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The Special Committee on Alternative Energy and Oil Substitution has the honour to
present its

THIRD REPORT

In relation to its Order of Reference of Friday, May 23, 1980, your Committee has
examined the following:

That a Special Committee of the House of Commons, to be composed of seven
Members to be named at a later date, be appointed to act as a Parliamentary Task Force
on Alternative Energy and Oil Substitution to explore and report upon utilization of
alternative energy sources such as ‘‘gasohol”, liquified coal, solar energy, methanol, wind
and tidal power, biomass, and propane for heating oil and vehicles, with special attention
paid to the feasibility, the impact on balance of payments and overall economic desirability;

That the Committee have all of the powers given to Standing Committees by section
(8) of Standing Order 65;

That the Committee have the power to retain the services of expert, professional,
technical and clerical staff as may be deemed necessary;

That the Committee, its sub-committees and Members of the Committee have the
power, when the Committee deems it necessary, to adjourn or travel from place to place
inside and outside Canada and that, when deemed necessary, the required staff accompa-
ny the Committee, sub-committees or Members of the Committee, as the case may be;

That the provisions of sections (4) and (9) of Standing Order 65 be suspended, unless
otherwise agreed to by the said Committee, in application to the said Committee; and

That, notwithstanding the usual practices of this House, if the House is not sitting when
an interim or final report of the Committee is completed, the Committee may make the said
report public before it is laid before the House, but that, in any case the Committee shall
report to the House finally no later than December 19, 1980.

NOTE: This mandate was extended by the House of Commons first to 31 March 1981 and
then to 15 May 1981, at the request of the Committee.
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PREFACE

Chairing the Special Committee of the House of Commons on
Alternative Energy and Oil Substitution has been an exciting and appealing
challenge. The experience of working closely for many months with a small and
dedicated group of Members of Parliament, supported by a competent profession-
al staff, was particularly satisfying. Our mandate was one of the most complex and
technical ever given a Committee of the House and it demanded months of intense
study by the Members before they could state their conclusions and
recommendations.

Our work we hope demonstrates that a group of Parliamentarians
with various backgrounds, representing three political parties and possessing
different degrees of knowledge about energy, is able to prepare a report which is
comprehensive, credible and understandable to the Canadian public.

During the public hearings held in Ottawa and in each Province and
Territory, Committee members had an opportunity to hear testimony from private
citizens, interested groups, professional people, officials from corporations large
and small, and government representatives. Furthermore, officials in a number of
foreign countries welcomed our inquiries and opened their doors to us. We could
not have completed our study without the cooperation and time freely given by all
these people and we sincerely thank everyone who contributed to the Commit-
tee’s learning process. We hope that this Report justifies the efforts they made on
our behalf.

The Committee had to cope with an avalanche of material and it has
been an immense task to weigh the opinions and to consider the information
contained in these documents. Similarly, we found it difficult to present our
findings concisely. This Report reviews the present energy system in Canada and,
by means of its recommendations, suggests ways that alternative sources of
energy and conservation should be promoted. We hope that our conciusions will
convince Canadians that, while our country does not yet face a true energy crisis,
there is an urgent need to find appropriate substitutes for oil and to move
Canada’s energy system towards one based upon sustainable energy sources.

Canada has the resources to be a leader in the global energy
transition. In this century we have the opportunity not only to secure our own
energy future, but also to export new energy technologies we develop along the
way. We appreciate that this transformation of our energy system will not be easily
achieved, and our recommendations reflect the magnitude of the effort required.
We are however optimistic that with a concerted effort, and an enthusiastic and
sustained commitment, the task can be accomplished.

Thomas H. Lefebvre, M.P.
Chairman






ORGANIZATION OF THE STUDY

The Committee was established on 23 May 1980 and we recognized at the beginning
of the investigation that our order of reference required some interpretation. We decided
that alternative energy would refer to those energy sources, energy technologies and fuels
(energy currencies or carriers) not presently exploited in Canada to any significant degree.
Coal liquefaction, for example, is a commercial enterprise in South Africa but it is not a
technology developed in this country and thus represented a legitimate area for study.
Initially the following subjects were selected for consideration: biomass, coal conversion,
co-generation, district heating, fluidized bed combustion, fuel cells, fusion energy, geother-
mal energy, heat pumps, hydrogen, nonconventionally-powered vehicles, ocean, solar and
wind energy. This list underwent some modification as the study progressed and the
subjects were accorded varying degrees of importance.

The order of reference made no mention of Canada’s conventional energy sources:
crude oil, natural gas, coal, hydro-electricity and nuclear-electricity. Neither did it mention
the subject of energy conservation. It soon became apparent, however, that one cannot
study the potential contribution of alternative energy to Canada’s energy system without
considering the manner in which the conventional mix will evolve. Similarly, one cannot
discuss the evolution of a complex energy system without referring to the impact of
conservation. In other words, although we were not directed to look beyond the area of
alternative energy, we had no choice but to touch upon many elements of Canada’s energy
affairs. The Committee was therefore presented with an immense task and, notwithstanding
the extension of its reporting deadline from 19 December 1980 to 15 May 1981, time has
been the overwhelming constraint on its operation.

In approaching this task the Committee called upon the services of the Library of
Parliament. Eight Research Officers from the Research Branch of the Library, trained in the
fields of science and economics, assisted in the Committee’s investigation. Six of these
people worked with the Committee from the beginning to the end of its mandate.

On 25 June 1980, the Committee opened its first round of public hearings in Ottawa.
Concerned with exploring the range of the mandate, these hearings laid the groundwork for
more detailed investigation. This phase of the Committee’s operation carried through to the
end of July and included 16 public sessions.

In advertisements carried in mid-July in most daily newspapers and in a number of
weeklies across Canada, the Committee next invited public submissions relating to its
mandate. Some 150 individuals and organizations corresponded with the Committee in
response to this advertising, the majority submitting briefs of varying length and complexity.
Following the analysis of these submissions in late August, the Committee held public
hearings across Canada in the month of September. The domestic travel allowed us to hear
representative presentations drawn from the public response to our advertising, to meet
with government officials in every Province and in the Yukon and Northwest Territories, and
to see facilities of interest in various parts of the country. The Committee visited the cities of
Quebec, Montreal, Toronto, Victoria, Vancouver, Edmonton, Regina, Winnipeg, Yellowknife,
Whitehorse, Hay River, St. John's, Halifax, Charlottetown and Fredericton.

In October the Committee turned its attention to the international scene. Dividing into
subcommittees, members and staff visited the United States, Brazil, France, West Ger-
many, Italy, Ireland, Sweden and Iceland. Meeting with government officials and representa-
tives of the private sector and visiting selected energy facilities, we learned much about the
alternative energy programs in those countries.
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Having acquired some perspective on developments abroad, it was time to add depth
to the inquiry and a final round of 28 public hearings was held in Ottawa. Those hearings
pursued more detailed aspects of alternative energy and were completed on 11 December
1980. Thereafter the Committee began preparing its Report to Parliament.

During its study the Committee exercised its authority to retain the services of experts.
Assistance on specific issues was provided by Middleton Associates of Toronto, by the
Economic Council of Canada and by Professor John Holdren of the University of California
at Berkeley. To help convey its ideas and findings to the public, the Committee hired the
graphics firm Les lllustrateurs of Hull, Québec and Rockland, Ontario. And, under the aegis
of the Library of Parliament, the Committee engaged Professor Benoit Jean, of the Institut
national de la recherche scientifique in Varennes, Québec, to provide peer review for the
final Report.

The reader will note that the order of reference directed the Committee to report upon
the ‘‘utilization of alternative energy sources’’. We recognize the point of view which
stresses dealing with the demand side of the energy equation rather than the supply side.
While we agree that the management of energy demand is of at least comparable
importance in Canada, our Report necessarily treats only the subject of alternative energy
supply in detail.

We further recognize that our investigation has not exhausted all avenues of approach
even in the restricted domain of alternative energy. Rather we have laid the subject out in
broad terms, leaving many signposts along the way where we think more detailed work is
desirable (or essential). In so doing, the Report outlines the Committee’s view of the
appropriate evolution of Canada’s energy system.

Our final comment here is a technical one. Energy statistics can be baffling both
because of terminology (not always consistently used) and because Canada has recently
instituted a new system of measurement (Sl or the International System of Units). In the
spirit of “‘going metric”’, we have emphasized the new system in this Report while putting
considerable effort into showing the equivalence between English and Sl units. The problem
of terminology in the energy field is less easily handled. We have selected those definitions
which seemed most appropriate for our purposes and have tried to be consistent in their
application. Terms and concepts are defined.as they arise, and units and conversion factors
are gathered into Appendix A for ease of reference. Monetary values are understood to be
in current Canadian dollars unless otherwise specified.




AFTERTHOUGHTS

In a number of ways the operation of the Special Committee on Alternative Energy and
Oil Substitution has represented a departure from normal Committee operation. This is also
true for the other five Task Forces established at the same time but, to our knowledge, no
Canadian Parliamentary Committee has ever before been given such a technically demand-
ing subject for investigation. This led to an unprecedented commitment of professional
support to a Committee by the Library of Parliament. In another departure, the research
staff was allowed to participate regularly in questioning during public hearings and during
visits to other countries. Upon occasion, the staff also was given the opportunity to
represent the Committee when Members themselves were unavailable. Given the technical
nature of the mandate, the rapport these new developments engendered between Commit-
tee members and staff allowed for a broad and detailed exploration of energy issues.

As elected representatives, Parliamentarians are entrusted with managing the public’s
affairs. This has never been an easy task, but recently it has become even more difficult as
society is faced with increasingly complex and technical issues, not the least of which is
how to deal with energy matters. Thus if Members of Parliament are to handle their
legislative responsibilities effectively, especially with regard to technical matters, some new
approach to help cope with this complexity must be considered.

We have found that the vehicle of a ‘‘Special Committee’” has been an effective means
of developing the expertise of Members in new fields. And to the extent that this style of
committee operation allows Members to educate themselves in specialized areas, it also
serves to expand Parliament’s body of knowledge. This is because a Special Committee
allows a small group of Members to study a subject in more detail than has typically been
possible under the Standing Committee system. We found that a committee membership of
seven was almost ideal for our purposes.

Beyond the fact that seven Members of Parliament have been given a unique
opportunity to develop their thinking on the subject of alternative energy, our Parliamentary
system benefits in another way. The knowledge garnered by the Committee’s research staff
also remains at the service of Parliament since that staff was drawn from the precincts of
the Hill. This facilitates the transmission of new information to other Members.

We regard the establishment and operation of the Special Committees as an important
test by the Government in strengthening the Committee system. We believe that our
experience with a small specialized committee points the way to dealing with many of the
complex issues facing Parliament today and promises to provide Members with more
resources for and confidence in approaching such matters. We recommend that the
Government consider building upon the experience of these Task Forces with a view to
incorporating some features of their operation into the regular Committee system.
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Introduction

n fifty years Canada’s energy system will be radically
different. We foresee a system based upon electrici-
ty and hydrogen as the major energy carriers or curren-
cies, with only minimal and selected use of hydrocar-
bons (crude oil, natural gas and coal) as fuels. Electric
power will be generated in several ways, with the hydro-
gen produced primarily through the electrolysis of water.
Drawing upon the sun’s radiation and to a lesser extent
upon the Earth’s heat flow, our society will be able to
satisfy much of its need for the low-grade thermal
energy used in space and water heating and for industri-
al heat.

Our reasons for believing that Canada’s energy
system should be directed away from hydrocarbons in
the long term are two-fold: first to counter the otherwise
formidable environmental problems we see arising in the
next century, especially if coal becomes a principal
element in our energy supply; and second to preserve
crude oil, natural gas and coal for such non-energy uses
as the production of petrochemicals.

The Committee is troubled by past failures to antici-
pate many of the environmental consequences of
exploiting various forms of energy. We wish to see this
impact considered much more carefully in the future.
Our lack of enthusiasm for coal as a principal supplier of
energy in the next century, for example, arises directly
from such environmental concern. We recognize of
course that no new energy source or technology is
completely environmentally benign but some can be
preferred over others, and environmental impact should
be one of the prime considerations in setting priorities.

We realize that Canada does not have the
resources to pursue all avenues of alternative energy
investigation, and that results can be diluted by attempt-
ing too much. But given the uncertainties inherent in any
course of action, the Committee wishes to see Canada’s
energy options kept as broad as possible. Priorities in
the alternative energy field will have to be assigned on
the best estimates of today, and there are few energy
sources and technologies which we would want to see
totally ignored in this country.

In reviewing energy prospects, we cannot consider
Canada in isolation from developments in other parts of
the world. Global population now exceeds four billion
and is expected to surpass six billion by the year 2000.
It has been observed that anyone with a present life
expectancy of 50 years may live to see a world inhabit-
ed by 10 billion people. Sustaining those numbers and
improving the human condition beyond the abysmal
state characterizing substantial regions of the world
today will require a much expanded use of energy in
developing countries.

Energy conservation (with conservation referring to
both frugal and more efficient use) is a fundamentally
important strategy which should carry forward far into
the future. In fact, the Committee considers that
restraining growth in energy demand will offer the best
return in managing Canada’s energy affairs throughout
the remainder of this century at least. Many of the new
technologies which we consider in this Report promise
significant energy-conserving benefits. In the longer run,
conservation becomes built in to our system and
increasing efficiencies in energy use become more dif-
ficult and costly to achieve. At some point energy supply
reasserts itself as the foremost concern in an expanding
system.

Turning to other energy options, Canada should
exploit biomass (carbon-containing material of plant and
animal origin not including fossil fuels) as rapidly as is
feasible, subject to certain reservations. Forest or cel-
lulosic biomass will assume an important position in
Canada’s changing energy system, especially in the
provision of transportation fuels. Thereafter, although
biomass will continue to be a substantial provider of
energy, we foresee its relative importance declining for
environmental reasons and because of increasing pres-
sure on the Earth’s land base to feed the world’s bur-
geoning population. Thus the Committee views biomass
energy as playing its most significant role over the next
few decades

Geothermal energy, the natural heat of the Earth, is
a more enigmatic player in the energy game. In this
century geothermal energy will have little impact on
Canada’s energy affairs. In the next century, the poten-
tial of this energy form hinges on the success of new
approaches to its exploitation, something which is dif-
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ficult to gauge today. Our conjecture is that geothermal
energy will be a substantial contributor to Canada’s
energy system in the twenty-first century.

Wind energy will be a modest contributor in Cana-
da’s future energy mix. In according it this secondary
importance domestically, we nonetheless see a substan-
tial opportunity for Canada to develop an exportable
wind energy technology. Unless seized upon quickly
though, this opportunity will be lost since other nations
are developing this technology as well.

Beyond saying that electricity should not be gener-
ated through the combustion of fossil fuels, the Commit-
tee is not able to state what methods will be used to
produce the bulk of Canada’s electric power in the next
century. Obviously Canada will continue to develop its
hydraulic resources but, equally clearly, hydro-electricity
can satisfy only a part of future needs. Solar radiation
will be exploited for electric power production but we
see that use coming in specialized applications or set-
tings. (The principal contribution of solar power will
probably be in the supply of low-grade domestic, com-
mercial and industrial heat.) Nuclear power, by means of
the fission process or perhaps ultimately through the
fusion reaction, is capable of providing electricity on an
indefinitely large scale. Exploiting nuclear energy, how-
ever, is one of the more contentious political issues of
today and whether or not Canada utilizes this source in
a major way in the twenty-first century is a question
which goes well beyond that of the adequacy of supply.

Recent discussions on energy matters in the indus-
trialized nations have frequently been concerned with
the relative merits of two policy paths. The hard energy
path is described as a high-energy, nuclear, centralized
and electricity-dependent route; the soft energy path is
presented as a lower-energy, nuclear-free, decentralized
and less electrified route. The Committee regrets this
structuring of the debate into one characterized by only
two choices — a “'soft” or a “*hard’ energy alternative.
It is misleading to the public to suggest that there is only
one obviously correct path for Canada's complex
energy system to follow, or to suggest that our energy
future must be selected on an either/or basis. We do
not debate the fact that the world’'s energy requirements
must ultimately be met from sustainable sources. What
is debatable are which sources will be exploited and to
what extent, the length of time the restructuring of our
energy system will require, and the route by which that
restructuring will be achieved. These are highly com-
plicated matters and their resolution will only be made
more difficult by pursuing the debate in simplistic terms.
Canada’s energy choices will in part be governed by
opportunity and in some cases by necessity. We must
keep in mind too that Canada has a huge investment in
its existing energy system, an investment from which the
country will have to obtain as much return as possible. It

is therefore our conclusion that Canada’s energy system
will be a mix of hard and soft technologies combined
with a blend of centralized and decentralized sources as
far as we can see into the future.

There will nevertheless be a fundamental recasting
of our national energy system, the foundation for which
will be laid over the next two or three decades. During
this transitional phase, natural gas, coal, hydro-electrici-
ty and nuclear-electricity will be exploited on a larger
scale than today, both because of projects presently
under construction and because Canada must empha-
size some of these sources in progressively reducing its
dependence upon petroleum. The increased importance
of natural gas and coal will be transient, however, and
the significance of these commaodities will in turn dimin-
ish in the next century as alternative forms of energy are
brought into wider use.

Society can tolerate the increased use of some
energy commodities over a limited period of time even if
it is not prepared to exploit certain energy forms indefi-
nitely. Canada can, for example, promote a technology
such as fluidized bed combustion to reduce the environ-
mental repercussions of burning coal. But the Commit-
tee is not prepared to recommend that coal be the
central element of a Canadian energy system fifty years
from now. As already indicated, we believe that the
environmental price would become larger than society
should be asked to pay. For parallel reasons we do not
recommend the completely unrestricted use of biomass
as a source of energy in the future. We have concluded
that the environmental implications of such exploitation
are not adequately understood.

It is one thing to say that Canada has a broad range
of energy opportunities and that we should get on with
the job of pursuing them. It is quite another matter to
ascertain whether or not this country actually has the
means and the will to capitalize upon these opportuni-
ties. Canada has not demonstrated that it possesses the
research and development capability to accomplish a
basic restructuring of its energy system. Canadians have
not yet indicated that they are willing to pay the cost of
pursuing new energy options to commercialization, and
Canada'’s resources of professional and skilled manpow-
er are not so extensive that one can be complacent
about our ability to get the job done. In short, the
Committee considers that Canada is not adequately
prepared to accomplish what Canadians are now begin-
ning to agree should be done.

We do not lay the blame for this unreadiness at the
feet of Canada’s scientists and engineers — indeed, the
Committee was frequently impressed with what is being
accomplished with meagre resources. We do fault the
management and sometimes erratic support of R&D in
this country. The energy initiatives put forward in this
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INTRODUCTION

Report add up to a major effort in restructuring our
national energy system — we do not think it can be
accomplished given the way energy R&D is pursued in
Canada today. Canada’s unimpressive record in com-
mercializing the fruits of research is another cause for
concern. Simply calling for more funds for alternative
energy development will not be sufficient.

The Committee has therefore concluded that a new
approach to managing development in the alternative
energy sector is required. We recommend that a Ministry
of State for Alternative Energy and Conservation be
established under the Ministry of Energy, Mines and
Resources. We further recommend that the new alterna-
tive energy corporation, Canertech, report to the pro-
posed Minister of State when it becomes an independ-
ent Crown corporation. To promote the broad
development of hydrogen as an energy currency in

Canada, we recommend that a Canadian Hydrogen
Commission be established, also reporting to the pro-
posed Minister of State.

Canada is not in an energy crisis. The Committee
does, however, feel a strong sense of urgency about
changing energy policy for a number of reasons, not the
least of which is Canada’s vulnerability to external de-
velopments in the petroleum sector (a vulnerability
which could lead to an “oil crisis’’). We further feel a
sense of urgency because Canada is being left behind in
the alternative energy field even though it has a lot to
offer and in some new technologies holds a temporary
advantage. Canada must respond to the alternative
energy challenge more quickly or be placed in the
paradoxical position of having a wealth of energy poten-
tial but a shortage of energy options because of a failure
to capitalize upon that potential.
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Energy and Power

an does not understand what energy is despite the
fact that it is intrinsic to every part of his environ-
ment. We learn in school that energy represents the
ability to do work, that literally nothing can be accom-
plished without the expenditure of energy and that
energy exists in a variety of forms which can be charac-
terized by mathematical formulae. We discover that it
can be described as gravitational potential energy, elas-
tic energy, radiant energy, heat energy and so forth, but
we cannot state what energy actually /s.

While this state of affairs may seem disconcerting, it
does not represent any difficulty in what we are consid-
ering here. The United States could not have put a man
on the moon if accomplishing that feat had meant
understanding the force of gravity. What was required
was a mathematical expression describing the action of
gravity so that the proper flightpath of the Apollo space-
craft could be computed. Since Isaac Newton had
obliged NASA by formulating his law of gravitation
nearly three centuries earlier, that lack of understanding
was not a barrier to success.

So it is with our study. We need only to understand
the behaviour of energy in its various manifestations.
Man has learned, for example, that energy is conserved;
it is neither created nor destroyed in being transformed
from one type to another. Thus, while we speak loosely
of “consuming’ energy, we really mean that we are
exploiting it for some purpose. An important result of
this law of nature — the law of energy conservation —
is that one unit of measurement can therefore be used
to quantify all forms of energy. In the Sl (Systéme
International) scheme of measurement being adopted in
Canada, that unit is the joule. The reader is referred to
Appendix A of this Report for a discussion of units and
conversion factors.

Another fundamental energy relationship concerns
the direction which energy transformations take. Exploit-
ing energy invariably results in changing it to a less
useful form. (This idea of the ‘‘usefulness’” of various
forms of energy is dealt with in a branch of physics
known as thermodynamics — a subject which we need
only touch upon here.) Although the concept is subtle, it

has been well expressed by the American scientist M.K.
Hubbert.

The Equivalence of Energy and Mass

A profound extension to the law of conserva-
tion of energy was provided by Albert Einstein
who showed theoretically that there is an equiva-
lence between energy and mass. This equivalence
was embodied in his famous equation: energy
equals mass multiplied by the square of the veloci-
ty of light (E = mc?). Einstein’s equation is normal-
ly applied in circumstances which are far beyond
man’s everyday range of experience and only
becomes relevant, for example, in examining the
subject of nuclear energy.

We recognize that life on Earth is sustained
by the output of an immense fusion reactor — the
sun. Solar radiation dominates all other forms of
energy delivered into the Earth’s surface environ-
ment and that energy is the product of hydrogen
nuclei fusing within the sun’s core, in a process
which converts mass into energy.

...not only is energy continuously transformed from
one form to another in processes occurring on the
earth, but these transformations occur irreversibly
from a form of higher availability to one of lower
availability. During the process the energy, while not
destroyed, is progressively degraded in terms of its
potential usefulness, and finally ends up as heat at the
lowest environmental temperature. From this state
there is nowhere else for the energy to go except by
low-temperature, long-wavelength thermal radiation
into the still colder regions of outer space. (Hubbert,
1974, p. 8)

Expressing the idea another way, there is no such thing
as a perpetual motion machine because there are
energy losses in any process.

In many situations we are interested in measuring
how fast energy is being or can be delivered, for exam-
ple at a power station. Power refers to the rate at which
energy is being dissipated or converted. Since all types
of energy are measurable in joules, it follows that the
rates of all types of energy transformations are measur-
able in a common unit and the Sl unit of power is the
watt. One watt is defined as the delivery of one joule of
energy per second. A 500 megawatt electrical generat-
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Measuring Energy and Power

In the science of mechanics, energy was
originally defined in terms of work, which is the
product of a force acting through a distance. In Sl
notation, the unit of energy is the joule and is
defined as a force of 1 newton acting through a
distance of 1 metre, or

1 joule = 1 newton-metre.

Other forms of energy such as heat were
originally considered to be independent quantities
and thus independent units of measurement were
defined to quantify them. Now that we know that
the various forms of energy are equivalent, how-
ever, we can use conversion factors to go from
one type of measurement to another. Before the
S| scheme was adopted, the energy content of
such commodities as crude oil, petroleum prod-
ucts, natural gas and coal was normally expressed
in British thermal units (Btu) while quantities of
electrical energy were described in kilowatthours
(kWh). The appropriate energy conversion factors
are

1 Btu = 1,054 joules = 1.054 kilojoules, and

1 kWh = 3,600,000 joules = 3.6 megajoules.

Power is a measure of how fast energy is
being or can be delivered. Thus power equals
energy divided by time. The Sl unit of power is the
watt, which is defined as

1 watt _1joule
1 second

When work is being done at the rate of 1
joule per second, the power involved is 1 watt.
Since all types of energy are measurable in joules,
the rates of all types of energy transformations are
measurable in watts. In the past, power was typi-
cally expressed in Btu per hour, watts or horse-
power, so we require the power conversions

1 Btu per hour = 0.293 watt, and

1 horsepower = 746 watts.
When power is generated at a constant rate,
the amount of energy produced in a given time is
energy = power x time.

In other words, 1 joule = 1 watt-second. To take a
familiar example, we pay our electricity bills on the
basis of the number of kilowatthours of electrical
energy we have used over the billing period. To
calculate the energy represented by one kilowatt-
hour, we multiply power by time, or

1 kWh = 1,000 watts x 3,600 seconds (in one
hour)

= 3,600,000 watt-seconds
= 3.6 megajoules.

ing station is one which is capable of delivering 500
million watts of electrical power.

Since the joule and the watt are small measures of
energy and power, we will be working with multiples of
these units. Five prefixes in the S| scheme cover most of
the quantities used in this Report, as shown in the
following examples.

SI PREFIX SYMBOL  VALUE EXAMPLE

kilo k 102 (thousand) kilovolts (kV)

mega M 108 (million) megatonnes (Mt)

giga G 109 (billion) gigawatthours
(GWh)

tera F 1072 (trillion) terawatts (TW)

peta P 10" (quadrillion)  petajoules (PJ)

If the reader will keep in mind these five multipliers, then
he will understand references to an electrical transmis-
sion line in kilovolts, to Canada’s annual coal production
in megatonnes, to Quebec’s sale of electrical energy to
the United States in gigawatthours, to world electrical
generating capacity in terawatts, and to Canadian
energy demand in petajoules.

Let us now consider the Earth’s natural energy
budget or the manner in which energy flows through our
planet’s surface environment. Since we are looking at
rates of energy flow, we are concerned with measuring
power. And, because the amounts of power involved are
very large, the unit which we will employ is the terawatt
(102 watts or trillions of watts).

Energy inputs to our environment come from three
sources: (1) solar radiation intercepted by the Earth;
(2) tidal energy derived from the combined gravitational
fields of the moon and sun; and (3) geothermal (or
terrestrial) energy reaching the Earth’s surface from its
hot interior. Energy losses from the Earth can be con-
sidered in one of two categories. First, approximately
30% of the incoming solar radiation is directly reflected
by the atmosphere into space as short-wave radiation.
Second, the remaining solar energy, together with the
geothermal and tidal energy, undergoes a sequence of
irreversible degradations in our environment, reaching
an end stage as heat at the lowest local temperature. In
this state it is radiated from the Earth into space as
long-wave thermal radiation.

Figure 2-1 is a generalized representation of the
energy flow through the Earth’s surface environment. As
can be seen from the illustration, solar radiation domi-
nates this flow, being estimated at a power of 174,000 x
102 watts. The terrestrial energy flow is more than three
orders of magnitude smaller at an estimated power of 32
x 10'? watts. Even smaller is the input of tidal energy at
3 x 102 watts. In other words, the relative power inputs
in units of terrawatts are:

solar radiation .5 LN aaDin L 174,000
geothermal power ..............ccccccceceenn. 32
tidal power ... 3
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Figure 2-1: THE EARTH’S ENERGY BUDGET
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Source: After Hubbert, 1974, p. 11.

By a huge margin, the largest source of energy available
to the Earth is sunshine.

The obvious question then is how does this natural
flow compare with society’s energy needs? Accepting
the estimate that the annual global demand for primary
energy now exceeds 300 exajoules (300 x 10 joules),
we can roughly calculate that man is today converting
energy for his own use at an average rate of nearly
10 x 102 watts, or 10 terawatts. Clearly the world is not
running out of energy in any absolute sense. What is in
question s the continuing availability of inexpensive,
easily accessible energy in forms that society finds envi-
ronmentally acceptable and convenient to use.

Man has the following options to derive the energy
required to sustain his society. He can intercept the
energy continuously and inexhaustibly flowing through
his natural environment as outlined in Figure 2-1; he can
continue to draw upon the finite amount of energy
stored in fossil fuels; or he can convert mass into energy
via the processes of nuclear fission and, potentially,
nuclear fusion.

1T

Conduction
32 X 102 watts

TERRESTRIAL ENERGY'
- Nuclear, thermal and
gravitational energy

Turning from nature to the flow of energy in an
industrial society such as Canada’s, we find it necessary
to consider energy at several stages of use. Energy
commodities at the point of production are referred to
as primary energy. Crude oil, raw natural gas, coal,
hydro-electricity and nuclear-electricity are the familiar
primary energy commodities in Canada. Hydro-electrici-
ty and nuclear-electricity are used directly by consum-
ers, as is most of Canada’s natural gas production.
Some primary energy is converted into other forms
before being consumed. Petroleum products, electricity
derived from the combustion of coal, oil or gas, and
coke produced from coal are examples of primary
energy conversions.

Energy delivered to the point of use is typically
referred to as secondary energy or end-use energy.
Since energy is invariably consumed in conversions and
transmission or transportation, the secondary energy
supply in a region or country is necessarily smaller than
the primary energy supply (apart from energy imports,
exports and changes in stocks).
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Some workers carry the accounting a step further
to the level of tertiary energy, the energy which actually
performs useful work at the point of application. For
example, electricity consumed in a home is utilized in
part to provide lighting. The efficiency of a light bulb in
converting electricity into radiant energy (light) is nor-
mally less than 5%. Thus the secondary energy deliv-
ered to the light bulb results in a conversion to useful
work, or tertiary energy, of only a few per cent. In a
contrasting illustration, electricity used in home heating
is almost 100% efficient in the conversion of electrical
to thermal energy; in this application the secondary and
tertiary energy values are nearly equal.

If one wants to account for the actual work accom-
plished in our society from the beginning to the end of
the energy system, then it is necessary to consider
energy consumption at the tertiary level. In this Report,
however, we will only be taking energy demand to the
level of secondary energy, or the point of end use.

A complication arises in the accounting process for
electrical energy. At a modern, thermal-electric generat-
ing station, approximately three units of heat are
required to manufacture one unit of electricity (that is,
the efficiency of energy conversion is 35% or less). At a

hydro-electric station, the energy contained in the falling
water may be converted into electricity with an efficien-
cy in excess of 90%. How then should a country value
electrical energy — by its true energy content (3,600
kilojoules to the kilowatthour), or by the quantity of
thermal energy required to generate it at a thermal-elec-
tric station (approximately 10,500 kilojoules to the kilo-
watthour)? If one adopts the higher energy value for all
electrical generation including hydro, as is EMR’s
custom, then one calculates that hydro-electricity sup-
plies nearly 25% of Canada’s primary energy. Using the
true energy value for electricity, one finds that hydro-
electricity only represents about 11% of primary energy
production.

We have chosen in this Report to value hydro-elec-
tricity by its true energy content. Thus our values for
Canada'’s total energy consumption will be lower than
EMR's figures and hydro-electricity will be accorded a
smaller share of Canada’s primary energy mix. We have
decided to use true energy values, based usually on
Statistics Canada data, because we consider them to
provide a clearer picture of our national energy system.
Such differences in the reporting of energy statistics
point out the need for care in using data from a variety
of sources.
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Canada’s Energy
System Today

An industrialized nation requires energy in various forms — gasoline,
heating oil, diesel fuel, pipeline quality gas and electricity to name some of the
most obvious ones. It also requires thermal energy over a broad range of
temperatures, whether for taking a bath, operating a smelter or generating
electricity. Given this spectrum of requirements or demands for ‘‘end-use energy”’,
energy systems in the developed world have become quite complicated, especially
since World War Il. The complex web of energy sources, conversion devices,
transmission systems, energy carriers or fuels, and energy-consuming devices or
installations may be collectively referred to as the national energy system. Cana-
da’s energy system reaches into the most remote communities in the land and in
the post-war period became such an integral part of our lives that we normally
thought little about it.

But the 1970s were not normal times and we have been forced to
reassess the manner in which our society uses energy. That reassessment has led
to two basic conclusions: the rate of growth in the demand for energy in Canada
must be decreased, and our energy system must ultimately be shifted from one
dominated by fossil fuels to one which runs on sustainable sources of energy.

While it is easy to state that these changes must take place, it is
quite another matter to determine the route by which this will be accomplished.
This Report gives our vision of Canada’s energy path to the future. To see where
that path leads, we begin with where the system stands today.




J__:__,_|' S
= bl o

"'-l-"l _i_ i '-:-

R H‘tﬂ oy
;M-t

N : ---,.-1'-"#

T f‘.-..nn-.u-rn '*:.‘-1 wmrﬂﬂ
ir:é s - Ea RFEL O :‘.""' fy'"ﬂ"\ ll'r :F'FHI"' '*

, el e s gl 4 2 Sty Lo s W
i B -y w'! 1o -1‘@ WG Ve YD G S ﬁ'ﬂﬂ “-H
- " p, 5"@' i |"l | . f "‘II i I\J '| "Elﬂm

' 23

oy e Nk dadly A0 axin - ._.-_.|\-1';H: £ «-.'E-',--.-.

f YE NG SR : .l_»..
) 2 I e TR Y I'L".";ﬁ ,{l""q,_.'qﬂﬁtﬂ :
£ " it - o il Gl PV S
) . o it L e g LY O




Canada’s Energy Use
in a Global Context

Canadians have been called the world’s worst
energy gluttons. While this is not true in a strict
sense, there being several countries which consume
energy even more voraciously than we do on a per
capita basis, Canada is so close to the top that this
distinction is not particularly comforting. Figure 3-1
presents the per capita consumption of commercial
energy in selected countries, based upon United Nations
data.

If Canada’s energy use is measured in terms of
energy consumption per dollar of economic output
(Gross Domestic Product), as is illustrated in Figure 5-5
in the chapter Energy and the Economy, the internation-
al comparison is equally distressing. Most other industri-
alized nations typically require only 60 to 80 % as much
energy to generate each dollar of Gross Domestic Prod-
uct. How did Canada come to be in such an unfavour-
able position and what are the implications of this
situation?

There are numerous factors which contribute to
high energy/GDP ratios. For instance, the more energy-
intensive industries there are forming a country’s eco-
nomic base, the higher the ratio of energy to GDP will
be. In Canada we have many industries which fall into
this category, including aluminum smelting, iron and
steel production, cement manufacturing, petrochemical
production and resource extraction, among others.
Indeed, the energy extraction industries themselves are
substantial energy consumers.

In addition to the industrial makeup of the Canadian
economy, our cold climate and the resultant space
heating load raises energy consumption still higher. The
large distances over which goods must be transported

and people must travel in this country dictate that our
transportation sector will also be a major consumer of
energy.

It could be argued though that many of the factors
contributing to greater energy use in Canada also prevail
in other countries, geographical extent excluded. This
brings us to one of the most important factors governing
Canada’s energy consumption — the past availability of
plentiful, cheap, domestic energy supplies. Canada is
one of the richer countries in the world in terms of
resources and over the years this comparative advan-
tage has been an underlying factor in our social and
industrial development. Consumers, for example, had
little incentive to insulate homes thoroughly because
buying more fuel oil was less expensive in the short run.
In industry the cost of energy was low relative to other
costs such as labour and capital and its efficient use
was not an overriding factor in making decisions on
processing or manufacturing options. It is largely
because of this ready availability of inexpensive energy
that Canadian energy demand has evolved to the state
shown in Figure 3-1.

The dramatic price increases for oil on world mar-
kets in 1973-74 drove home the realization that our own
reserves of conventional and inexpensive oil were being
rapidly depleted. Consequently the magnitude of Cana-
da’s energy demand and the heavy dependence of our
system upon petroleum became sources of concern. In
the future Canada will clearly have to use energy more
efficiently in the manufacturing sector if it is to maintain
a competitive position in world markets. When choosing
energy alternatives to replace oil, therefore, we must be
mindful of the cost of the substitutes so as not to worsen
our competitive position.
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Figure 3-1: 1978 PER CAPITA CONSUMPTION OF COMMERCIAL © ENERGY IN 15 SELECTED COUNTRIES

]

Scale:a = 30 kilograms of oil equivalent

i

Canada
s 6755
a USA,-
3
Ecuador Brazil
g 540

USSR
West Gefmany g 3742
4092
Egypt

315

South Africa

2162 0
72

China
569

World
141

Japan
2602

Australia
4505

189

UNIT: kilograms of oil equivalent per capita

@ Commercial energy refers to energy which enters into trade. Data on non-commercial energy use are scarce and imprecise.

Source: After United Nations, 1980.




THE ENERGY SYSTEM TODAY

In a more general sense, the industrialized world
must also be concerned with its need for energy relative
to the developing world. Figure 3-2 shows very clearly
that the gap in per capita energy demand between
these two parts of global society has widened over the
last two decades. At the same time, oil has risen to a
dominant position in satisfying world requirements for
energy (Figure 3-3). Industrialized nations, with their
diversified energy systems, have better prospects for oil
substitution than do developing countries which, as a
group, depend even more heavily upon petroleum. It is
apparent from this perspective that a much better bal-
ance must be achieved in the global use of energy, both
regionally and by energy source.

The degree to which the distribution of energy
consumption varies across the world’'s population is
clearly indicated in Figure 3-4. The total demand for
primary energy worldwide in 1975 was estimated at 8.2
terawatts, summed over the year (that is, 8.2 TW-years).
The rate of energy consumption in a world then populat-
ed by almost four billion people therefore averaged out

Figure 3-2: PER CAPITA GNP AND DEMAND
FOR ENERGY IN THE DEVELOPED
AND DEVELOPING NATIONS, 1960-
1977

Developed Nations

16000

Energy
(kilograms)

NP
(1976%) 14000

2000
Developing Nations

1960 1965 1970 1975 °

Note: Per capita demand for energy is measured
in kilograms of coal equivalent per person.

Source: Sivard, 1979, p. 11.

Figure 3-3: WORLD PRODUCTION OF PRIMARY
ENERGY, 1950-1977
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to about 2.1 kilowatts per person. As one can see from
Figure 3-4, however, the top 5% of the world’s popula-
tion consumed energy at an average rate of more than
10 kilowatts per person, while the bottom 50% dis-
played an average rate of energy consumption of less
than a kilowatt per capita.

The world’s population is presently estimated to be
growing at a rate of very nearly 2% per year, sufficient
to double it in 35 years. Even allowing for some slacken-
ing in the rate of growth, man’s numbers appear almost

‘certain to be about 50% larger in the year 2000 than

they are today. And most of that expansion will occur in
regions amongst the lowest in per capita energy use
today. Thus the concern with conserving energy in the
developed world is not shared by the majority of the
world’s people. Just to maintain the present per capita
use of energy over the coming 20 years will require
increasing the global supply of energy by more than
50% . There is no conceivable way in which the conser-
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vation of energy in industrialized society can approach
the requirement for new energy supplies in the develop-
ing world just to offset population growth. Consequently,
for most of mankind, the dominant issue in energy
affairs is increasing the supply of energy at an affordable
cost.

To close this brief review of the world energy scene,
we compare twentieth century rates of growth in popula-
tion and energy demand (Figure 3-5). Since 1950 the
world has witnessed an extraordinary phenomenon:
while observers were expressing alarm over man’s bur-
geoning numbers in the post-war period, the demand for
energy was escalating at a rate approaching four times
that of the population. This is indeed a remarkable (but
transient) period in man’s tenure of this planet.

Figure 3-4: GLOBAL DISTRIBUTION OF PRI-
MARY ENERGY CONSUMPTION IN

1975
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Figure 3-5: THE GROWTH IN WORLD POPULA-
TION AND ENERGY DEMAND, 1900-
1977
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Conventional Energy
Resources and Reserves

1. THE RESOURCE/RESERVE SPECTRUM

To understand what is meant by energy availability
in Canada requires an appreciation of the terms
reserves and resources. Consider the following quote
from the 1926 Book of Popular Science which reflected a
widely held view of the time:

...it is apparent that the supply of petroleum will soon
be exhausted, and even now gasoline is becoming
expensive. New and advanced methods of production
may add to our supply somewhat, but unless new oil
fields are discovered, the end of this commodity is not
far off. We must look elsewhere for fuel for automo-
biles. Distillates from vegetable products can be made
that will work well in gas engines and the hope of the
future appears to lie in this direction. (The Book of
Popular Science, Grolier, N.Y., 1926, p. 570)

The authors further predicted that the automobile
was destined to play a diminishing role in American life,
with the horse returning to a well-deserved position of
prominence. The statement contains elements of fact as
true in 1981 as they were in 1926, but the erroneous
conclusion was based on a misinterpretation (or igno-
rance) of the distinction between reserves in the ground
and ultimately recoverable resources.

Any estimate of a country’s natural energy
resources — be they petroleum, forests, or wind
energy — must specify cost criteria and a time frame for
exploitation unless we are speaking of an ultimate
“‘resource base’’, a concept which has little application
in any practical sense. It is apparent, then, that mean-
ingful long-term forecasts of resource availability cannot
be made because the course of technological advance,
politics and economic policy is unpredictable.

Figure 3-6 provides a framework within which any
natural resource can be categorized. Although its useful-
ness is biased towards ‘‘nonrenewables’” such as
petroleum, natural gas, coal and uranium, one can see
how the spectrum of potential hydro-electric generation
sites or biomass energy production schemes, to give
two examples, could be assigned places on an adapta-
tion of the diagram. Looking at natural gas for instance,
it is apparent that all such deposits can be assigned to
one or another quadrant of the figure, with currently-

producing fields belonging to the ‘‘reserves’ quadrant.
Other gas resources are either known and uneconomic,
or undiscovered, whether economic or not.

The missing dimension in the diagram is that of
time. As time progresses, the positions of all deposits
plotted on the graph tend to move towards the “‘extrac-
tion and processing’’ arrow: subeconomic resources
become economic; undiscovered resources are dis-
covered and eventually become economic. Neverthe-
less, the path taken by a specific deposit over time may
be a tortuous one. What factors cause resources to
become reserves or, conversely, cause former reserves
to become subeconomic? The principal reasons are
shifting consumption patterns, the release or formation
of stockpiles, and changing government policies — all
three factors tend to be interrelated.

It is important to bear in mind two constraints upon
the reserve and resource estimates presented here.
First, reserve estimates apply only to present economic
conditions. Second, supply and demand projections,
while useful, are highly speculative beyond the short
term. A third consideration relates to physical limitations
upon the rate of delivery of a resource — the fact that a
reserve is present in large quantity by no means guaran-
tees that it is or will be producible at a rate sufficient to
meet demand. The creation of a new oil sands plant, for
example, can easily require a decade from conception
of the project to the first production of synthetic crude
oil, and limitations on capital and manpower availability
could force a slower rate of development than might
otherwise be desired. Even a producing deposit is sub-
ject to rate-related constraints — crude oil is extractable
from a reservoir at a rate determined by the viscosity of
the oil, the characteristics of the reservoir rocks and well
spacing.

2. HYDROCARBON RESOURCES

Hydrocarbons are organic compounds consisting of
carbon and hydrogen, and these compounds may exist
as gases, liquids or solids. Crude oil, natural gas and
coal are essentially mixtures of hydrocarbons of varying
degrees of complexity and containing varying amounts
of impurities such as sulphur.
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Figure 3-6: THE FLOW OF RESOURCES OVER TIME
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A. LIQUID HYDROCARBONS

For the purpose of this discussion the term liquid
hydrocarbons includes conventional crude oil, synthetic
crude oil and natural gas liquids. Table 3-1 is a compila-
tion of recent estimates of Canadian reserves and
resources of liquid hydrocarbons. Figure 3-7 shows the
evolution in Canada’s reserves position since 1955 for
conventional liquid hydrocarbons (that is, including con-
ventional crude and natural gas liquids). Our reserves of

conventional crude peaked in 1969 at 1,665 million
cubic metres (about 10.5 billion barrels) and have since
been in decline.

Canada’s proven reserves of conventional crude oil
are strongly concentrated in the Province of Alberta. If
these reserves could be produced and delivered to
markets at a rate equal to domestic demand, they would
be sufficient to meet all of Canada'’s petroleum needs for
about eleven years at the current rate of consumption
(about 300,000 cubic metres per day). In fact, this could
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never actually take place as there are physical limita-
tions which dictate a maximum rate of production and
there is no crude oil delivery system in Atlantic Canada.
Other conventional oil resources are estimated to be

Table 3-1: CANADIAN LIQUID HYDROCARBON
RESERVES AND RESOURCES

Volume
(millions of cubic
metres)®

Conventional Proved Reserves
of Crude Oil and Natural Gas

Liquids
British Columbia .................... 2
Alberta.........ccccccoeeeciieiiiienen. 1,101
Saskatchewan ... 119
MaDItODA L. -......ooiteinmisasbmiasnis 6
Eastern Canada ................... 1
Mainland Territories .............. 29
TOTAR L . o S i L 1,288
Unconventional Recoverable
Upgraded Oil Resources®
Lloydminister (heavy oil) ...... 127-365
Cold Lake in situ (oil sands) 2,384-4,767
Athabaska Mining (oil
SANS )L 5o Vo mrtyssins 4,291
Athabaska in situ (oil
SANUS) L. B 6,356-22,247
JOTRL o ars o, e 13,158-31,670
Conventional Oil Resources
Western Canada................... 1,589
Mackenzie-Beaufort .............. 1,096
Eastern Arctic ........................ 604
Eastern Canada (including
offshore areas) ................. 826
Mainland Territories .............. 79
1 1 15\ it sl 4,194

@ 1 cubic metre = 6.29 barrels.

® Range in estimates results from uncertainty regarding
the recovery factor attainable using in situ recovery
technology.

© Includes remaining reserves, discovered resources
and undiscovered potential at the 50% probability
level (1976 estimate).

Source: Canada, Department of Energy, Mines and
Resources, 1980b; and Canadian Petroleum
Association, 1980.

close to four times the level of reserves and are, once
again, strongly concentrated in Western and Arctic
Canada, notwithstanding recent discoveries on the
Grand Banks of Newfoundland.

Canada'’s largest hydrocarbon resource is found in
the heavy oils and tar sands of Western Canada (mostly
Alberta) — a resource sufficient, theoretically, to meet
our requirements at current rates of consumption for
close to 400 years, depending upon how much can be
recovered. It is plain, then, that this country need not run
short of conventional or synthetic oil for a very long time
if political barriers can be overcome and if Canada is
prepared to develop resources and pay the costs —
economic, social and environmental — of that develop-
ment. The Committee is of the opinion, however, that
these costs are untenable and therefore proposes alter-
natives which are described in this Report.

Massive development of the oil sands, sufficient to
sustain a petroleum-oriented energy system in Canada
for decades to come, would entail very high costs
indeed. In 1980 dollars, the estimated cost of the next
tar sands plant has passed $10 billion and the impact on
Alberta’s economy of establishing a series of such
plants in rapid succession could be devastating. Short-
ages in skilled and professional people together with
restrictions in the supply of specialized equipment and
materials would make it very difficult to construct several
plants simultaneously. These facilities also require water
in large volumes (which becomes contaminated with
bitumen and cannot be returned directly to the Athabas-
ca River), and release significant quantities of sulphur
dioxide to the atmosphere in processing the high-sul-
phur bitumen. Some observers have concluded that the
optimal rate of tar sands development would see one
new plant coming into operation every four years. Thus
the Committee views Canada’s oil sands as being an
essential but by no means dominant contributor to
domestic energy supplies in coming decades.

Despite the extensive resources listed in Table 3-1,
it is a matter of record that Canada is not self-sufficient
in petroleum. Problems relating to oil prices, capital
availability and technological innovation as well as politi-
cal decisions and lagging exploration successes have
contributed to a decline in production in recent years
and, as indicated in Figure 3-8, this trend is likely to
continue for some time to come. The lower, shaded area
in the illustration indicates future crude oil producibility
from known reserves (in 1978) of conventional oil and of
synthetic oil from the two operating tar sands plants.
Actual production is not likely to drop into this region
because these reserves are sure to be augmented and
because present conditions suggest that we will contin-
ue to extract crude oil at a rate near Canada’s maximum
productive capacity.
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Figure 3-7: CANADA'S RESERVES OF CONVENTIONAL LIQUID HYDROCARBONS, 1955-1979

12—‘

il TOTAL
CONVENTIONAL LIQUID
-4 HYDROCARBONS

BILLIONS OF BARRELS

0

55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
YEAR-END

GAS LIQUIDS

MILLIONS OF CUBIC METRES

Note: The break in the curve between 1962 and 1963 reflects a change in methodology of estimating reserves by the CPA.

Source: After Canadian Petroleum Association, 1980.

The 1978 National Energy Board demand forecasts
for petroleum products have also been illustrated in
Figure 3-8. The Board is updating its 1978 forecasts of
oil supply and demand but those results were not avail-
able at the time of preparation of this Report. Forecasts
prepared since 1978 by EMR suggest that future
Canadian demand will fall below the 1978 NEB base
case, and that domestic supply will actually lie between
the NEB base and high forecasts. If the EMR projections
prove nearer the mark, then Canada’s petroleum short-
fall over the 1980s will be less than that suggested in the
1978 NEB report.

The role that price plays in influencing reserves is
reflected in Figure 3-9, which illustrates Canada’s suc-
cess in adding to its reserves of conventional crude oil

since 1963. Gross additions to reserves in any year
minus crude oil production in that year equal net addi-
tions to reserves. Since 1969, net additions to reserves
have been negative — that is, Canada’s reserves of
conventional crude oil have fallen throughout the period.
This decline was sharpest in 1973-1974 when reserves
fell at the rate of about 0.5 billion barrels per year. With
rising oil prices, however, drilling was encouraged and
more producing wells were brought in. Drilling activity
reached its highest level ever in Canada in 1980 and
gross reserve additions very nearly offset domestic pro-
duction. Nonetheless, the Western Canada Sedimentary
Basin is a mature oil-producing region and Canada must
look to its frontier regions or to the oil sands for major
production increases in the future.
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Frequently Used Terms in the Petroleum Industry

The petroleum industry uses a specialized
vocabulary and we have drawn together here
some of the more commonly used terms. These
definitions are not always consistent from source
to source and in some instances have changed
with time.

FOSSIL FUEL—Combustible geologic deposits of
carbon in organic form and of biological origin.
These deposits include crude oil, natural gas, oil
shales, oil sands and coal.

PETROLEUM—Often defined as naturally-occur-
ring liquid hydrocarbons. Sometimes the defini-
tion is extended to include refined products in
the liquid state; occasionally it is used to further
encompass natural gas, bitumen and kerogen
(a solid hydrocarbon found in oil shale).

(CONVENTIONAL) CRUDE OIL—A mixture
mainly of pentanes and heavier hydrocarbons
recoverable at a well from an underground
reservoir, and which is liquid at the conditions
under which its volume is measured or
estimated.

SYNTHETIC CRUDE OIL—A mixture mainly of
pentanes and heavier hydrocarbons that is
derived from crude bitumen and which is liquid
at the conditions under which its volume is
measured or estimated. The output from the
Athabasca oil sands comprises synthetic crude
oil production in Canada today.

CONDENSATE—A mixture mainly of pentanes
and heavier hydrocarbons recoverable at a well
from an underground reservoir, and which is
gaseous in its virgin reservoir state but is liquid
at the conditions under which its volume is
measured or estimated. Condensate is often
understood to be included in *‘crude oil’’ and we
follow that usage in this Report.

PENTANES PLUS—A mixture mainly of pen-
tanes and heavier hydrocarbons which is
obtained from the processing of raw gas, con-
densate or crude oil.

As used in this Report, the term OIL includes
conventional and synthetic crude, condensate and
pentanes plus. If we wish to exclude synthetic
crude from this grouping, we denote the remaining
three as CONVENTIONAL OIL.

CRUDE BITUMEN—A naturally-occurring mix-
ture, mainly of hydrocarbons heavier than pen-
tane, that in its natural highly-viscous state is
not recoverable at a commercial rate through a
well.

TAR SANDS—Sands impregnated with a heavy
crude oil, tar-like in consistency, that is too
viscous to permit recovery by natural flowage
into wells.

HEAVY OIL DEPOSITS—OiIl deposits transitional
in character between the heavier tar sand type
of bitumen deposit and conventional crude oil.
The crude is highly viscous and either does not
flow or flows at very low rates under normal
conditions.

Tar sands and heavy oil deposits are usually joint-
ly referred to as OIL SANDS, a terminology which
we follow.

NATURAL GAS LIQUIDS (NGL)—A product
intermediate between natural gas and crude oil,
and which constitutes a family of hydrocarbons
extracted as liquids during the production of
natural gas. NGL includes ethane, propane,
butanes or pentanes plus, or a combination
thereof.

LIQUEFIED PETROLEUM GASES (LPG)—A sub-
group of the natural gas liquids, consisting prin-
cipally of a mixture of propane and butanes,
which are gaseous at atmospheric pressure but
liquid at slightly higher pressures. These are
familiar as “‘bottled gas”'.

The commodities mentioned thus far —
crude oil, synthetic crude oil, condensate, pen-
tanes plus, propane, butanes and ethane — com-
prise the LIQUID HYDROCARBONS.

ASSOCIATED GAS—Gas in a free state in a
reservoir and found in association with crude oil,
under initial reservoir conditions.

NON-ASSOCIATED GAS—Gas in a free state in
a reservoir but not found in association with
crude oil, under initial reservoir conditions.

SOLUTION GAS—Gas that is dissolved in crude
oil under reservoir conditions and which evolves
as a result of pressure and temperature
changes.

RAW GAS—Natural gas in its natural state, exist-
ing in a field or as produced from a field and
prior to processing.

MARKETABLE NATURAL GAS—Raw gas from
which certain compounds have been removed
or partially removed by processing. Marketable
gas is often referred to as ‘“pipeline gas’ or
“sales gas'’, and is primarily composed of
methane.
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Figure 3-8: RANGE OF OIL PRODUCIBILITY AND DEMAND FORECASTS, 1978 NATIONAL ENERGY

BOARD REPORT
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The lower, shaded area of the graph represents reasonably assured future production from known conventional
reserves and from the two operating plants in the tar sands. The upper supply curves are producibility forecasts
based on optimistic, base case and pessimistic assumptions for future additions to conventional reserves and to
nonconventional production capacity. Similarly, the demand curves represent high, low and base case

projections.

Source: After Canada, National Energy Board, 1978.

B. NATURAL GAS

As shown in Table 3-2, Canada’s natural gas
reserves and resources are extensive. Figure 3-10, which
displays Canada’s reserves of marketable natural gas
since 1955, indicates an almost continual expansion in
our reserves position. As is the case with crude oil, the
resource is strongly concentrated in Western Canada,
particularly in the Province of Alberta. If all known
natural gas reserves in Canada could be produced and
delivered to the Canadian market at a rate sufficient to
meet domestic requirements, the supply would last for
some fifty years at current rates of consumption (about
45 bilion cubic metres per year), and additional
resources could add about 180 years to this total. Of
course, such numbers must be used cautiously, bearing

in mind that Canada will continue to export gas; that
new domestic markets will be established in Quebec and
the Maritime Provinces; and that new reserves will be
discovered. Nevertheless, it is apparent that in the con-
text of Canadian energy demand, the national resource
base for natural gas is substantial indeed.

Canada is in a position to make a major substitution
of natural gas for crude oil in meeting its domestic
energy requirements and in backing imported crude out
of the Eastern Canadian market. Extending the distribu-
tion system for natural gas into Eastern Quebec and the
Maritimes in Eastern Canada and onto Vancouver Island
in Western Canada are matters of high priority. Only
after sufficient reserves have been set aside to supply a
truly national distribution system should gas be alloca-
ted to the export market.
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Figure 3-9: GROSS AND NET ADDITIONS TO CANADA’'S CONVENTIONAL CRUDE OIL RESERVES,

1963-1979
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Figure 3-10: CANADA’'S RESERVES OF MARKETABLE NATURAL GAS, 1955-1979
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Table 3-2. CANADIAN NATURAL GAS
RESERVES AND RESOURCES

Volume
(billions of
cubic metres)@

Known Natural Gas Reserves

British Columbia .t ... .00 iooresiness 187.0
7o{ nzi 7 Rt SR | A N 1,640.2
Saskatchewan ..............cccccoeeene. 22.7
EasternCanada ................cccooeeo... 8.5
Mackenzie Delta-Beaufort Sea ... 260.6
Mainland Territories....................... 8.5

O AL TN 8 N e s 2. 127.5

Natural Gas Resources®

WesternCanada ......................... 2,748
Eastern Canada Mainland and

Offshore ..ot bt an ity 1,235
Mackenzie Delta-Beaufort Sea ... 1,700
Eastertl AFCHC ........covimibortimmn os 1,445
Mainland Territories....................... 275

TOTAL e 5 e SN 7,403

@ 1 cubic metre = 35.3 cubic feet.

®) |ncludes remaining reserves, discovered resources
and undiscovered potential at the 50% probability
level (1976 estimate).

Source: Canada, Department of Energy, Mines and
Resources, 1980b.

C. COAL

Coals are solid hydrocarbons which have formed
through the action of heat and pressure on buried
vegetative material over geological time. They are classi-
fied by rank which is determined by the degree of
alteration of the original organic material. The four
classes of coal, in decreasing order of rank, are anthra-
cite, bituminous, subbituminous and lignite. In general,
decreasing rank is characterized by lower carbon con-
tent, lower heat value and increasing softness.

Coal quality refers to those characteristics which
affect the potential use of a coal. Quality is determined
primarily by the nature and amount of organic material,
noncombustible (mineral) material and moisture. These
characteristics govern the use to which the coal can be
put, whether for power generation, metallurgical coke or
chemical feedstock.

Canada is fortunate to possess abundant coal
resources of all ranks except for anthracite. Economical-
ly significant deposits occur in every province except
Newfoundland, Prince Edward Island and Quebec, and
are heavily concentrated in Alberta and British
Columbia. Table 3-3 shows the most recent estimate of
total coal resources in Canada.

Table 3-3: ESTIMATES OF COAL RESOURCES
AND RESERVES IN CANADA, 1978

Unit: Millions of metric tons.

Resources of

Immediate
Interest®
(1977 Mineable Resources of
Coal Rank Coal)® Future Interest
lignitic 17,209 (3,207) 27,586
sub-
bituminous 132,000 (7,328) 198,000
bituminous 98,787 (5,556) ©

@ |Includes mineable coal.

® Mineable coal is that part of the measured and
indicated resources of immediate interest within a
coal deposit that can be considered for mining using
current technology, and applying broad economic
judgement only to the mining method.

© Not determined.

Source: After Bielenstein et al, 1979, p. 15, 23.

These resources include those of “‘immediate inter-
est”” and discovered resources of ‘“‘future interest”. That
portion of the coal resource which can be considered
“mineable’” — that is, the coal reserve in Canada — is
shown in the table in brackets. Not all of this “mineable
coal” can be recovered, however. Generally, only about
65-85% of the coal is actually recovered in underground
mining operations, with somewhat more being recover-
able in strip-mining situations. Canadian coal resources
are sufficient to meet domestic Canadian demand for
centuries, even allowing for reasonable increases in
production.

In 1979 Canada had thirteen principal operators
producing coal from 21 coal mines. Between them they
produced an estimated 33.2 million tonnes of coal,
mostly bituminous grades. Table 3-4 shows that coal
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production in Canada has more than doubled since
1970, with the level of coal exports increasing to roughly
match imports (thermal and metallurgical coal has tradi-
tionally been imported into Ontario from the Eastern
United States).

Table 3-4: COAL PRODUCTION, IMPORTS,
EXPORTS AND CONSUMPTION IN
CANADA, 1968-1978

Unit: Millions of metric tons.

Domestic
Production Imports Exports Consumption

10.0 16.5 1.3 24.8

9.7 15.7 12 24.0
15.1 7.1 4.0 26.8
16.7 16.5 7.0 25.6
18.8 17.5 7.7 25.8
20.5 14.8 10.9 24.9
21.3 12.4 10.8 24.8
25.3 156.3 L 26.1
25.5 14.6 11.8 28.2
28.7 15.4 12.4 30.9
30.5 14.1 14.0 31.7

Source: After Aylesworth and Weyland, 1980, p. 2.

Table 3-5: INSTALLED ELECTRICAL GENERAT-
ING CAPACITY IN CANADA, 1920-
1979
Unit: Electrical megawatts.

Conven-
tional
Year Thermal Nuclear Hydro Total

300 — 1,700 2,000
400 — 4,300 4,700
500 — 6,200 6,700
900 — 8,900 9,800

2,100 - 12,600 14,700

4,392 — 18,657 23,049

7,557 20 21,771 29,348

14,287 240 28,298 42,825
21,404 2,666 37,282 61,352
27,216 5866 43,990 77,072

Source: Canada, Department of Energy, Mines and
Resources, 1980a, p.70.

3. HYDRAULIC RESOURCES

Installed hydro-electric generating capacity in
Canada has increased dramatically as the 20th century
has progressed, although the proportion of total gener-
ating capacity represented by hydraulic sources has
dropped steadily from a high of over 90 % in the 1940s
and 50s to a low of 57% in 1979. Canada’s installed
generating capacity by type since 1920 is given in Table
3-5. Although hydro-electric generating capacity is fore-
cast to increase by more than 15,000 MW by 1991, it
nevertheless will remain at about the same proportion of
the total electrical energy mix in the early 1990s.

Canada is blessed with abundant hydro resources
by comparison with almost any other country. Neverthe-
less, the great majority of undeveloped generating sites
are uneconomic at present; many of these are small or
low-head. The question of how many of these sites
eventually become economically exploitable and at what
rate they are developed depends upon a number of
imponderables, among which are technological
advances in hydraulic power generation, the changing
economics of electricity in the national energy mix, and
technical and political changes relating to nuclear fis-
sion. A further constraint lies in the environmental
impact of extensive hydro development. The impact of

Table 3-6: CANADA’S HYDRO-ELECTRIC
POWER POTENTIAL IN 1980

Unit: Electrical megawatts.

Undeveloped Power Potential

Remain- Economi-

Remain- ing cally
Actual ing Techni- & Techni-
Operation Theore-  cally cally
and under tical Develop- Develop-
Construc- Hydro able able

tion Potential Potential Potential

Nfld. & Lab.. 6,535 7,000 6,272 - 4,776
360 160 100 50
900 620 556 460
25,750 42,160 30,750 18,838
7,138 7,770, 6,162 2,072
4,796 7,023 4,945 4,945
567 2,395 1,711, 1,161
718 18,800 11,440 4,357

12,134 29,400 25,827 17,575

68 11,000 10,440 5,043
47 14,900 6,000 4,163

59,013 141,228 104,193 63,440

Notes: @ Projects in the planning stage are included in
remaining undeveloped potential.

() Remaining economically and technically
developable potentials are installable capaci-
ty in megawatts.

© Pumped storage and tidal power are not
included.

Source: Canada, Department of Energy, Mines
and Resources, 1980c.
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the construction of many new hydro schemes upon
inland fisheries, recreational and other land use and
local climate will require careful study in the years to
come.

Current estimates suggest that a further 104,000
megawatts of hydraulic power is technically feasible to
develop, more than double the capacity exploited today.
Of this amount, perhaps 63,000 megawatts is economi-
cally developable. The present distribution of existing
and potential hydro-electric power development in
Canada is summarized in Table 3-6. It is apparent that
the ultimate potential of this energy source is quite
limited by comparison to many other energy forms, and
that Canada’s hydraulic resources will have been largely
exploited by the middle of the 21st century.

4. URANIUM RESOURCES

Canada has extensive uranium resources. Uranium
mining is underway in Ontario and Saskatchewan, and
significant additional deposits are known in these Prov-
inces and in Newfoundland, New Brunswick, Quebec,
British Columbia and the Northwest and Yukon Territo-
ries. Table 3-7 gives the most recent published estimate

Table 3-7: CANADA'S MINEABLE URANIUM
RESOURCES IN 1979

Unit: Thousands of metric tons of ele-
mental uranium.

Uranium Contained in
Mineable Ore®

Mineable at Meas- Indi-
Uranium Prices of ured cated Inferred

Up to $130/kg of

Uranium® ... 73 157 238

$130 to $200/kg of

Uranium® ... 4 25 90
TN T 77 182 328

@ The uranium recoverable from the ore will be some-
what less because of milling losses.

®) The dollar figures refer to the market price of a
quantity of uranium concentrate containing 1 kilo-
gram of elemental uranium.

Source: Canada, Department of Energy, Mines and
Resources, 1980g, p. 5.

of Canada’s mineable uranium resources. Discoveries
since 1979 have added significantly to these totals and
rising prices will result in the conversion of more uranium
resources to reserves. Figure 3-11 shows that Canada’s
uranium production capability far exceeds forecast
domestic requirements, explaining our major export
position in this energy commodity.

Figure 3-11: PROJECTED CANADIAN URANIUM
PRODUCTION CAPABILITY COM-
PARED WITH ESTIMATED

ANNUAL URANIUM REQUIRE-
MENTS
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Source: Canada, Department of Energy, Mines and Resources,
1980g, p. 13.
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Energy Flows

1. ENERGY SUPPLY, DEMAND AND TRADE

Canada’s energy system has undergone rapid
expansion since World War Il and in the process we
have progressed from being a net importer to a net
exporter of energy. The production of primary energy
increased rapidly until 1973, a year in which we sold to
the United States the equivalent of over 60% of our
petroleum production, 40% of our marketable natural
gas output, and 6.4 % of our net electrical generation. In
fact, Canada exported more than one-third of its total
energy production to the United States in 1973 and was
a larger supplier of oil to the U.S. than was the Middle
East. Thereafter, the production of primary energy in
Canada fell until 1977. The principal cause of this

in Canada

decline was a reduction in crude oil output as Canada
pursued a policy of phasing out the export of light
crudes. Most recently, an upturn in Western Canadian
conventional crude production (which is transitory) has
helped to boost Canada’s production of primary energy.

Canada became a net exporter of energy in the
latter 1960s and today exports of energy in the form of
natural gas and electricity exceed imports of energy in
the form of oil and coal. This trade position has been
very much to Canada’s advantage as Figure 3-12 indi-
cates. Canada has shown a net income from its energy
trade in every year since the late 1960s and in 1979 that
income amounted to nearly $4 billion. With imports of
crude oil expected to grow until at least the mid-1980s,
however, one can anticipate that this surplus will shrink.

Figure 3-12: CANADA'’S DOLLAR TRADE IN ENERGY COMMODITIES, 1970-1979
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Figure 3-13: CANADA’'S PRODUCTION AND CONSUMPTION OF PETROLEUM, 1955-1979
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The trends in Canada's domestic supply and
demand of oil and gas are displayed in Figures 3-13 and
3-14. The first illustration shows liquid hydrocarbon pro-
duction (crude oil and gas liquids) plotted against Cana-
da’s apparent consumption of crude oil and products. In
the early 1970s we were net exporters of oil, with sales
to the United States peaking in 1973. After a modest
upturn in production in 1979, domestic oil output slipped
in 1980 and Canada faces a widening gap between
supply and demand as the 1980s progress.

In contrast, Figure 3-14 shows how Canada’s
output of natural gas has outpaced domestic demand,
sustaining our substantial sales of gas in the U.S.
market. This excess productive capacity in natural gas
has been the principal factor behind Canada’s positive
trade balance in energy commodities throughout the
1970s.

2. THE CONVENTIONAL ENERGY MIX

As well as appreciating the growth in Canada’s
energy system, it is also important to follow the evolution

72 73 74 .75 76 ‘7T 78,79

in the energy mix — the relative contributions that have
been made by each primary energy form. That evolution
is depicted in Figure 3-15 which shows the contributors
to Canada'’s primary energy supply since 1871.

First fuel wood and then.coal dominated our energy
system. Crude oil and natural gas have risen in tandem
since World War Il to displace coal, with oil established
as our most important energy commodity over the last
quarter-century.

In a time span of less than two decades, during the
1940s and 1950s, oil's share in Canada's energy mix
expanded from approximately 20% to more than 50 %.
That share was subsequently maintained for 15 years
but now has begun to contract. We expect oil to contin-
ue to lose ground to the other major components of
Figure 3-15, namely natural gas, primary electricity and
coal.

While Figure 3-15 suggests that substantial
changes can be brought about in an energy system
rather quickly, that interpretation is not entirely correct.
Oil penetrated Canada’s energy mix at a time when our
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Figure 3-14: CANADA’S PRODUCTION AND CONSUMPTION OF NATURAL GAS, 1955-1979
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Source: After Canadian Petroleum Association, 1980.

energy system was much smaller and less complex.
Today, the inertia to change is far greater because the
system is large and entrenched. Oil also found ready
acceptance because it possessed obvious advantages
over other energy forms. Now we are being forced to
consider some options which are not as appealing. One
can safely predict that it will prove much more difficult to
get off oil than it was to get on it.

3. ENERGY LIFELINES

Energy moves across Canada in an extensive
system of pipelines and transmission lines, supplement-
ed in places by truck, rail, water and air transport. These
energy distribution systems are so fundamental to the
economy and so important to the well-being of Canadi-
ans that they may be thought of as energy “‘lifelines’.
We tend to appreciate their significance, however, only
when they are disrupted. None of these systems is truly
nationwide in extent, and lack of service by pipelines or

the electrical grid to a region may represent both a
problem in conventional energy supply and an opportu-
nity for the penetration of alternative energy forms.

Hydro-electricity and nuclear-electricity together
satisfy about 13% of Canada’s primary energy require-
ments. Hydro and nuclear generating stations com-
prised 65% of Canada’s installed electrical generating
capacity at the end of 1979, with the remaining capacity
made up of coal-, oil- and gas-fired stations. The use of
electricity is spread over all sectors of the economy and
most populated regions of the country. Such widespread
use has been made possible by the construction of a
complex transmission system.

Over 90% of the electricity used in Canada is
generated and distributed by provincially-owned public
utilities. In many locations interprovincial transmission
lines have been built to service areas of adjacent prov-
inces and to spread the benefits of reliability inherent in
larger electrical systems. In all there are twenty-two

MILLIONS OF CUBIC METRES PER DAY
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Figure 3-15: THE PRIMARY ENERGY MIX IN CANADA SINCE 1871
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separate provincial interconnections in excess of 100
kV, with two more proposed or under construction.
Canada’s main transmission lines are illustrated in Figure
3-16.

In addition to the interprovincial links, there are
more than 100 transmission lines between Canada and
the United States, which provide over 8,000 megawatts
in power transfer capability. About one-half of the inter-
national transfer lines connect Ontario to utilities in New
York and Michigan. The remainder of the lines link New
Brunswick with Maine, Quebec with New York and Ver-
mont, Manitoba with North Dakota and Minnesota, and
British Columbia with Washington. Several new high
voltage lines (from Ontario to New York and from
Manitoba to the North-Central States) are in the plan-
ning, licensing or construction stages. These new lines
will add a further 3,240 megawatts of transfer capability.

At the present time, the largest addition being
made to Canada’'s electrical network is the extensive
system for transmitting power from the James Bay
Project to southern markets. This system involves five
parallel 735 kilovolt AC lines, the first of which was
completed in September 1979. The remaining lines are

1930 1940 1950 1960 1970 1980

due to be finished by October 1984. A single 500 kV AC
line between the Fraser Valley in B.C. and Calgary is the
other major transmission line under construction today.

Canada has an oil pipeline system for moving
domestically-produced oil to refining centres from British
Columbia to Quebec, and for bringing imported oil into
Montreal via the United States. Neither Vancouver Island
nor any of the country east of Montreal is connected to
this distribution network. Figure 3-17 shows existing and
proposed pipelines.

The Trans Mountain Pipeline consists of 1,156 km
of pipeline between Edmonton and Vancouver, with
connections to the Westridge Marine Terminal (in Van-
couver) and to the American border where it joins
pipelines serving four refineries in Washington State.
This pipeline system has a pumping capacity of 410
thousand barrels per day (65,180 m®/d) and a storage
capacity of 4.35 million barrels (692,000 m?).

The major cross-Canada pipeline delivering western
oil to eastern refineries and consumers is the Interprovin-
cial Pipe Line. This system runs 3,700 km across the
Canadian prairies, through the United States south of
Lakes Huron and Michigan to Sarnia, Toronto and Mon-
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treal, with a lateral line to Buffalo. It has a capacity to
pump 1,528 thousand barrels/day (243,000 m®/d) and
for the last few years has been running at or near
capacity. The storage capacity of this large pipeline
system is about 16.25 million barrels (2.6 million m?).

The third pipeline system serving Canadian refiner-
ies is the Portland-Montreal Pipe Line. This 380 km
pipeline has a design capacity of 550 thousand barrels/
day (87,440 m3/d) but since mid-1976 has been operat-
ing very much below this level since Montreal began
receiving roughly 300 thousand barrels/day (47,700
m?3/d) from Western Canada through the Interprovincial
extension.

A system of gas pipelines delivers Western Canadi-
an gas to markets across the country from Vancouver to
Quebec, but the Maritime Provinces and Vancouver
Island have yet to be connected to this distribution
system. The Westcoast Transmission Company serves
British Columbia and western U.S. markets with gas
from British Columbia, Alberta, the Yukon and North-
west Territories. This system delivered a total of 146
billion cubic feet (4.13 billion cubic metres) to British
Columbia markets in 1979. In addition the system is
licensed to export 869 million cubic feet per day (24.59
million cubic metres) to the United States.

In Alberta, the Alberta Gas Trunk Line operates a
total of 10,836 kilometres of pipeline to collect gas from
the many small wells scattered throughout the Province.
This system feeds into the large-diameter system oper-
ated by TransCanada PipeLines Limited. TransCanada’s
pipeline extends from Alberta to Quebec with lateral
lines stretching to the international border at Emerson,
Manitoba; Sault Ste. Marie, Sarnia and Niagara Falls,
Ontario; and Philipsburg, Quebec. The total system
comprises 9,344 km of pipeline and transports an aver-
age of 85 million cubic metres of natural gas daily to
almost two million Canadian customers.

Recently a license was granted to extend the Trans-
Canada system beyond Montreal to Quebec City. In the
National Energy Program the Federal Government
announced its intention to ensure that the system is
extended still further to serve the Maritime Provinces by
1983. The extension will be designed to allow for gas
flow in either direction so that it can be delivered from
the Maritimes should commercial discoveries be made
off the East Coast.

In the future, new pipelines will be required to
connect frontier and offshore gas to markets. To accom-
modate this need several proposals have been put
before the National Energy Board. The ‘‘Dempster Lat-
eral’” would be used to transport Mackenzie Delta gas to
Canadian markets in conjunction with the larger Alaska
Highway Natural Gas Pipeline System, which has
already been given Canadian approval to carry U.S. gas
to American markets.

The Arctic Pilot Project seeks permission to deliver
Arctic gas to southern markets in liquified form, and the
Polar Gas Project is designed to bring both Mackenzie
Delta and Arctic gas to sourthern markets via pipeline.
The recent gas find off Sable Island could be connected
to the mainland by pipeline, but no proposal for such a
line has yet been made. This must await better definition
of the gas reserves available.

Existing and proposed natural gas distribution sys-
tems are illustrated in Figure 3-18. Proposed distribution
systems include those presently in the regulatory
approval process.

4. REGIONAL CONSIDERATIONS

Not yet revealed in our discussion are the regional
energy imbalances which exist in this country. Figure
3-19 brings this situation into focus, displaying the pro-
duction of primary energy in Canada by region against
the net energy demand within that region, for the year
1978. Saskatchewan, for example, had a primary
energy production that year of 517 petajoules and a net
energy demand of 306 petajoules. Even allowing for
conversion losses, Saskatchewan produced from within
its own borders substantially more energy than it
required for its needs (although not necessarily in the
appropriate form). Consequently Saskatchwan was a
region of Canada with surplus energy which could be
sold in other parts of the country and abroad.

Now consider all the regions of Canada represented
in Figure 3-19. Only in the western part of the country—
British Columbia, Alberta and Saskatchewan—does pri-
mary energy production exceed net energy demand.
Alberta dominates as an energy supplier; Ontario and
Quebec as energy consumers. Thus the prevailing flow
of energy in Canada's system is from west to east.
Based upon 1978 data, Alberta alone produced 71% of
Canada’s energy while consuming only 12%. In con-
trast, Ontario accounted for less than 4% of Canada’s
primary energy production but 37% of its net energy
demand. It is not difficult to understand why the two
Provinces have had opposing views on energy pricing.
Neither is it hard to understand why different regions of
the country view opportunities in the alternative energy
field in such varying ways.

Moreover, this regional energy imbalance is greater
than that indicated in the statistics of primary energy
production alone — Western Canada contains two
energy resources, in addition to conventional crude oil
and natural gas, which are presently being exploited at
only a fraction of their potential, namely coal and the oil
sands. This region of Canada will continue to dominate
the supply side of the domestic energy scene for many
years to come.
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Figure 3-19: PRIMARY ENERGY PRODUCTION AND NET ENERGY CONSUMPTION BY REGION IN CANADA
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Notes: @ Data for Newfoundland, New Brunswick, Nova Scotia and Prince Edward Island are aggregated as Atlantic Canada for
reasons of confidentiality in industry reporting. Energy statistics for the Yukon and Northwest Territories are also
aggregated. Otherwise the regional breakdown is by province.

® Primary energy production refers to the energy extracted from a given region of Canada. We refer here to the production of
crude oil (both conventional and synthetic), natural gas, natural gas liquids, coal, hydro-electricity and nuclear-electricity.
Net energy consumption refers to energy actually consumed in a given region of Canada.

Source: After Canada, Statistics Canada, 1980.

The simple statement that Canada still satisfies
about half of its energy requirements with liquid hydro-
carbons (crude oil and natural gas liquids) also hides
some startling regional variations. These variations are
highlighted in Table 3-8 which gives the degree to which
the regions of the country depend upon the various
forms of conventional energy. Looking at Atlantic and
Northern Canada’s overwhelming dependence upon oil,
it is not surprising that these regions of Canada show

some of the strongest interest in alternative energy and
oil substitution.

When one further considers that Canada’s national
distribution systems for crude oil and natural gas do not
yet extend into the Maritimes, concern regarding the
region’s vulnerability to events abroad in the oil sector is
quite understandable. With the potential to exploit alter-
native energy forms also varying substantially from
region to region, it is clear that an alternative energy
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Table 3-8: PERCENTAGE CONTRIBUTIONS OF THE VARIOUS ENERGY FORMS TO NET DOMESTIC
ENERGY CONSUMPTION IN CANADA BY REGION DURING 1978

Crude Oil,

Products Coal and Coal

and LPG Natural Gas Electricity'@ Products
Atlantic Canada ................ 81.1% 0.0% 15.0% 3.9%
QUEDEC ..o 68.1 6.1 24.4 1.4
Ontario....... 50.6 27.4 14.6 75
Manitoba.............. 50.3 29.7 18.1 1.9
Saskatchewan ........ 50.5 38.6 10.3 0.6
Alberta..................... 40.5 50.8 8.3 0.3
British Columbia .. 55.0 23.7 20.6 0.6
Yukon & NWT.. ... 84.3 1.8 13.9 0.0
CANADA..........ocooo. 56.5% 23.1% 16.8% 3.6%®

@ Includes hydro-electricity, nuclear-electricity and electricity generated from burning fossil fuels (with coal accounting for
roughly two-thirds of non-nuclear thermal-electric generation in Canada).

(®) This low value for coal’s contribution at the level of net domestic consumption reflects the fact that about two-thirds of
Canada'’s coal requirement is for thermal-electric generation.

Source: Canada, Statistics Canada, 1980.

strategy will have to be more highly tailored to various
parts of the country than has been our conventional
energy policy. It also follows that the needs of such
areas as Atlantic and Northern Canada have a more
pressing claim on our attention.

5. ALTERNATIVE ENERGY USE IN CANADA TODAY

There are only two renewable energy sources in use
in Canada today in sufficient quantity to appear in
national energy use statistics. The first is hydro-electrici-
ty, which accounts for a little more than 10% of Cana-
da’s primary energy needs. We have not dealt with
conventional hydro-electricity in any detail since it is
already in widespread use today and therefore lies
beyond our terms of reference. It is mentioned here,
however, to remind the reader that Canadians already
derive a significant part of their energy supply from this
renewable source. The second form of renewable
energy which is widely used today is biomass. The direct
combustion of wood wastes such as bark and sawdust
for process heat and steam in the forest industry
accounts for over 3% of Canada’s primary energy con-
sumption. It has been suggested that this figure could
double over the next few years simply by making
increased use of waste wood within the forest products
industry.

It is estimated that there are now approximately
100,000 wood stoves being purchased and installed
annually in Canada, although the total number of wood
stoves is not known with any accuracy. Many consum-
ers heat their homes with wood cut from small, individu-

ally-owned woodlots and, as no commercial transaction
takes place in obtaining this fuel, it is difficult to collect
accurate statistics on the use of wood for home heating.
The firewood that is sold commercially does not give a
good indication of the contribution wood does make
because much of it is burned in fireplaces for aesthetic
reasons, contributing little to home heating. An EMR
estimate of the total use of biomass in Canada in 1980,
taking note of the difficulties outlined above, was 3.5%,
and the Department believes that biomass could con-
tribute as much as 10% of Canada's primary energy
supply by the turn of the century.

There is a third form of renewable energy which is
being used more by luck than by design in this country,
and that is passive solar heating. South-facing windows
collect solar radiation and the energy trapped in this
fashion contributes to a building’s daytime heat require-
ments. Anyone sitting near a large, south-facing window
on a clear winter day will be familiar with this phenome-
non. Of course, at night the same window is responsible
for a certain amount of heat loss. In terms of net
contribution however, it is estimated that 1.5% of Cana-
da's primary energy consumption in 1980 was in the
form of passive solar heat. As is the case with domestic
use of wood this is only a rough estimate, there being no
simple way of obtaining precise data.

In total then, renewable energy sources supplied
something more than 15% of Canada'’s primary energy
needs in 1980, if one includes hydro-electricity. The
contribution from biomass and solar alone totalled per-
haps 5%.
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An Evolution

in Energy Outlook

he 1973 EMR Report, An Energy Policy for Canada,

noted that energy policies were ‘‘complex, diverse

and incapable of simple formulation.” These policies

have also been highly changeable, making a brief detail-

ing of their history difficult. Nonetheless such a descrip-

tion is presented here, in an attempt to put the Commit-
tee’s study into an historical context.

Generally speaking, energy policy is formulated to
meet a number of broad national aspirations. These
objectives, as perceived in 1973 before the OPEC price
increases, were related totally to energy supply con-
siderations and can be stated as follows: ensuring ade-
quate supplies of energy at competitive prices; safe-
guarding national security; encouraging energy resource
development; exporting surplus energy supplies under
terms that benefit the nation; acquiring energy supplies
from abroad when they are more economic than domes-
tic sources; and, in general, aligning energy policy
objectives with other national goals such as Canadian
control of its energy industries and protection of the
environment.

The 1973 review was optimistic and the general
philosophy behind it maintained that energy use and
economic growth were closely linked — the fact that
Canada’s demand for energy would consequently con-
tinue to increase was accepted as an inescapable
consequence of our continued prosperity. Furthermore,
the potential of the oil sands and frontier oil and gas
indicated we could indeed have abundant, reasonably-
priced energy to maintain a high rate of economic
growth.

In 1976 the report An Energy Strategy for Canada
showed a marked change in EMR’s philosophy. This
report was written during what was described as an
energy crisis and is thus imbued with a pessimism which
was not evident in 1973. Our proven reserves of oil and
low-cost gas had begun to decline while demand con-
tinued to increase. Our exports of oil were declining but
imports were increasing and Canada was faced with
rising import compensation payments. Drilling results in
Canada's frontier regions were disappointing and
extracting oil from the tar sands was proving to be more
expensive than previously anticipated. In light of such

difficulties, the Government began to look seriously at
the need to reduce the rate at which our demand for
energy was growing. At the same time, policies were
being sought to reduce our dependence on imported oil
by switching to other energy forms available domestical-
ly in significant quantities. The expression ‘‘energy self-
reliance’ was introduced by the Government in 1976 to
indicate its approach to improving the nation’s energy
situation. The notion that low-cost energy was essential
for Canadians to maintain their standard of living was
replaced by the realization that although we have many
energy supply options, none of them will supply cheap
energy.

The 1976 report also outlined a number of policies
designed to meet the stated objectives. These measures
included moving domestic oil prices towards internation-
al levels; reducing the rate of growth in energy demand
to less than 3.5% annually through energy conservation
programs; increasing exploration and development in
frontier areas of Canada (with Petro-Canada subse-
quently to aid in this task); promoting interfuel substitu-
tion to reduce the share of our energy needs satisfied by
oil; building new gas and oil pipelines; and increasing
research and development in the energy sector. From
our point of view, this latter point is particularly impor-
tant because it marked the first time that funding for
conservation and renewable energy research and de-
velopment received special mention. The subject of
funding for energy research and development is impor-
tant since it is through such funding that implementation
of the options chosen in a policy statement are made
possible.

The Canadian effort in energy research, develop-
ment and demonstration (RD & D) at the federal level
which should have helped to achieve some of the above
objectives was unimpressive throughout the 1970s, and
there was no significant increase in real annual expendi-
tures despite the rising concern over energy supplies
which had developed from 1974 to the end of the
1970s. Figure 3-20 shows the evolution of Federal Gov-
ernment energy RD & D budgets from 1974 to 1979, in
current and constant dollars. Provincial government ex-
penditures are not included in Figure 3-20.
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An Evolving Federal View of Energy Strategy
in Canada

Foreword, An Energy Policy for Canada - Phase 1,
1973

The attainment of many of our national goals is
dependent on our continued access to low-cost sup-
plies of energy: the growth in our standards of living,
as individuals and as nations; the improvement in the
quality of life, in the choices available to us.

At the international level we have heard expressions
of concern about the availability and cost of energy in
the future. In Canada we have had the good fortune to
be endowed with substantial supplies of all five main
sources of energy: coal, oil and gas, hydro power and
uranium. But with our climate, and with the transporta-
tion demands imposed on us by our vast land-area,
our demand for energy is also substantial.

Foreword, An Energy Strategy for Canada: Policies for
Self-Reliance, 1976

While our proved reserves of oil and low-cost gas
continue to decline, Canadian demands for these
energy forms continue to increase. The growing gap
between our energy demands and our ability to supply
them from domestic reserves suggest that we could
become increasingly dependent on the rest of the
world, and the Organization of Petroleum Exporting
Countries in particular, for our future oil supplies. This
prospect carries with it economic and political risks
which the Government of Canada views with concern.

We have, within Canada, the people, the equip-
ment, the expertise and the potential energy resources
to reduce substantially our dependence on imported
oil. We can do this by reducing the rate at which our
energy requirements grow in the future, by substituting
those energy forms which are in relatively abundant
supply in Canada for those tha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>