) million kilowatts
Excess demand in summer over following winter, million kilowatts

REGIONS

1 a)
b)
c)

2

3

it

5

6

7

8

9

TOTAL USA

1968

96

n ' t

101

102

121

139

150

108

87

105

1970

96

114

102

111

120

155

153

110

97

111

1972

98

118

103

108

121

143

146

110

96

1 10

1974

104
30,48

1.2

123
23-57
sA :

105
50,03
2.5

109
64.85
s.s,

125
23.43
5.9

156
20.19
11.3

157
14.85
8.5

119
11.49
2.2

107
55.46

3.9

US
302.5
45.4

1976

! j 102
133=70

' , ; - 7

^ 120
26,59

, ; J 5 . 3 ••

!•'!• 102
158.13

, . ' !
'

2
 ' • "

!
 IOI :

78.82
• 8

126
25.69

6.7 ;,;•

: 130
25.91 "

7 .3 , , .

: i 4 7 '
17.51
8.2 ,

•106 ,
I4J68*

- 9 ' .

102
66.1

'•'3
• • 1 0 9 ,

356.45
32.1

1978

102
36,96

.7

120
29-62

: 5-9

; 103
66,70
7-0

102
90.65

1.8

128
•29.19

8.2

131
30.32
; 9 . 4 ,

•• ' i l 4 4

20.73
9.1

. 106
17-20

1.0

•; 102
75.06
1.5

rto
406.90

40.7

1980

101
40,71 •

,4

, 120
32-90
6.6

!04
75.72
3.0

102
i 103.04

2.1

',. 128
: 32.97

; 9.2

J. 135
34.77
12.2

145
, 23.26

10.5

1 107
19.47

1.4

101
83.88

.8

110
458.25

45.8

1982

101
44.98

.4

119
36.64
7.0

104
85.02
3.4

102
116.95

2.3

128
37.14
10.4

135
39.96
14.0

143
26.43
11.4

108
21.70

1.7

101
93.12

.9

110
514.45

51.4

1984

100
49.40

0

118
40.5S
7 3

103
95.70
2.9

102
133.58

2.7

127
41.99
11.3

136
46,31
16.7

141
30 = 27
12.4

108
24.2S

1.9

101
103.45

1.0

110
579.25
57.9

Data from SPth Annual Electric Power Siawey (New York; Edison Electric Institute, 1976).
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FIGURE 6.4A

U.S. Power Grids ("Regional Reliability Councils")
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is in the billions of dollars annually. The reader may convince himself
of this by examining the projected loads as shown in table 6.1A in the re-
gions adjoining Canada.

16. Air-conditioning. Commercial and industrial air-conditioning is already
at saturation level and will probably remain so to the year 2000. This
electricity is already included in the "grid" component. However residen-
tial air-conditioning at present has a low overall penetration and its
percentage growth may be larger than the grid as a whole. Here again the
grid contains the same proportion of residential air-conditioning in the
year 2000 as it does today. We estimate the excess, not contained in the
grid, to be about 4 billion kilowatt hours.

Additional demand by freezers outside of the grid component is difficult
to estimate but it would be small, 1 billion kilowatt hours or less.
This was calculated using data from the following sources: Ontario Hydro,
The Role for Load Management in Ontario (Toronto: 1978); Ontario Hydro,
Energy Utilization and the Role of Electricity, Submission to the Royal
Commission on Electric Power Planning (Toronto: 1976); Statistics Canada,
Household Facilities and Equipment 19??, Cat. No. 64-202 (Ottawa: Supply
and Services Canada, 1978).

17. The 64 million kilowatts that can be classed as space-heating capacity
(I69 million kilowatts total minus 100 million for the grid and 5 million
for transport) would have, in effect, a capacity factor of about 32 per
cent. This would translate in turn into an overall load factor for this
capacity of about 40 per cent. This is quite an improvement over the 24
per cent of "pure" space heating. So the importance of compensating fac-
tors should not be considered negligible.

18. This projection may be compared with existing plans for electricity expan-
sion up to 1987, which are as follows.

Source

Hydro
Nuclear
Coal
Oil
Natural Gas

Total

1976 Actual Conditions

"Installed Capacity
Million kW

December 31 I976

39.48
3.47
13-62
8.51
2.82

68.09

Generated Energy
Billion kWh

213-05
16.43
39.34
12.95
11.54

293.4

1978 Planned
Capac i ty

Million kW

56.73
15.74
J7-95
11.74
3.04

105.20

Data from: Energy, Mines and Resources Canada, Electric Power in Canada
1976, Report El-77-5 (Ottawa: EM&R, 1977).
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19. The electric space-heating generating component of the capacity would con-
tain a high proportion, of course, of peaking power such as combustion
turbines. These are low in capital cost but high in fuel costs. This
raises the question of what this fuel would be. Curretnly it is oil and
gas, but our scenario has actually fully committed these to other applica-
tions, and none has been reserved for electricity generation. However,
in a later chapter we will meet another liquid fuel, not currently used
in Canada, but which would be ideal for running stationary turbines for
peak electricity generation and furthermore can be readily made domesti- |
cally. This is methano1.

20. We assume most of the existing electric power plant will have to be re- I
newed by 2000. The existing (1975) 60 million kilowatts would be worth •

' about $60 billion at replacement cost. We assume one third of this (most-
ly the hydro dams) will survive to the year 2000. |

! 21. As a back-up fuel in a hybrid system, oil is the best. Natural gas has
the disadvantage of suffering from the same peaking problems as electric- I
ity. Use of gas for peaking in a hybrid system would lower the load fac- I
tor of the gas plant, for example, if capital charges are $1 per thousand
cubic feet, a 10 per cent reduction in the amount used would raise aver-
age cost by 10 cents per thousand cubic feet. However pipelines do pro- I
vide some storage that could be used for peaking and, further, storage *
could be provided in depleted gas reservoirs or abandoned underground
mines. In any case the capital costs of gas capacity are very much lower I
than the costs of electric capacity so that a gas/electric hybrid would |
be much less costly than the all-electric system.

Wood, coal, and peat are easy to store; however, they suffer from other I
disadvantages: pollution (mainly coal) and unsuitabi1ity for automatic
control of their feeding, at least at the present time. Hence they must
be fed to the furnace manually. |

22. To ensure that the electric heater thermostat is set always above the
furnace thermostat it will be necessary to I

1. Combine the two thermostats into the same unit

2. Fix the temperature difference between the two so that both settings I
may be raised or lowered together without being reversed.

23- This hybrid system is estimated as follows: j

In figure 6.6A (a), the heat demand for the country is represented by the
Ottawa degree day curve. Curves representing different fractions of the
total heat load are shown. The demand is expressed in kilowatts leaving
the generating station after corrections for furnace losses and transmis-



179

FIGURE 6.6A

EsLimated Potential Electricity That Could Be Utilized By A Hybrid System
(Without Fixed Allocated Capacity) For 1975-76, Canada
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sion-distribution losses are made. A furnace efficiency of 65 per cent is
assumed. Figure (b) shows electric capacities for Canada for the year
1975-1976. The installed capacity on 31 December 1975 is assumed to re-
main constant over the period August 1975-July 1976. Any capacity that is
not needed for other uses at a given time is assigned to heating. All
available capacity, including the ready reserve, is utilized. On the aver-
age, in the winter, 97 per cent is taken as capable of being utilized.
Then by reflecting the line DLC in figure (b) into figure (a) the line
A'B1 is obtained. The area under the latter is heat supplied electrical-
ly, for example, for half the load connected, area ABCD a area A'B'C'D1.
For various fractions of connected load, the following data are obtained.

HYBRID HEATING SYSTEM, YEAR 1975/76
(A Hypothetical Case)

Per cent of total Canadian space
heat load connected to the system

Generated heating energy, billion
kWh

Total generated energy, billion
kWh

Annual capacity factor, per cent

Annual load factor, per cent

Per cent of Canada's space
heat provided electrically

0

0

282

52. k

67.7

0

12.5

A3

325

60.5

73

12.0

25

75

357

66

77

21

50

98

38O

71

82

28.5

100

120

402

7^.5

86.5

35

Thus if half the country's heat load were connected, the additional gen-
erated energy would be 98 billion kilowatt hours, the load factor 82 per
cent, the capacity factor 71 per cent, and the fraction of the country's
total heat provided electrically 28.5 per cent; or 57 per cent of the
heat of the connected load. The remainder of the heat would have to be
provided by an auxiliary fuel. (The inclusion of a heat pump into this
system may raise overall efficiencies further.)

Of course, existing plant could not operate at this high capacity factor
either for lack of water in the case of hydro, or because of very high
fuel cost for coal or oil/gas-fired plant. Capacity should be nuclear or
hydro with annual storage.

A hybrid system makes the "nuclear option" more attractive. Essentially,
if electricity is expanded through meeting space-heat needs with the cur-
rent techniques, there will be less opportunity to expand nuclear reac-
tors in Canada because the load characteristics of the system will be
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less suitable for the high capital cost but high availabi1ity of nuclear
plants. But for a hybrid of course this would not be true.

Nuclear plants would be ideal for the new load characteristics. We have
assumed CANDU will be acceptable in the hybrid case as it has certain fun-
damental advantages over light boiling-water reactors running on enriched
uranium, safety being one of them.

25. The cost of the additional electricity is estimated as follows: an appro-
priate mix of plant (nuclear, hydro, coal, oil/gas) is selected to gener-
ate power at the higher capacity factor that hybrid would make possible.
The mix giving the lowest cost per kilowatt hour is chosen. The same is
done at the low capacity factor (52 per cent without hybrid heating).
The difference in the costs between the two cases is the cost of the addi-
tional electricity that is used for heating. A number of estimates re-
sulted in costs of 2 to 5 mills per kilowatt hour ($.60 to $1.50 per mil-
1 ion Btu)„

Of course, these costs imply complete freedom in choosing generating
plant. Since most of the plant that exists today will still exist by the
year 2000, the assumed optimization will not be possible. Hence the ac-
tual cost of heating electricity will be higher, but still substantially
lower than present average costs.

26. Clearly the hybrid with fixed capacity will impose the same load on the
system after reconnect ion as it did before.

The hybrid without fixed capacity poses a more complicated problem. In
order to utilize as much of the available system capacity as possible the
total heating load served by the power system should be subdivided into a
number of subloads, say ten or twenty by district. As capacity becomes
available the subloads can be connected one at a time and also disconnect-
ed the same way when capacity is needed for other uses. In this manner
the generators will not be overloaded. Local overloads can be avoided by
Uniting the power of individual heaters and matching them to the load
they serve, and also by properly ordering the sequence of reconnect ion of
individual subloads.

The flyback effect is largest in the case of all-electric heating. Since
individual heaters are designed with some overcapacity and they will all
come on simultaneously on reconnection following a breakdown, they will
impose a larger load on the system than their normal peak load. The pow-
er company can avoid this overload by public appeals or by disconnecting
other, non-heating loads if provision has been made for this.

27. A word should be said about the main sources used for this chapter:

K The electricity statistics for Canada are contained in the following
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publications of Statistics Canada. Electric Power Statistics, Vol. I: •
Annual Electric Power Survey of Capability and Load (Cat- No. 57-204); |
Electric Power Statistics, Vol. II: Annual Statistics (Cat. No. 57*202);
Electric Power Statistics, Vol. Ill: Inventory of Prime Mover and Elec- ,*
trie Generating Equipment (Cat. No. 57-206); Electric Power Statistics I
(monthly) (Cat. No. 57"OO1); Household Facilities and Equipment (annual) *
(Cat. No. 64-202) (statistics on types of heating).

2. Some information for this study, particularly costs of electric capac- I
ity and uses for electricity in Ontario, was drawn from Ontario Hydro's
reports to the Royal Commission on Electric Power Planning (the Porter |
Commission), particularly, "Generation Planning Processes," "Energy Uti- I
lization and the Rule of Electricity," "Reliability," and "Generation-
Technical."

A variety of information on Canadian electricity is contained in Electric •
Power in Canada, an annual publication issued by Energy, Mines and Re-
sources Canada. I

American costs and other information are contained in the report Nuclear
Energy Policy Study Group, Nuclear Power Issues and Choices,- sponsored by «
the Ford Foundation (Cambridge, Mass.: Ballinger, 1977)- I

1
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Chapter Seven

1. The "new" building stock would have to be thermally efficient almost to
the point of being limited only by air renewal requirements, that is, a
savings of about 75 per cent. It is questionable if this is physically
or economically possible. It could certainly not be done by current in-
sulation techniques. One "exotic" construction technique is "air struc-
tures"--pressurized sacs covering buildings* In effect, they more close-
ly approach the theoretically most efficient (from a heat-loss viewpoint)
design of half a sphere exposed to the elements. Such a design maximizes
interior living space for any given surface area. Leaf Rapids, Manitoba
is using this system. The whole town is under one roof. This is still
essentially an experimental concept.

2. The same methodology is used to generate the relevant amounts of second-
ary energy required by each end-use application (space heat, industrial
heat, electrical grid, remote site (R/S) fuel, and transportation). Elec-
tricity includes a proportional (scaled-up) grid component, 10 per cent
of all transport needs, and an extra 20 per cent of space-heating require-
ments; oil and gas are constrained by domestic supply and national policy
to limit imports, and no exports (except as given earlier for gas) are
assumed.

3. We estimate about 67 per cent of Canadians live in single detached homes.
Our point is that everyone must give up hope of this style of accommoda-
tion. To illustrate further the possibility of life-style sacrifice to
save energy, we could go beyond mere row-houses and apartments. For exam-
ple, if the entire population were willing to live downtown in large win-
dowless buildings, kept at a temperature of around 15°C (60°F.), with
lighting levels well below present custom, and furthermore, to bathe and
wash less frequently in relatively cold water, then still more savings
could be achieved. The reader may detect a lack of enthusiasm for this
solution in the authors of this study.

k. Our calculation is as follows:

Oil
Gas
Coal
Electricity

Total
\0% Annual Carrying Charges

$ 25 bill
15 bil
7 bil

\k0 bil

$ 187 bil
$18.7 bil

ion
ion
ion
ion

ion
ion
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But, unfortunately, policy makers could not count on it. Consumers might
conceivably sacrifice the relatively labour-intensive consumption to con-

I
I

(Note: Chapter 10 gives details of coal capital costs; oil and gas are I
as given in earlier chapters; and electricity is calculated in the same I
way as chapter 6.)

The annual carrying charge on this capital would be $18.7 billion, or 4.8 |
per cent of our year 2000 GNP of $390 billion.

5. According to Bruce Hannon's figures ("Energy Conservation and the Con- I
sumer," Science, 11 July 1975, pp. 95-101), he would gain (i.e., conserve) «
45,000 Btu per dollar by giving up the car, lose (i.e., create extra de-
mand) 75,000 Btu per dollar by moving to a cheaper (smaller) house, but 1
also gain 55,000 Btu per dollar by going to a movie, and gain a further |
40,000 Btu per dollar by eating in restaurants. His net gain or energy
conservation over all four transactions would be 16,250 Btu per dollar. «
Compared with the overall average, as given by Hannon, of 85,000 Btu per I
dollar, this represents a further saving of 19 per cent. This can actual-
ly be promising from an employment standpoint. Hannon even calculates
the labour intensity of common consumer items, just as he does the energy I
intensity. In our "model" of structural change we used above, Hannon cal- I
culates the respective labour effects through all four transactions as
follows (all calculations are jobs per $100,000 (constant 1963 U.S. dol- |
lars)): giving up the car means losing 9-5 jobs; gh'ing up the self- |
owned home means losing 2 jobs; going to the movies means gaining 15 jobs;
and going to restaurants means gaining 14 jobs. The net gain in employ- -
ment is 17-5 jobs! I

Of course, this also represents a considerable change in life-style. Typ-
ically, from the car and the suburban single house (capital-intensive I
goods), it means recreations and social activities (labour-intensive ser- 1
vices).

6. An excellent paper, "Economic Impact of Low Energy Growth in Canada: An |
Initial Analysis," (Economic Council Discussion Paper No. 126, Ottawa:
1978), urges precisely this point. The author is Dr. David Brooks of En- _
ergy Probe, who uses the CANDIDE econometric model to illustrate some of I
his points. After fifty years or so, drawing on many of the same concepts •
and trade-offs as Hannon, he is able to show the Canadian economy at full
employment and with an average annual percentage decrease (!) in energy I
consumption. (Some years, particularly at the beginning, show some energy |
growth.) But Brooks is forced to conclude, as is Hannon (and ourselves),
that the implication of significantly slower growth in real incomes is in- •
escapable. All the same, if the forty-hour work week is the life-style 1
item judged essential to maintain, and none of our eventual supply options
(given later) are feasible or acceptable, then this solution of substi-
tuting labour for energy (and accepting the necessity of stabilized or de- I
clining real per capita incomes) is unquestionably a valid prospect. *
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centrate on the capital- (and energy) intensive goods and services. This
would increase unemployment rapidly in the absence of offsetting policies.
Those who still had jobs would be directing their spending, in effect, to-
wards preserving their life-style—and this would hardly be surprising.
Those without jobs would have a tough time finding any.

7- Hannon, op. ait., p. 100.

8, Table 7-2 (Part I) is a comparison of the basic assumptions incorporated
in the 1-75 per cent and 3-5 per cent growth projections. In the 1.75 per
cent growth scenario, secondary energy demand increases at only 0.78 per
cent annually, an extraordinarily low rate compared to the last twenty-
five years. Only a secondary energy growth rate of less than 1 per cent
completely eliminates the energy gap foreseen in our analysis.

9. As a rough approximation, cutting economic growth in half means only half
as much investment in new equipment. In this scenario, Canada achieves
only a 0.79 secondary energy to GNP ratio, as opposed to the 0.70 value
derived for the 3.5 per cent growth condition. Even this may be optimis-
tic under the circumstances. Interestingly, energy investment would be
6.7 per cent of GNP in this scenario. Low growth does not reduce prices,
if we rely on the familiar sources.

10. It is just possible a low growth scenario could be made bearable by some
substantial restructuring of the economy's relative capital/labour ratios,
and accepting the life-style changes thereby entailed. There would cer-
tainly be a sharp fall in property values among Canadian suburbs and in
the quoted price of automobile manufacturers' shares. Furthermore, even
under the best conditions the disposable component of income would have
to fall, because in real terms, energy prices would be rising while aver-
age personal income would be stationary. A certain amount of belt tight-
ening would be inevitable.

IK Hannon, op. cit, , even suggests replacing the existing money-based credit
system with an energy-based one. Only by such measures could governments
be sure the public had reliable information upon which to choose less en-
ergy-intensive activities. Certainly such>information will be required
by consumers, whether or not the government wishes to enforce certain con-
sumption patterns.

12. This assumes—quite unrealistically—that the energy consumption of lei-
sure activities is zero. The fact that they are not suggests that the
shift in activity would have to be even greater than projected here to
accomplish such energy savings.

13- This point is reinforced by noting that Canada may have developed its in-
ternational trade comparative advantages on the basis of cheap energy
prices. This now returns to haunt us since our economy is less diversi-
fied than it would have been had energy prices been higher.
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It is possible countries with a more diversified economy might do better |
than Canada, even if on paper their total resource base (including energy) |
was much inferior. To them, the oil price hike was merely a relative
price increase in a single commodity—their international comparative ad- .;
vantages might remain almost unchanged. So their economic progress can I
still be orderly. Examples could be Japan and West Germany. But by im-
plication, Canada might have to face a major restructuring of its economy
despite relative abundance of domestic energy supplies. I

I
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Chapter Eight

1. Bitwnen: "a naturally occurring viscous mixture composed mainly of hydro-
carbons heavier than pentane which may contain sulphur compounds and that
in its natural state is not recoverable at a commercial rate through a
weJl" (National Energy Board, Canadian Oil Supply and Requirements
(Ottawa; Supply and Services Canada, 1978), p. xxiv). The bitumen is
deficient in hydrogen. Unless external hydrogen is added as much as 30
per cent of the bitumen is lost as coke in the upgrading process (see
Note 2).

Tav Sands: the'correct term is "oil sands":
rials that contain crude bitumen.

sands and other rock mate-

2. SUMMARY OF OIL SANDS RESOURCE ESTIMATES AND CHARACTERISTICS

Bitumen in place (bill ior.s of
barrels)

Anticipated surface recovery-*
(per cent)

Recoverable bitumen (billion
jarrels)

Jpgrading shrinkage and fuel
(per cent)

Recoverable upgraded oil
(billion barrels)

Status of recovery technology
(1977)

Current economic viability (1977

Anticipated timing of active
development

Cold Lake1

In situ

165

12-25

20-40

20-35

15-30

Technically
proven

Probably marginal
at OPEC price

levels

Mid to late 1980s

2
Athabasca Type
In situ Mining

715

10-30

72-200

30-50

40-140

Early pi lot
stage

Unknown

Unknown

74

51

38

• 30

275

Commer-
cial

operation

targinal
at OPEC
price
1 eve1s
(1977)

Ongoing

187
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1. Lloydminster heavy oils included with conventional reserves, chapter 2 I

2. Includes Athabasca, Peace River, Buffalo Head Hills, Wabasca

3. Recoverable at the surface prior to upgrading shrinkage or fuel usage |

k. Lower range of value refers to process loss only, while upper range in- «
eludes probable usage as fuel in thermal recovery processes I

5. Revised downward to 22.6 by Alberta Energy Resources Conservation
Board in 1978 I

Source: Energy, Mines and Resources Canada, Oil Sands and Heavy Oils:
The Prospects^Report EP 77-2 (Ottawa: Supply and Services Canada, 1977). I

3. Imperial Oil apparently believes that in situ production is feasible since
it has an application before the Alberta Energy Resources Conservation .
Board to produce 160,000 barrels per day of heavy oil on its Cold Lake I
leases. This translates into perhaps 1^0,000 barrels per day of light "
crude. Estimated project costs (as of a June 1978 industry reporting) are
*K7 billion 1985 dollars, or 3.2 billion 1977 dollars, compared with about I
2.5 billion 1977 dollars for a Syncrude strip-mining plant producing I
125,000 barrels per day.

h. However, it is existing Canadian government policy to allow gas to |
approach Btu price equivalency with oil, and it is already increasing in
price rapidly.

5. Oil Week (5 June 1978), p. 9; and National Energy Board, Canadian Oil Sup- '
ply and Requirements (Ottawa: Supply and Services Canada, 1978), p. 56.



Chapter Nine

1. Our evaluation of the other renewables, or so-called renewables, is as
follows.

- Tlie winds: with the expected improvements, wind power is projected to
cost about $1,500 to $2,000 per kilowatt including transmission and dis-
tribution. Owing to the wind variability, the capacity factor will be
low, of the order of 20 to kO per cent. The expected cost of electrici-
ty will be of the order of 6 cents to 15 cents per kilowatt hour at av-
erage wind speeds of 15 miles per hour. This is two to five times high-
er than from other sources.. It is therefore not promising except in
isolated locations.

- Ocean waves', no commercial technology for its exploitation exists as
yet and this implies it will be costly.

- Ocean thermal gradients', it is available only in the tropics and the
cost of electricity from it is expected to be high.

- Temperature differences between water and air: in the Canadian north
these are large in the winter and may be used for the production of
electricity. Cost will be high but isolation may justify it. Its role
in Canada's energy picture will be very minor.

- The Tides of Fundy: their potential is of the order of 20 billion kilo-
watt hours annually, but costs are as yet undetermined. This source
may become important in its locale, but the contribution to Canada's
total energy needs would be very small, probably less than 1 per cent.

- Geothermal: the potential for exploitation of geothermal energy exists
in the vicinity of the Rocky Mountains. The availability of undeveloped
hydro potential in the West will, however, limit geothermal to direct
use as heat and its use in this application will be limited by trans-
mission cost. Only sources that are found within a few miles from major
cities or industries will be economically viable. A very minor role.

- Fusion: if technologically feasible, it may be commercially available
after the year 2020. The cost of fusion electricity has been estimated
at from 30 per cent to three times higher than from present sources.
Direct fusion heat may be competitive with other sources. Because fuel
resources are practically infinite, its potential, for the very long run
is likely to be great if the technology can be developed. A big "if."

- Solar electric (-photovoltaic): the U.S. Department of Energy is aiming

189



190

at a generation cost of k cents to 6 cents per kilowatt hour by the year
2000 for the southwest United States. In Canada, the cost would be
twice that, owing to reduced sunlight. This is four to six times higher
than from present sources. This source is of no interest to Canada.

2. Forest Biomass

The annual growth of Canadian forest biomass is not accurately known but
various estimates place it in the range of k to 6 quads with one estimate
going to as high as 10. Commercial wood is about 2 quads of which half
(1 quad) is currently utilized, and the rest may be so by the year 2000 or
beyond. (See Peter Love and Ralph Overend, Tree Power, An Assessment of
the Energy Potential of Forest Biomass in Canada, Report ER78-1 (Ottawa:
EMSR, 1978)„

Thus, there is a potential of 2 to k quads of forest wastes and non-
commercial wood that could be used for fuel. The main obstacle to such a
use is cost. Half of this potential is in the West, away from the large
markets of the East.. In the West there are many low-cost energy sources
such as coal or (potentially) low-Btu gas from underground coal gasifica-
tion. Wood wastes may thus not be cost-competitive.

The transport cost, considering the high bulk and the lack of low-cost
routes from forest to market, may be of the order of $0.05 or more per
ton-mile of raw biomass or about $2 to $3 per million Btu. Total cost
would be in the range of $3 to $6 per million Btu, high but not necessari-
ly prohibitive.

3. Conversion of forest biomass to methanol would eliminate the high trans-
port cost since conversion could be done on site and transport for metha-
nol, a high value fuel, would add little to cost. Forest biomass could
also be converted to electricity, but this use would be non-optimal and
certainly inferior to methanol production.

In addition to methanol, other alcohols could be produced from the same
feedstocks or from grain, which could be used for motor fuel. However
methanol seems the most promising.
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TOTAL POTENTIAL CANADIAN SUPPLY OF METHANOL:
PLUS FOREST BIOMASS

IN THE YEAR 2000 FROM SUR-

A H costs in 1975 dollars

Biomass at $28 per Oven Dry Tonne (ODT) average cost

) Simple Gasification Process

2.3 ODT of biomass per tonne methanol

Potential Methanol Supply = 1.37 quads per year

Cost $5.7O-$6.7O per million Btu

Methanol Cost in Terms of Gasoline Equivalent

Straight Btu conversion—$O.85-$l.OO per gallon of gasoline
equivalent

Assuming 25 per cent higher efficiency for methanol—$0.68-$0.80
per gallon of gasoline equivalent.

) Hybrid Process (using hydrogen from natural gas)

.38 ODT biomass per tonne methanol

Potential Methanol Supply r 5.1 quads per year

Natural Gas Required = 6.2 trillion CF per year

Cost

Case A

Natural Gas at $1.85 per 1000 C F - - $ 3 . 6 8 - $ A . 8 5 per m i l l i o n Btu

Case B

Natural Gas at $3 - 0 7 per 1000 C F — $ 5 . 2 0 - $ 6 . 3 2 per m i l l i o n Btu

Methanol Cost in Terms of Gasoline Equivalent

Straight Btu Conversion

Case A

$0.55-$0.72 per gallon
of gasoline equivalent

Case B

$0.77-$0.94 per gallon
of gasoline equivalent

Assuming 25 Per Cent Higher
Efficiency for Methanol Engines

$0»A'»-$0.58 per gallon of gasoline
equivalent

$0.62-$0.75 per gallon of gasoline
equivalent
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Data from: Liquid Fuels from Renewable Resources, a study done by
Intergroup Consulting Economists for Environment Canada (Ottawa:
1978).

Estimated costs for methanol directly from natural gas or from coal apd
for other liquid fuels (synthetic crude) from coal are as follows. (Note
large difference in costs of synthetic crude from coal between the Cana-
dian and American estimates. This reflects uncertainty associated with
such cost estimates. It should be noted that the majority of published
costs are closer to the American figures.)

CANADA: METHANOL FROM COAL AND NATURAL GAS

I

All Costs n 1975 Dollars

Calculated from indicated references. An 8 per cent annual inflat
rate was assumed to deflate to 1975 dollars.

?rom Coal

Coal Cost

>) $20/ton (sub-bituminous)
$20/ton (sub-bituminous)

>) $10/ton
SlO/ton

?rom Natural Gas

Natural Gas Cost

$1.8$/MCF
$3.O7/MCF

Methanol Cost

$6.80-$8.*K)/MMBtu
$5.75/MMBtu

$5.70-$7.05/MM6tu
$l».50/MMBtu

Methanol Cost

$l»..70/MMBtu
$7.26/MMBtu

1. Ontario Research Foundation, "Impact of the Partial Subst
of Methanol in Industrial and Automotive Fuels" (Sheridan
Ont.: 1977).

1. D.J. McConaghy and J.E. Feick, "Petrochemicals from Coal
Alberta" (Edmonton: Alberta Research Council, 1978).

ref
ref

ref
ref

ref
ref

ion

(1)
(2)

(0
(2)

CM
 

CM

itut ion
Park,

in

I
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I
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CANADA: SYNTHETIC CRUDE OIL FROM COAL

Costs in

Deflated to 1975 assuming 8

Cost

(The

(a)

(b)

(c)

(d)

(e)

of coal $7.75/ton (1980
$10.80/ton (1980

quality of the product

Process

Fischer-Tropsch

COED

H-Coal

SRC

Synthoi 1

1975 Canadian Dollars

per cent annual i

dollars) except
dollars) in case

differs from case

nflation rate.

in case (b)
• (b)

. to case.)

Cost of Synthetic Crude per Barrel

1980 dollars

21.22

26.68

20.95

19.64

19.21

For Comparison - Cost of Oil from Syncrude
(Tar Sands)

Per
qual

barrel of pipeline
i ty o i l

1980 dollars

15-93

1975 dollars

14.50

18.15

14.25

13.36

13.10

Process-Mined Bitumen

1975 dollars

10.85

Source: D.J. McConaghy, "The Comparative Economics of Current Coal
Liquefaction Processes in an Alberta Context" (Edmonton: Alberta
Research Council, n.d.)

UNITED STATES: SYNTHETIC CRUDE OIL FROM COAL

Costs in 1976 U.S. Dollars

Feedstock and labour real costs assumed constant at their 1976 levels.

Capital estimates are as of 1976.

Bituminous Coal

$32.00/ton

Synthetic Crude

$23/barrel
$28/barrel

lynthetic Crude from Shale $15 to $21 barrel
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Note: Most estimates of U.S. synthetic crude range from $16 to $36/
barrel.

Source: Martin Novi1, "Synfuels Market Potential," Project 8997,
prepared for Federal Energy Administration (Chicago: Institute of
Gas Technology, 1978).

On balance, the most likely competitor to biomass as a methanol source is
Saskatchewan lignites. These are quite suitable as a feedstock, their
mining cost is low, and they have few other uses owing to high transport
costs,

6. See Note 4.

7* To appreciate the potential of passive solar heat in Canada let us consid-
er an example. First consider the heat losses through blind wall and
through window pane. These are shown in the following table:

I

Construction

Jail - 1" insulation
3" insulation
6" insulation

Window - single pane
double pane £" gap
triple pane £" gap
storm window t" gap

Heat Loss

Btu per Sq, Ft.
per 0 per Day

5.4
1.8
.9

<t8.6
27
20.5
23.8

Btu per Sq. Ft.
per year

(assuming 4500 °C.
days)

24,000
8,000
4,000

218,000
122,000
92,000
107,000

From the table we note that if a blind wall with 3"inch insulation were
to be replaced by a triple-pane window, annual heat losses would be in-
creased by 84,000 Btu per square foot. For passive solar to be of in-
terest, the amount of solar heat captured must exceed the losses by a
substantial amount. The total solar radiation on a vertical south facing
square foot during the heating season in southern Canada is about 160,000
Btu. At a collection efficiency of 40 to 50 per cent, the captured heat
would be roughly equal to the losses and there would be no net gain. In
order to get a net gain the window space must be kept insulated all the
time except during the warm sunny days of October, March, and April. It
may then be possible to have a net heat gain of about 20 to 40 thousand
Btu per square foot for the heating season. The cost of this heat will
probably be high. For a house with 200 south facing square feet of win-

i
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8.

9.

dow space, the annual passive solar heat collected would be 4 to 8 mil-
lion Btu, or about k to 8 per cent of the net annual heat requirements.
If one quarter of the 3 million single dwellings that will be built in
Canada in the next twenty years—the ones that face south—are so equip-
ped, the total heat collected by the year 2000 would be 3 to 6 trillion
Btu or less than one tenth of one per cent of the total secondary energy.
This is a rather negligible contribution.

The factor that defeats passive solar in Canada is not so much the lack
of sunlight as the large heat losses. In a warmer climate, such as the
southern United States, passive solar would be much more promising.

Not only is solar heat incompatible with electricity in a hybrid heating
system, but it would compete with off-peak electricity for the same mar-
ket, that of baseload heat. In this competition solar heat has the dis-
advantage of being ten to twenty times costlier than off-peak electricity
used in a hybrid system with another fuel for back-up. (See chapter 6 on
electricity for a description of this hybrid.)

The breakdown of the cost for a solar heating and hot water system is as
follows (per square foot of panel in 1976 U.S. dollars).

Collector
Heat exchanger
Thermal storage
Pump
P1umb i ng
Controls
Accumulator
Mi seellaneous
Labour

Sub-total
Overhead fee (at 3*».75%)

Total

$15.80
1.63
2.10
.29

1.00
.71
.01
-15

3.00

$24.70
8.58

$33-30 per sq. ft.

Source: Systems Descriptions and Engineering Costs for Solar-Related
Technologies, Vol. II, Solar Heating and Cooling of Buildings, MTR-7^85
(McLean, Virginia: The MITRE Corporation, 1977).

In Canada a 500-square foot installation costing 16,650 1976 U.S. dol-
lars (about 15,000 1975 Canadian dollars) would provide half the annual
space heat and hot water of a well-insulated average home.

In the more southerly regions of the United States, solar is currently
much more promising. The heat delivered by the sun to the ground is
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typically twice as much as in Canada. Hence the efficiency of solar col-
lectors is instantly doubled. Additionally, the winter space-heat demand
is much less owing to the moderate climate 1000 degree days per year in-
stead of A500. I

Lower energy costs are certainly a factor in the so-called "sunbelt shift"
of people and industry towards the more southerly parts of the United
States. In the very Jong run, there may be many more economic options in I
the moderate southern U.S. climate than in the more northerly parts of I
the continent* This could be an ominous development for Canada in the
absence of offsetting conditions. 1

10. Reported by Wolf Hafele of 11ASA in an Ottawa speech January 1979.

I
I
li

I
i
I
I
I
I



Chapter Ten

1. Another .37 quads primary of coal was used for electricity generation.
At 30 per cent efficiency, we calculate that this translated into about
.11 quads secondary electricity. Because of the small size of this figure
we have ignored it here, though it has been discussed in the electricity
chapter.

2. See W.C. Patterson and R.F. Griffin, Fluidized Bed Energy Technology:
Coming to a Boil (New York: Inform Books, 1978); and Eric K. Johnson,
Robert S. Ryan, and Andrew J. Grant, "Commercialization of Fluidized-Bed
Combustion Systems by the State of Ohio," in Energy Technology V: Chal-
lenges to Technology, Proceedings of the Fifth Energy Technology Confer-
ence, 27 February - 1 March 1978, Washington D.C. (Washington, D.C.:
Government Institutes, 1978).

3. In February 1978, a paper delivered at the Fifth Energy Technology Con-
ference (Johnson, Ryan and Grant, op. cit.) clearly demonstrated that a
fluid bed combustor could easily burn coal and satisfy the emissions reg-
ulations for the United States. These regulations are as follows-

1. S0 2 <; 1.2 lb/MMBtu

- 2. N0 x < 0.9 lb/MMBtu

1 3- Particulate matter 0.1 lb/MMBtu

•

Testing for SO2 emissions revealed that both current and proposed Environ-
mental Protection Agency (EPA) standards using high sulfur Ohio coal and
Ohio limestones could easily be surpassed. The combustion of coal in the

I
fluidized bed leads to the evolution of SO2. The S02 reacts with calcined

limestone or calcium oxide to produce calcium sulfate (gypsum). Because
the bed temperature is maintained in the 15OO-l65O°F. range (it can be
lower if necessary), the rate of formation of calcium sulfate is opti-

I mi zed. This temperature range is well below the temperatures at which

the calcium sulfate decomposes. Consequently, the SO2 emission can be
controlled to EPA limits. All of the statements made with respect to

I coal also apply to any high sulfur fuel, such as high sulfur petroleum

fuels.

I The emission of N0 x may be considered as two separate problems. Nitrogen,

which is a chemical constituent of many fuels and in the air feed, appears
to form N0 x during the combustion process and its contribution to the to-
tal concentration is related to the amount of nitrogen in the fuel. Sec-

I o n d l y , nitrogen and oxygen at elevated temperatures will react to form
N0 x. This reaction depends strongly on temperature and the concentration

197
I
I
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of both oxygen and nitrogen. The relatively low fluidized bed temperature
is the maximum temperature in the fluidized bed combustion (FBC) boiler;
therefore, the formation of N0 x due to temperature has been minimized.
There appears to be no problem in FBC systems meeting today's N0 x emission
limits (EPA standards).

The solid products of a fluidized bed combustion process are the ash from
the coal, calcium sulfate, and calcium oxide. A small amount of the solid
refuse becomes entrained in the air stream and must be removed with a par-
ticulate removal system. Control of particulate emissions will be carried
out by conventional means, that is, cyclones, electrostatic precipitators,
or baghouses.

The solid refuse removed from the bed is dry and relatively easy to handle.
Fortunately, there appear to be several applications for the refuse, such
as a soil amendment, road-base material, wastewater treatment, and so
forth. Also, recent tests have shown that the aqueous leachate complies
with EPA water quality standards. Although these applications may not
create any revenue, at least the solid refuse apparently will not repre-
sent another unwanted liability to the industrial plant manager. It cer-
tainly does not have the same disposal problem as the sludge from scrub-
bers.

One possibility is to supply some portion of the required heat by "pocket
nuclear reactors" rather than coal. Direct nuclear heat from the reactor,
without first converting to electricity, has the potential of making a
significant contribution to the country's future needs for heat. But at
the moment there are two serious limitations.

1. The reactors must be placed close to the consumption centres, that is,
20 miles or preferably less, since the cost of transmitting hot water over
a longer distance would be too high. This could create fears and opposi-
tion from the public. However, the superior design and safety record of
CANDU reactors may allay such fears in the future.

2. There are also capacity factor problems. A CANDU reactor working at
a capacity factor of 70 per cent will produce heat at a cost of about
$1.50 per million Btu. But if it were to supply heat for space heating,
its capacity factor would be only about 20 per cent as we noted in the
chapter on electricity. This would triple the cost of heat to $*».00 or
$5-00 per million Btu, which is too high. The cost could be lowered, but
not sufficiently, by providing short-term (a few days) hot water storage.

A way to lower costs is to use nuclear heat for baseload in a hybrid sys-
tem with a coal-fired plant providing peak load. The coal plant would
have to be large enough to provide full load if the reactor failed. Thus,
if the nuclear reactor provided 40 per cent of the annual heat of the con-
nected load, its capacity factor would be 60 per cent and the cost of heat
under $2 per million Btu. However, there is still a problem of scale.
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The smallest commercial CANDU reactor (Pickering) has a thermal capacity
of 1.75 million kilowatts. In a hybrid system in which it provides kO per
cent of the heat, it would require a connected load of about one million
people. Only Montreal and Toronto could provide this load. Therefore a
maximum of two reactors could be utilized at present. They would provide
3 per cent of the country's space heat or 1 per cent of the total energy.

The picture could improve in the future if efficient smaller reactor dt
signs became available. It would then be possible to use nuclear heat in
smaller cities and raise its proportion of the total natonal energy sup-
ply. Interesting as this possibility is, it has received little careful
attention to date.

Waste heat from nuclear electric plants faces the same problems and some
additional ones. For example, the temperature of this discharged cooling
water is too low, and it may be too costly to modify the existing plants;
new plants may be designed so that this waste heat can be utilized. But
its impact nationally will be minor.

5. The question of trace elements has not yet been dealt with formally in the
EPA standards. However, it may have to be if coal containing significant
trace impurities is burned and contaminates the environment. Many ele-
ments, such as we described, may be found in coal in low concentrations,
for example, one part per million to one part per hundred million. In
Canada, if one hundred million tons of coal per year were consumed, any-
thing from 1 ton up to 10 tons of these trace elements might be released
by conventional means of burning coal. The great advantage of a fluid bed
combuster is its peculiar design and low operating temperatures which pre-
vent trace elements vaporizing into the atmosphere. However, mercury
might be the exception, as it has a low boiling point - 357°C. A fluid
bed might or might not release it to the atmosphere. Possibly some way
could be found to trap it in the stack, if it is released.

We are indebted to Dr. Leon Katz, of the Saskatchewan Science Policy
Secretariat for bringing this problem to our attention.

6. See, for example, J. Karkheck, "Prospects for District Heating in the
United States," Science (II March 1977); Acres Shawinigan Limited, Dis-
trict Heating Studyt a report prepared for the Ontario Ministry of Energy,
(Toronto: 1976); Acres Shawinigan Limited, District Heating for Small
Communities, a report prepared for Energy, Mines and Resources Canada
(Toronto: 1977).

7. J. Karkheck et al.> op. ait.

8. Energy, Mines and Resources Canada, 1976 Assessment of Canada's Coal Re-
sources and Reserves, Report EP77~5 (Ottawa: EMSR, 1977).

Canada also has large peat resources which are found in every part of the
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country but mainly in the North. These have not been accurately estimated,
but they are in the range of 5 to kO billion tons of coal equivalent, cov-
ering a total area of over 200,000 square miles. Because the technology
of production and transportation is not well developed, we do not include
peat in the coal reserves, but further exploration and technology develop-
ment would make it possible to include increasing amounts of peat in the
energy reserves of the country.

Furthermore, the world resources of coal exceed 10 trillion tons. If half
of these are minable they could supply total world energy at the present
rate for over five hundred years.

9. Prices of Thermal Coal in Canada in 1976 (1975 dollars) per ton

Currently the range of coal prices at the minehead is approximately as
follows:

A. Canadian Coal

Mberta Plains

fountains

teritimes

Saskatchewan

The Alberta Plains

teritimes

Mberta Plains

Open Pit

$ 2.65 sub-bituminous

16.00 various

18.25 bituminous

2.30 lignite

also have better bituminous coals.

Underground

$18.00 bituminous

2.65 sub-bituminous

Source: 1976 Assessment of Canada's Coal Resources and Reserves,
Report EP 77~5 (Ottawa: EM&R, 1977)- The prices shown here are
calculated from data given in this report.

B. U.S. Coal

I
I
I
I
I

i
I

Clean coal (bituminous)

High Sulphur (bituminous)

$18.50 F.O.B. mine.

$12*00 F.O.B. mine.

Source: Mineral Commodities Summaries 1978 (Annual) (Washington, D;C.
U.S. Dept. of the Interior, Bureau of Mines).
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10.

Cost of transporting coal from the West to Lake Ontario is about $18 (1975
dollars) a ton. The existing rail network can carry an additional 50 mil-
lion tons a year. Upgrading to increase carrying capacity is possible. A
new double-dedicated track line would cost about $1 billion and could car-
ry up to 300 million tons a year from Alberta to the Lakehead, Transport
costs from the United States (Ohio, Illinois, etc.) would be substantially
lower.

DISTRICT HEATING COSTS
FOR A TYPICAL COMMUNITY OF 20,000

All Costs in 1975 Dollars

Cost Item

Peak heat load (including
residential, commercial
and industrial heat)
Annual heat, total
Annual heat, per capita
Fuel heat at 80% overal1
efficiency
Fuel cost (at $30/ton)

(coal) (at $40/ton)

Capital Costs

Central plant
Distribution, piping
Consumer equipment
Total
Capital charges at
IO£ interest
Maintenance costs

Costs
Coal at $*»0/ton
Total annual cost
Cost per million Btu
(delivered)
Cost to heat average
lome (98 mil lion
useful Btu)

Average cost per home

New Retrofitted
Commun i ty Communi ty

576 x 106 Btu/hr.

1.7 x 10 1 2 Btu
85 mill ion Btu

2.125 x 10 1 2 Btu

$2.55/mi11ion Btu
$3.40/million Btu

7-69
14.3
6.06
28.05

$2.8 million

.9

$7.1 mi 11 ion

$4.18

$410 per year

7.10
31-3
7.21

45.6

$4.56 million

.9

$8.86 million

$5.21

$510 per year

50% hew, 50% retrofitted $460 per year
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I

With coal at $30 per ton, cost would be reduced to $k]] per year, or con- •
versely, at $50 per ton, $510 per year. Jj

Source: Acres-Shawinigan Limited, District Heating for Small Communities, _
a report prepared for Energy, Mines and Resources Canada (Toronto: 1977)- I

For higher density loads (for example, downtown city cores and nearby sur-
rounding areas), costs would be still lower. This is likely to be the I
lowest cost clean heat in the future, next to off-peak electricity as in I
the electric hybrid (chapter 6 ) .

11. We have derived this figure as follows. The total investment to give 3 I
primary quads of oil we calculated earlier would be about $25 billion.
The capital for natural gas would be about $15 billion. Electricity would
require $169 billion to give 2.19 secondary (6.42 quads primary) energy. •
This is identical to our calculations in chapter 6. We have estimated *
coal facilities and district heating require about $16 billion. This
gives a total standing investment of $225 billion in 2000, which implies B
(at 10 per cent carrying charges) an annual charge of $22.5 billion out of (
a year 2000 GNP of $390 billion (5.8 per cent).

I
1
I
I
I
I
I
I
I
I
I



GLOSSARY OF TERMS AND UNITS

UNITS OF ENERGY AND POWER

Btu - (British Thermal Unit) - the amount of heat required to raise the tem-
perature of one pound of water by 1°F.

MBtu - 1000 Btu

MMBtu - 1,000,000 Btu

quad - One quadrillion (one thousand trillion) Btu

calorie (cal) - the heat required to raise the temperature of one gram of
water by 1°C.

1 Btu = 252 calories

joule (j) - 4.186 joules = 1 calorie

kilojoule (Kj) - .9482 Btu

kilowatt hour (KWh) - 3412 Btu = 3.6 million joules

kilowatt (kW) - unit of power = 1000 joules per second

LENGTHS

1 foot = .3048 metres

1 mile = 1609.34 metres

VOLUMES

1 cubic metre = 1000 litres = 35-315 cubic feet

1 barrel = 35 imperial gallons = 42 U.S. gallons = 5.6066 cubic feet

1 cubic metre = 6.2988 barrels

1 imperial gallon = 4.536 litres

CF = cubic feet
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MCF = 1,000,000 cubic feet

BCF = 1 billion cubic feet

TCF = 1 trillion (1 thousand billion) cubic feet

WIHGHTS

1 Kilogram (Kg) = 1000 grams (gm) = 2.205 pounds (lb)

1 tonne (te) = 1 metric ton = 1000 Kilograms = 2,205 pounds

1 ton (t) = 1 short ton = 2000 pounds

1 tonne average crude oil = 7.3 barrels

1 barrel of oil per day (b/d) = 50 tonnes per year

ENERGY CONTENTS

1. SOLIDS

standard coal (bituminous) = 25.2 million Btu per short ton
= 12,600 Btu/lb = 7000 cal/gm

lignite - 6600 Btu/lb = 13-2 million Btu per ton

(The energy content of coal depends on ash content and composition and
varies from 4,000 to 16,000 Btu/lb)

peat (dry) = 9000 Btu/lb

wood = 19 million Btu per oven dry tonne (ODT)

natural gas at a pressure of 1 atmosphere and 60°F.
1000 Btu per cubic foot

methanol - 75,000 Btu per gallon

oil

Energy content of 1 barrel of
crude oil - 5.80 million Btu
gasoline - 5.22 million Btu
kerosene - 5.68 million Btu
diesel fuel - 5.83 million Btu
light fuel - 5.83 million Btu
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heavy fuel oil - 6.29 million Btu
aviation turbo fuel - 5.41 million Btu
LPG - 4.095 million Btu
LPG - liquified petroleum gases (propanes, butanes)

uraniurn

1 gram entirely fissioned = 8.2 x 10 joules = 77.7 million Btu
1 tonne natural uranium at .8 per cent burn up (7500 megawatt-days thermal
per tonne) and 30 per cent conversion efficiency (typical of a CANDU re-
actor) will produce: 54 million kWh

2. Solar: average annual radiation on a horizontal surface at ground level
in the inhabited areas of Canada: 150 watts per square metre or 415,000
Btu per square foot per year. Radiation on a south facing vertical square
foot = 300,000 Btu per year

3. Gravity: 1 cubic metre of water falling 367 metres will release an amount
of energy equal to 1 kilowatt hour

4. Steam: one pound of steam will release approximately 1000 Btu on conden-
sation

A one million kilowatt thermal electric power plant working at a capacity fac-
tor of 50 per cent and a thermal efficiency of 30 per cent will produce 4.380
billion kilowatt hours and will require the following amount of fuel in one
year:

1.98 million tons of bituminous coal
or 4 million tons of lignite
or 2.8 million tons of dry peat
or 2.C> million tons of oven dry wood
or 8.6 million barrels of crude oil
or 50 BCF of natural gas
or 89 tons of natural uranium (in a CANDU reactor)


