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Conversion Factors - Metric to Imperial Units1

metre (m)

cubic metre (m3) of oil

cubic metre (m3) of natural gas

litre (L)

gigajoule (GJ)

tonne (t)

3.28 feet

6.3 barrels

35.3 cubic feet

0.22 Imperial gallon

950.0 cubic feet of natural gas at 1 000 Btu per cubic foot, or 0.165
barrels of oil, or 0.28 megawatt hours of electricity

2 200 pounds

Abbreviations

gigajoule (GJ)

terajoule (TJ)

petajoule (PJ)

exajoule (EJ)

kilowatt (kW)

megawatt (MW)

megawatt hour (MW.h)

gigawatt hour (GW.h)

terawatt hour (TW.h)

10" Joules (J)

1012 J

10l5J

10l8J

103 watts

103 kilowatts

103 kilowatt hours (kW.h)

106 kW.h

10" kW.h

1 Approximate conversion factors
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Foreword

The National Energy Board ("NEB" or "the
Board") was created by an Act of Parliament in 1959.
The Board's regulatory powers under the National
Energy Board Act ("the Act") include the authorizing of
the export of oil, gas and electricity, of the construction
of interprovincial and international oil and gas pipelines
and international power lines, the setting of just and
reasonable tolls for pipelines under federal jurisdiction
and the regulation of oil and gas activities on Canada
lands in the north. The Act also requires that the Board
keep under review the outlook for Canadian supply of
all major energy commodities including electricity, oil
and natural gas and their by-products, and the demand
for Canadian energy in Canada and abroad.

Since its inception, the Board has prepared and
maintained projections of energy supply and
requirements and has from time to time published reports
on them after obtaining the views of interested parties.
In a July 1987 decision in which the Board adopted the
Market-Based Procedure ("MBP") for regulating natural
gas exports, the Board indicated its intention to continue
to produce and publish these Canadian Energy Supply
and Demand reports as one component of the ongoing
monitoring part of the MBP. The latest of these reports
was issued in the fall of 1991.

The objectives of this report are:

• to provide a comprehensive "all energy" market
analysis and outlook to serve as a standard of
reference for all parties interested in Canadian
energy issues;

• to provide a framework for public discussion on
emerging energy issues of national importance;
and

• to monitor the prospects for the supply, demand
and price of natural gas in Canada pursuant to the
MBP.

In conducting its analysis the Board, or Board staff,
has always obtained the views of interested parties. Over
the years a number of changes have been made to the
process of obtaining external views. In the reports of the

late 1970s and early 1980s external views were gathered
by submissions requested by the Board which were
sometimes the subject of examination in public hearings.
Starting with the 1984 report, submissions were no
longer subject to public examination; in subsequent
reports, information was gathered from interested parties
on a more informal basis.

In this version of Canadian Energy Supply and
Demand, Board staff continued to use an informal
consultation process involving two rounds of
discussions. The initial round was conducted at an early,
formative, stage of the analysis. It involved dialogue
about issues, the appropriate analytical approach and
report format. A brief report on these consultations, and
on the actions that resulted from them, was made
available to interested parties in July 1993. A second
round of consultations, to discuss preliminary results,
was held in December 1993. Important differences
between the views expressed by consultees and the
Board's analysis are noted and discussed in the report.
In addition Board staff engaged in extensive
consultations with many sectors of the energy
community. We greatly appreciate the advice we
received and the interchange of views during our
consultations and we thank those who contributed their
time and expertise.

These reports are issued by the Board for the
information of the public. A number of parties have
raised concerns over the use of Canadian Energy Supply
and Demand reports in the Board's regulatory
proceedings, and questioned whether these reports are
an official reflection of Board views. The Board
therefore wishes to clarify its views in this regard.

The Board recognizes that parties have not had the
opportunity to examine or test the findings and
conclusions contained in these reports in a public forum.
Material from them may be used as part of the evidentiary
record in particular regulatory proceedings to the extent
that any party chooses to rely on such material, just as it
could rely on any public document. In such a case, the
material in effect is adopted by the party introducing it.
In this respect, there has been no change in the way in
which the report is used by the Board.

This report contains a discussion of the main supply and demand trends and issues. A technical
report and statistical appendix contain more analytical detail and supporting information.
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Chapter 1

INTRODUCTION

Since its inception the National Energy Board has
published assessments of the long-term outlook for
energy in Canada. In the period since 1981 four reports
have been issued. The Board has always recognized that
there is considerable uncertainty about the future
evolution of energy markets stemming from both
demand and supply behaviour. Over a period as long as
twenty years fundamental changes can be expected to
affect society, the economy, and government policies, all
of which can profoundly influence the evolution of
energy markets. For purposes of long-term analysis a
single estimate of the most likely course of energy
supply and demand is not particularly useful or suitable.
In fact, the Board has explicitly stated in recent reports
that its analysis is not intended to provide a "forecast"
but, rather, to give a broad assessment of the implications
of possible variations in key underlying variables, such
as world oil prices, for the long-run energy outlook.
This report continues that tradition.

Further, the analysis in this report pertains to long-
run trends in energy markets; it does not purport or
attempt to assess year-to-year fluctuations in the demand
for and supply of energy or in energy prices.
Fluctuations will occur on a monthly, annual and multi-
year basis, as recent experience demonstrates, but they
are not necessarily indicative of longer run trends. We
do not attempt to analyze the prospects for the
emergence of surpluses of commodities such as natural
gas or of shortages as reflected in short-term price spikes.
In reasonably well functioning markets sustained
surpluses or "shortages" will not occur. There can, of
course, be difficulties associated with supply/demand
imbalances and sharp changes in price but these are short
run and transitory in nature; they are not a continuing
characteristic of markets over long periods of time.1

The response of markets, in Canada and elsewhere,
to the oil price shocks of the 1970s and, more recently,
to changing circumstances in North American natural
gas markets, is strong evidence of the validity of this
view. Over long periods of time such as the period
considered in this report, the trends in energy supply,
demand and prices will reflect the influence of changes
in the fundamentals of technology, consumer and
producer behaviour and government policies.

It is also important to note that our analysis is
restricted in that we do not speculate on the future course

of government policies, including energy and
environmental policies. Rather we conduct an analysis
of plausible trends in energy market variables within the
currently existing policy framework. For example,
although this report analyzes the implications of energy
supply and demand trends for levels of greenhouse gas
emissions, we do not develop and analyze possible
government policies to achieve greenhouse gas
emissions targets. There is also much public discussion
of the prospects for policy initiatives related to increased
use of alternative and renewable forms of energy. In fact,
it is frequently stated that such new energy forms can
only be viable with changes to government policies. We
assess the prospects for such energy forms based on their
current and prospective costs and the prices of
competing fuels. While we conclude that they are not
generally commercially viable with present policies, we
do not assume policy changes and therefore we do not
project increased use.

We have, in recent years, canvassed readers of
these reports as to their usefulness and as to the
appropriate structure and framework of analysis. Two
opinions have been strongly expressed:

• the reports should emphasize the key uncertainties
related to the future course of energy supply and
demand and the implications of such uncertainties;
and

• notwithstanding the importance of analyzing these
implications, it is important to have an integrated
and consistent quantitative analysis, which
includes all energy commodities, supporting
observations and conclusions and the Board should
have a view about the most likely evolution of
energy markets.

These views have led us to change the format and
the manner of presenting the results of the analysis. In

1 This does not mean that these transitory phenomena are unimportant;
rather, it is to say that they are best addressed by other kinds of analy-
sis. Two recent examples of short-run analysis of natural gas markets
are: National Energy Board, Natural Gas Market Assessment,
Canadian Natural Gas Market Mechanisms: Recent Experiences and
Developments, November 1993 and National Energy Board, Natural
Gas Market Assessment, Natural Gas Supply Western Canada, Recent
Developments (1982-1992), Short-Term Deliverahility Outlook (1993-
1996), November 1993.
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order to respond to a diverse readership two reports will
be published. The present report focuses on the broad
outlines of prospective energy market developments
under different underlying assumptions about the values
of key variables. The results are presented as a range of
possible outcomes. A separate technical report provides
detailed descriptions of the analytical methods used and
the quantitative results. The quantitative analysis will be
of value to users who wish to develop their own views of
prospects or to have a detailed assessment of the impact
of alternative assumptions. Neither report purports to
contain a "forecast" of energy market developments.

Framework of Analysis

In each of its energy outlook reports issued in
recent years, the Board has analyzed the implications for
the Canadian energy market of different assumptions
about the future course of key variables. In reports
issued before 1991, the emphasis was on the implications
of alternative profiles of world oil prices and economic
growth. In 1991 the analysis was expanded, in view of
interest in the prospects for natural gas markets, to
incorporate a broader assessment of the implications of
alternative estimates of potential natural gas resources.
It also provided, for the first time, estimates of levels of
greenhouse gas emissions arising from the supply and
demand projections. In determining the analysis to be
conducted for this report we decided:

• not to repeat earlier analysis where, in our view, it
remains valid; and

• to concentrate our efforts on areas of greatest
interest which are also relevant to the work of the
Board.

Accordingly, this report focuses on assessing the
implications of alternative assumptions about
technological progress as they affect the costs of
supplying natural gas in the future. It also continues to
provide assessments of the implications of new and
ongoing uncertainties which are particularly important
for energy demand and for the supply of specific energy
forms.

For natural gas, the recent emergence of a close
balance between demand and supply in an increasingly
integrated North American gas market, following a
prolonged period of excess productive capacity, has led
to renewed interest and concern about the prospects for
natural gas prices. There is also emerging interest in the
impact of technological progress on the cost of finding
and producing incremental natural gas reserves.

The issues of the price and supply cost of natural
gas were frequently raised and discussed during
consultations we conducted in the course of preparing
this report. They were also main topics of interest during
the review conducted by the Board in 1993 of the Export
Impact Assessment2 component of the procedure used by
the Board in the regulation of long-term natural gas
exports. These matters were also the focus of a
comprehensive study by the U.S. National Petroleum
Council on the outlook for North American supply and
demand of natural gas'.

A major part of the analytical effort therefore
focused on the development of two cases differentiated
by alternative views about the impact of technological
change on the costs of finding, developing and producing
natural gas. Other assumptions, such as those regarding
the future course of oil prices, economic growth, and
energy transportation costs, are common to the two
cases. The potential impacts of different oil prices,
economic growth and other factors are examined in
sector-specific analysis. A summary of the framework
of analysis appears in Table 1 -1.

The Current Gas Supply Technology ("Current
Tech") case assumes that existing technologies related
to the finding and production of natural gas will evolve
during our study period, resulting in some moderation
in the rate of increase in gas supply costs through time
but that no new technologies are developed. Natural gas
supply costs rise with increasing production as new
fields are explored and developed. This assumption is
similar to the approach used in past Board reports, and
is the traditional approach to natural gas supply analysis.

The High Gas Supply Technology ("High Tech")
case, on the other hand, assumes that continued
technological advances will, to a large extent, offset
increases in the costs of gas supply even as new reserves
are found and produced. This concept is consistent with
the general observation that most mineral commodities
have exhibited flat or declining supply costs throughout
the extensive historical periods of their exploitation. This
approach generates a considerably flatter profile for future
supply costs compared to the Current Tech case. In other
words, industry supply costs are substantially lower in the
High Tech case, which, other things equal, imply lower
market prices for gas than in the Current Tech case.

2 National Energy Board. Export Impact Assessment Workshop, A
Summary of Discussion, 1 April 1993.

3 National Petroleum Council. The Potential for Natural (las in the
United States, December 1992.
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The differences in natural gas supply costs between
the two cases (and the resulting differences in field and
end use prices), lead to appreciable variations in North
American energy demand, fuel shares by end users,
Canadian gas export levels and fuel choices by electric
utilities.

Following the Export Impact Assessment
Workshop conducted in April, 1993 the Board decided
to integrate its analysis of the long-run impact of
incremental natural gas exports with analysis conducted
for this report4. To fulfill this commitment we include
an analysis of the impact on Canadian gas markets of a
substantial increase in U.S. demand for natural gas
relative to the two cases described above.

Further, there is increasing interest in the
implications for Canada of potential natural gas imports
into the U.S. from Mexico or from other new sources of
low cost gas supplies. We have, therefore, analyzed the

implications for North American natural gas markets,
and specifically for Canadian exports, of the introduction
into the North American market of a new, low-cost,
source of supply.

Turning to oil, world oil markets have been
characterized in recent years by a tendency for prices to
drift downward and for expectations about future prices
to be lower than previously held views. Thus controlling
the costs of finding and producing oil from Canada's
relatively high cost conventional and oil sands resources
has become critical to the success of the Canadian
upstream oil industry. At the same time there have been
a number of technological developments in oil
production which have tended to reduce the costs of

4 National Energy Board. Export Impaci Asst'ssmenl. letter to Interested
Parties. 26 August 1993.

TABLE 1-1
Framework of Analysis'

Issues Scope

Two Main Cases

1. Current Gas Supply Technology ("Current Comprehensive for all supply sectors and energy
Tech") demand
- supply costs increase as new reserves are
found and developed

2. High Gas Supply Technology ("High Comprehensive for all supply sectors and energy
Tech") demand. Includes a high technology assumption
- supply cost increases are mitigated by for oil supply,
technological change

Extended A nalysis

3. More energy-intensive economy
("Alternative Macro")

4. Enhanced inter-utility cooperation
("Enhanced Cooperation")

5. Export Impact Assessment
- higher U.S. gas demand

6. Additional low-cost gas supply

7. High and low oil prices
(US$30 and US$15 per barrel)

Energy demand

Electricity supply

Natural gas supply, demand and prices

Natural gas supply, demand and prices

Oil supply

1 Unless indicated otherwise prices and costs are expressed in constant 1993 Canadian dollars.
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producing those resources. Such developments include
horizontal, multiple-leg wells and a number of
technologies aimed at reducing the costs and improving
the recovery of oil in place, particularly heavy oil
resources. Recognizing that the impacts of these
emerging technologies are relatively speculative at this
time, we have assessed the implications for Canadian oil
supplies of alternative rates of development and use of
such technologies. We have also analyzed the
implications for Canadian oil supply of relatively low
and high future oil price tracks.

For electricity, there is increasing interest in the
prospects for enhanced cooperation and trade across
traditional utility franchise areas in both Canada and the
U.S. The potential benefits from such cooperation and
trade were analyzed by the Board pursuant to a request
from the Minister of Energy, Mines and Resources in a
report which has recently been released by the Minister5.
We have pursued this analysis by assessing the
implications of enhanced inter-utility trade for the nature
and geographical distribution of generating capacity and
related atmospheric emissions.

The demand for energy is strongly influenced by
the structure of economic activity, in particular by the
share of economic activity accounted for by the
production of energy-intensive commodities relative to
less energy-intensive goods and services. Over the past
two decades the production of services has been rising
relative to the production of goods in Canada as in other
industrial countries. However, it is far from clear that
this trend will continue. In fact a number of factors,
including the relative curtailment of government
services, have at least temporarily reversed this trend.
We have therefore analyzed the implications for energy
demand in Canada of an economic structure which
evolves more strongly in the direction of the production
of goods than it has in the recent past.

Subsequent chapters in this report outline the
principal findings of our analysis and relate them to
previous findings. Where possible, we also compare our
results to the conclusions and views of other analysts.

5 National Energy Board, Review of Inter-Utility Trade in Electricity,

January 1994.
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Chapter 2

MACROECONOMIC ASSUMPTIONS

To provide a context for an assessment of energy
futures, a view of the prospects for international and
domestic economic activity is required. For Canada, our
approach was to develop this context on the basis of mid-
range, roughly consensus, views about the determinants of
long-run future economic growth. The major determinants
of long-run economic growth for an industrialized
economy are the rate of labour force growth, the rate of
capital accumulation and the rate of growth in productivity
attributable to other factors such as technological change.
Over the long run, an economy will tend to grow at a rate
close to the sum of the rates of growth of these
determinants, a rate that can be described as the potential
rate of growth. Short-run cyclical variations occur but the
importance of these for the annual average growth rate
diminishes over a period as long as 20 years.

The macroeconomic assumptions were generated
in the context of current policies on the part of the
Canadian and other governments worldwide. They
represent assumptions made to facilitate our energy
supply/demand analysis. This set of assumptions should
not be interpreted as a forecast.

Most consultees favoured use of middle-of-the-
road economic assumptions of the sort which we have
made. Some others suggested that we should directly
address the issue of sustainable development. A few
suggested we include a zero economic growth case. We
recognize the interest in such cases but we have not
developed them for this report.

Global Economic Context

A multitude of issues and uncertainties have a
bearing on the future of the global economy. Among the
major ones are: prospects for political stability and
economic development in eastern Europe and the
territories of the former Soviet Union; population growth
and rates of development in India, China and on the
African continent; the effects of NAFTA and, more
broadly, prospects for trade liberalization with and
among North and South American economies; growth
prospects for Japan and the "Asian tigers"; and trade
liberalization, immigration and slowing natural
population growth in the OECD area. For the first time
in many years, the future course of world crude
petroleum prices is not considered a critical factor in
establishing the macroeconomic assumptions.

In spite of this imposing list of issues, many
analysts, including those we consulted, have adopted
similar views about the future course of the world
economy:

• Growth in the OECD area slows to an average
annual growth rate near 2.5 percent from the
average over the past 20 years of nearly three
percent. Slowing growth is expected particularly
in Europe and Japan.

• The U.S. economy is generally expected to show
average annual real output growth of about 2.5
percent over the long term, with moderate inflation
and relatively low nominal interest rates.

• Growth rates increase among the "Asian tigers"
with China joining and perhaps even leading.

• There is hope for the resolution of problems in
Russia and in the other areas of the former Soviet
Union with growth re-emerging before the year
2000.

These assumptions correspond closely to the view
of the IEA/OECD secretariat.

The Canadian Economy

Since the early 1970s, there has been a slowing of
potential growth in Canada reflecting declining
population growth and little growth in productivity. The
range of views relating to future economic performance
can be seen in Table 2-1.

Most demographic projections show population
growth of just over one percent per year with household
formation proceeding somewhat more rapidly as a
consequence of relatively high rates of immigration and
a trend to smaller households. Our projection adopts this
view: the fertility rate, the average number of children
born per woman over her lifetime, is assumed to remain
near its present level of 1.8, somewhat below the
population replacement rate. Net immigration, generally
following most-recent trends, is assumed to average
150 000 per year over the final decade of the projection
period, somewhat lower than recent levels but high in the
longer-term historical perspective. Labour force
participation is assumed to increase only modestly over
the projection period, reflecting a continued but slower
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rate of increase in the participation rate for adult women
and a further decline in the rate for older men.

There is some disagreement with respect to the
prospects for productivity growth in Canada, but most
analysts expect it to improve from the low level
experienced, on average, over the past 20 years. Such
an improvement would reflect the effects of a number of
policy developments worldwide, including continuing
trade liberalization. The most common view is for
growth to average about one percent annually in the
period to 2010 although some believe the improvement
will be even greater. The DRI view achieves an annual
average RDP growth rate about half a percentage point
higher than the other projections on the basis of stronger
growth in productivity.

There is some allowance in our projection for the
Canadian economy to take up the slack resulting from
the 1990-1992 recession. The take-off point for the
current projection is close to the trough of a cycle; the
unemployment rate in 1993 was over 11 percent, well
above the rate which consultees regarded as reasonable
on average over the longer term.

Inflation is moderate, in the range of two percent
per year, in all projections. At the time the
macroeconomic projection for the supply/demand report
was made the Canada/U.S. exchange rate stood at
US$0.79 for one Canadian dollar and this rate was
chosen as the assumption for the macroeconomic
projection. The assumption is also consistent with the

fact that no sustained differences are expected between
the U.S. and Canadian inflation rates.

The Goods/Services Mix

The distribution of total output between goods and
service industries in the Canadian economy is important
to the analysis since different distributions of output
have important implications for energy requirements.
The production of goods is much more energy-intensive
than the production of services. Over the past 20 years,
service sector growth has been more rapid than growth
in the goods sector and the share of service industries in
total output has increased (Table 2-2).

The relative expansion of the service sector,
historically, reflected such factors as: an increasing
tendency for households to purchase services as
women's labour force participation increased; an
expansion of public health services and education; and
an increasing tendency for businesses to contract-out for
some types of business services. Within the service
sector, there has been a slowing in the growth of non-
business services as a result of a relative contraction of
the government sector.

There is considerable uncertainty with respect to
the future evolution of the balance between goods and
service industries over the projection period. There are
two competing views:

• The trend towards an increased service sector share
(a lower goods sector share) will continue,

TABLE 2-1
Comparison of Canadian Macroeconomic Projections: 1991 to 20101

Average Annual Growth Rales (percent)

RDP

Households

Labour Force

Unemployment Rate
(percent in 2010)

NEB

2.5

1.6

1.3

7.4

NRCan

2.5

1.5

1.2

7.9

Informetrica

2.6

1.6

1.2

9.0

WEFA

2.6

N/A

1.3

7.2

DRI

3.0

1.5

N/A

7.8

I. These projections were current at the time our macroeconomic projections were developed. Some of these organizations
may have subsequently changed their views.

Source: Compiled by NEB staff
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reflecting the aging of the population leading to
increased demand for health care and consumer
services such as tourism; a continued increase in
the adult female participation rate; and, growth in
information-based industries.

The trend to a lower goods sector share will slow
or perhaps even reverse. This change in trend could
occur as a result of developments such as trade
liberalization. Trade liberalization could have a
more favourable impact on goods than services
exports because of Canada's comparative advantage
in the production of resource-based goods and in
some secondary manufacturing industries. Also
favouring an increased goods share in the economy
are the implementation of the GST which improved
the cost competitiveness of Canadian goods in both
domestic and export markets; fiscal restraint which
will further reduce growth in the government sector;
and, lower demand for education services because
of the aging of the population.

In both of our sets of macroeconomic assumptions,
the historical trend reverses and the goods sector grows
faster than the rest of the economy. This reflects a
continued slowing of growth in government services but
also a rebound in goods sector activity during the
recovery from the 1990-1992 recession. In the reference
projection, however, the share of service industries
within the business sector again expands post-2000
following the recovery phase of the economy. This
reflects the continuing influence of factors which
resulted in the increasing share of business services over
the previous two decades.

The alternative macroeconomic projection features
stronger growth in the goods sector, particularly in
energy intensive industries. It was developed to evaluate
the importance of the uncertainty about economic
structure for energy demand. To ensure that the impact
of the change is limited to the change in economic
structure, growth in domestic production is the same in
both sets of macroeconomic assumptions.

TABLE 2-2
Evolution of the Goods/Services Mix - Sector Shares
(percent)

1962

1973

1981

1991

2000

2010

Goods Sector

Ref

28.5

28.8

35.8

39.3

30.0

27.3

Alt'

29.7

31.6

Business
Services

41.7

39.8

50.6

54.3

Projection

Ref Alt

54.8 54.7

56.0 54.6

Service Sector

Non-business
Services1

22.5

20.9

19.4

18.4

Ref Alt

16.7 15.6

15.2 13.8

Total
Services

64.2

60.7

70.0

72.7

Ref Alt

71.5 70.3

71.2 68.4

1 The non-business sector is largely composed of the government sector but it also contains religious and charitable institu-
tions and non-profit organizations.

2 Reference case assumptions
3 Alternative Macro assumption

Source: Statistics Canada, Informetrica and NEB
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Regional Economic Performance

Regional economic growth over the projection
period follows a pattern similar to provincial population
and labour force growth. Over the last fifteen years, in
every province the labour force grew substantially faster
than population because of increased female
participation in the workforce. We expect a slowing of
this trend and, therefore, labour force growth which more
closely mirrors population trends (Table 2-3).

Population and labour force growth in Atlantic
Canada are projected to be the slowest in the country
because of continued high levels of inter-provincial
migration, low levels of international immigration and
low birth rates. The net effect of very weak
demographics, average labour productivity gains, heavy
reliance on primary industries such as fishing and a low
proportion of manufacturing and export-oriented
industries leads us to project economic growth in
Atlantic Canada at a rate well below the national average.

Quebec's population and labour force are assumed
to grow more slowly than the national average despite
government efforts to encourage higher fertility rates
and immigration levels. Labour productivity on the other
hand is projected to grow slightly faster than the

Canadian average because of strong growth in the
manufacturing sector with the net result of a growth rate
just below the national average.

Ontario displays the strongest rate of growth over
the recovery period and throughout the entire period of
the analysis. This reflects two main factors:

• Ontario has traditionally been among the premier
destinations for both international and inter-
provincial migrants, primarily because of the
availability of employment opportunities.

• Ontario was the province most severely affected by
the 1990-1992 recession and therefore has the
largest output gap to close.

Productivity also increases rapidly because of
rationalization and restructuring in the manufacturing
sector.

Manitoba has historically been one of the more
balanced economies in Canada; its economic structure
closely matches that of the country as a whole. The
Manitoba economy is projected to grow somewhat more
slowly than the national average as good productivity
growth is offset by slow population growth and weak
agricultural sector performance.

TABLE 2-3
Key Economic Variables by Province
Average Annual Growth Rates (percent)

RDP

Population

Labour Force

RDP

Population

Labour Force

Atl

2.3

0.4

1.8

Atl

1.7

0.3

0.5

Que

2.1

0.7

1.6

Que

2.3

0.8

0.9

1976-

Ont

2.5

1.3

2.1

1991-

Ont

2.9

1.4

1.6

1991

Man

1.7

0.4

1.3

2010

Man

2.1

0.7

0.8

Sask

2.1

0.5

1.4

Sask

1.6

0.7

0.6

Alta

1.9

2.2

3.0

Alta

2.3

1.3

1.5

B.C

2.7

1.9

2.7

B.C

2.9

1.7

1.9

Source: Statistics Canada, Informetrica and NEB
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Saskatchewan is very dependent on the primary
industries of agriculture and mining, the long-term
prospects for which are perceived to be less than
favourable. This economic structure combined with
weak population and labour force growth is projected to
result in economic growth well below the national
average and about equal to that projected for Atlantic
Canada.

In Alberta, net migration has fallen from the rates
experienced during the oil boom years. This recent trend
is expected to continue, resulting in much slower
population growth over the next 20 years than
experienced during the past two decades. The effect of
lower population growth on the labour force is partially
counter-balanced by the fact that the population is

younger than the national average. The service sector is
assumed to grow faster than the mining sector over the
projection period, moderating growth in labour
productivity. On balance, the Alberta economy is
projected to grow at a rate slightly below the national
average.

British Columbia's population and labour force
should exhibit the strongest growth in the country,
buoyed by the continuing trends of high international and
inter-provincial migration as people are attracted by the
province's agreeable climate and economic
opportunities. Growth in the provincial economy is
projected to match that of Ontario and to be above the
national average.
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Chapter 3

ENERGY PRICES

The price of energy is particularly important to
Canadians because of Canada's climate and because an
important part of Canadian industry is energy intensive;
high energy costs can be a handicap. On the other hand,
Canada has a large energy-producing sector so energy
prices and the profitability of energy production have
important implications for economic activity and
employment in the major energy producing regions. For
energy producers, the prices which are important are
wellhead or fieldgate prices while for consumers, the
relevant prices are for delivered energy. Final consumers
of energy have choices among various energy commodities
to satisfy their needs. Their choices depend on the relative
prices of these commodities at the burner tip.1

This chapter describes the price levels and changes
which either emerge from our analysis or have been
assumed. Wellhead or producer prices are presented
first, beginning with the international price of crude
petroleum, and concluding with a discussion of prices to
end users at the burner tip.

Prospects for International Crude Petroleum Prices

Although the energy sector is important to the
Canadian economy, Canadian production and
consumption of crude petroleum are small in the context

of the global market. Consequently, Canada is a price
taker for crude oil. In considering the prospects for
crude petroleum markets to the year 2010, recent
developments must be put in the context of longer-term
considerations and trends. Over the past century and a
quarter, the price of crude has generally varied within a
range US$10 to US$20 in 1993 dollars (Figure 3-1).
Although at times the market for crude petroleum has not
been particularly competitive, market forces have played
a major role in keeping crude prices within this relatively
narrow band.

In the period from 1973 to the present crude oil
prices have been more volatile than they had been for
many years. The volatility has reflected political events
including periodic instability in some of the major
producing regions and actions by OPEC. Markets have
also been affected by the more gradual but equally
powerful influences of the operation of market
adjustment mechanisms. It appears that, recently,
technological progress has tended to reduce the supply
costs and prices for crude petroleum.

1 Because consumers use energy for ihe tasks which it performs, such
as heating a house, consumers make their decisions based on both the
price of an energy commodity and the efficiency with which it per-
forms a specific function.

FIGURE 3-1
Crude Oil Prices

US$ per barrel

1870 1890 1910 1930 1950 1970 1990 2010
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Clearly, one cannot expect to project the course of
crude oil prices with any accuracy. However, as the
historical experience suggests, crude prices can
generally be expected to fall within a range conditioned
by market fundamentals. These include rates of
economic growth and the associated implications for
energy demand, technological change affecting supply
costs of crude oil and competing fuels, and changes in
consumer preferences.

As in the 1991 report, our approach is to provide
an estimate of the "sustainable range" for future crude
petroleum prices based on the underlying fundamental
forces affecting supply and demand. The actual price of
crude will, of course, fluctuate and could lie outside the
estimated sustainable range from time to time even if our
analysis is generally correct. For example, the price
could fall below the bottom of the range for some time
depending on the reaction of OPEC and other market
participants to the return of Iraqi production to world
markets.

The analysis presented here is based on supply
costs of crude petroleum in the Middle East and the rest
of the world. Given the large amount of crude thought
to be available at supply costs of less than US$30 (1993
dollars), we believe that, under any plausible outcome
for world crude oil demand, the conclusions of an
analysis based on supply costs and OPEC behaviour
alone are likely to be valid.

Estimates of crude petroleum supply costs have
declined over the past few years, in part because of
technological improvements such as horizontal drilling,
three-dimensional seismic, and advanced off-shore
production systems, but also because of recent successes
in cost cutting by producers in the face of lower prices.
Of particular importance are cost reductions in areas of
non-OPEC supply since the marginal cost of these
producers limits OPEC's market power.

Table 3-1 presents estimates of supply costs for
world oil reserves developed by Petroleum Economics
Limited (PEL). Although specific to PEL, views
expressed during our consultation process were
consistent, at least qualitatively, with these estimates.
There are a number of key messages to be obtained from
the data. Most importantly, oil reserves are very large:
it is estimated that there are 2.4 trillion barrels of world
reserves of crude petroleum which can be profitably
produced at prices no greater than US$25. At 1993
levels of world consumption, this implies a reserves life
index of 100 years.

Within the Middle East alone, there are over one
trillion barrels of oil that can be profitably produced at
today's prices. Indeed, the PEL estimates suggest that
75 percent of the proven and probable reserves in the
Middle East can be profitably exploited at prices of less
than US$5. Unfettered competition among the members
of OPEC could produce very low prices, perhaps as low
as US$5 per barrel for an extended period of time.
Therefore, any analysis which contemplates prices
significantly higher must be based on the assumption of
some degree of cohesion in OPEC.

Although 75 percent of the 1.8 trillion barrels of
proven and probable reserves outside the Middle East
can be profitably exploited at prices below US$25, most
of this non-OPEC supply has a supply cost above
US$15. At prices below US$15, competition from non-
OPEC production would not be particularly important.
Further, OPEC revenue requirements appear to provide
a strong incentive for OPEC to manage supply so as to
obtain a price of at least US$15.

At prices of US$25 and above, competition from
non-OPEC sources of supply would greatly weaken
OPEC's market power. Our analysis suggests that the
Canadian oil sands resource can be profitably exploited
at prices below US$25. Initiatives by consumers and

TABLE 3-1
Supply Costs of Proven and Probable Crude Oil Reserves

Supply Costs
(US$1993/bbl)

<14

14 to 25

>25

Source: Petroleum

Middle East

1055

-

-

Economics Limited and NEB

Other
(billion barrels)

270

1065

455

Worl

1325

1065

455
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governments to improve energy efficiency and to
substitute other fuels would also be important at these
prices.

The data and analysis presented here suggest that
a price ranging between US$15 and US$25 could be
sustainable depending on the strategy and cohesiveness
of OPEC. Other analysts tend to be in general agreement
with this assessment. However, the analysis of a few
observers, most notably the International Energy Agency
and the Energy Information Administration in the United
States, present a somewhat higher upper bound for crude
prices, suggesting a somewhat different view of non-
OPEC supply costs.

The lower bound of the range of views we surveyed
corresponds closely with the US$15 suggested by our
analysis but the upper bound lies closer to US$30 than
to US$25. Consequently, we have adopted a
"sustainable range" of US$15 to US$30 for use in the
analysis of price sensitivity of Canadian crude oil supply.
All other quantitative analysis done for the report
assumes a mid-range price which rises from the 1993
average of US$19 to US$23 over the course of the
projection period.

Natural Gas Fieldgate Prices

Prior to signing of the Western Accord in March
1985, natural gas prices in Canada were regulated. Since
that time, Canadian natural gas prices have been
increasingly determined by market forces in North
America. We projected Canadian natural gas fieldgate
prices by examining both supply and demand conditions
for natural gas within the North American context.

As discussed in more detail in Chapter 6, below, we
developed two main cases corresponding to two views
about the evolution of natural gas supply costs: a Current
Tech case, based on an analysis similar to that contained
in previous reports, in which natural gas supply costs
increase steadily over our study period, and a High Tech
case, in which unspecified technological improvements
act to keep supply costs near current replacement levels
in real terms. Figure 3-2 shows the resulting projections
of Canadian natural gas fieldgate prices.

In the Current Tech case, Canadian fieldgate prices
rise from $ 1.58 per gigajoule in 1993 to about $4.00 per
gigajoule (1993 dollars) by the end of the projection
period, an average annual increase of six percent. In the
High Tech case, fieldgate prices rise much less rapidly,
at an average annual rate of two percent over the
projection period, to reach about $2.25 per gigajoule by
2010.

Electricity Prices

Over the last 20 years, electricity prices in all
regions of the country have increased more rapidly than
the general price level. In the last few years, several
Canadian electric utilities have experienced problems
with over-capacity: generation capacity was added in
the latter part of the 1980s based on demand projections
that did not materialize. The existence of this excess
capacity had the potential to produce significant rate
increases but many utilities have recently engaged in
major cost reduction exercises to keep rates down.

With the exception of price increases that have
already been announced by utilities, electricity prices in

FIGURE 3-2
Canadian Natural Gas Fieldgate Prices

$1993 per gigajoule
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12 CANADIAN ENERGY SUPPLY AND DEMAND 1993 - 2010



all regions and all sectors are assumed to remain constant
in real terms throughout our study period. This is the
same approach used in the 1991 report. Rising electrical
loads during the economic recovery should help to
reduce unit costs. Further, supply cost data received
from the utilities are generally consistent with constant,
real prices in the future even when additions to capacity
are required. In general, base load capacity additions are
not expected to be required until the latter half of the
projection period.

Coal Prices

Following consultation with the industry, we
assumed a real price of coal which rises very slightly
over the projection period - at an annual average rate of
0.5 percent. This increase is much lower than the rates
of increase in the prices of competing fuels. Inter-fuel
competition and undesirable environmental properties in
combination with abundant supply should act to
maintain a low coal price environment.

Alternative Energy

We use the term alternative energy to refer to non-
conventional and/or renewable sources - such as wood,
wood wastes, solar, small-scale hydro and wind, and
municipal solid waste.

In 1992, these sources accounted for just under
seven percent of Canada's end use energy requirements.

Of the total 489 petajoules of alternative energy, just
over 80 percent, or 395 petajoules, was wood waste used
in the pulp and paper and forestry sectors, 19 percent
represented wood use in the residential sector, while
other sources accounted for under one percent.

Measuring use of alternative or renewable energy
in the residential and commercial sectors poses certain
difficulties. In some instances, wood or solar may not
be the primary source of energy. Use of passive solar or
infrequent use of wood may be measured as conservation
(it reduces requirements for conventional, measured
energy sources) rather than as alternative energy
consumption. Thus it is likely that our estimates
understate the use of some of these alternative energy
forms, although their impact on the use of conventional
non-renewable energy sources is captured in our
projections.

Like other energy forms, demand for alternative
energy will be influenced by its prices relative to those
of competing energy sources. For our assessment of the
potential growth in the use of alternative energy we
gathered data on the estimated supply costs of
alternatives and compared those costs with today's prices
of conventional energy forms (Table 3-2).

The costs of alternative energy are estimated on a
commercial basis to make them comparable with the
prices of conventional energy. That is. these estimates
take no account of the potential environmental costs

TABLE 3-2
Costs of Alternative and
($1993 per gigajoule)

Conventional Energy1

Energy Source

Wind
Active Solar

Biomass
Photovoltaics

Applications

Electricity Generation
Heating
Heating

Electricity Generation

Supply Cost-

14-28
6-33
3-42

150-460

Burner Tip Price2

Natural Gas
Electricity

LFO

Residential Sector
Residential Sector
Residential Sector

6-12
15-20
16-18

1 The range represents the lowest and highest cost and price in Canada.
2 Efficiency-adjusted supply costs and burner tip prices.

Source: Supply costs, NRCan
Burner tip prices, NEB
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associated either with conventional energy or alternative
forms. Such environmental factors consist, for example,
of carbon dioxide emissions or of the environmental
degradation that could result from the construction of a
large hydro dam. If energy forms were to be priced on
a basis which included their environmental costs then the
relationship between the prices of conventional and
alternative energy forms could well be different from
those shown here. We use the market or commercial
pricing approach because our objective is to assess
energy supply and demand in the context of anticipated
market price behaviour.

There is a wide range of prices and costs for both
conventional and alternative energy forms. In the case
of conventional energy the prices differ dramatically
depending on the geographical location at which they are
measured. In the case of natural gas this is related to the
fact that transportation costs are much higher for eastern
markets than for service to western markets. In the case
of electricity, generating costs differ widely across the
country depending on the type of installed generation
capacity. There is an even wider range in the estimated
end use costs of alternative energy sources which are
highly site and use specific. The low end of the cost
ranges shown in the table represent the most favourable
application of existing technologies; these are projects
which are located in resource-rich sites and, in the case
of electricity applications, which are close to the
electrical grid.

Clearly some alternative energy forms are
competitive with conventional sources and are now being
used, in some cases quite extensively. As noted, much
of the alternative energy currently being consumed is in
the form of wood and wood wastes used for residential
purposes and in the pulp and paper industry respectively.

Except for wood and wood waste most alternative
energy sources are in general still expensive compared
with conventional energy, when priced on a market basis.
Over our study period, however, pricing mechanisms
and tax policies could change, as could individual
preferences in favour of using alternative energy forms.
Technological progress could also enhance the
commercial viability of alternative energy.

Transportation and Distribution Costs

Transportation costs can be a major part of the cost
of delivered energy. This is particularly true for natural
gas and electricity, which are both expensive to transport.
Over the past 20 years, most of the variation in delivered
energy prices has been due to changes in taxes and

wellhead prices rather than to changes in transportation
costs. We assumed, in the analysis conducted for this
report, that the costs of transportation and distribution of
energy commodities will remain constant in real terms.

In the case of natural gas, burner tip prices include
transportation and distribution costs and taxes in addition
to the fieldgate price. Transportation costs are much
lower and represent a smaller proportion of the burner
tip price for consumers located close to supply sources.
Distribution costs vary among provinces, within
individual provinces and by end user. For example, in
the industrial sector in 1991, transportation and
distribution charges constituted only 21 percent of the
burner tip price in Alberta but 75 percent in Quebec
(Figure 3-3).

For electricity, transmission and distribution costs
make up between about 25 and 35 percent of the
delivered price of electricity depending on the utility.

Burner Tip Prices2

Burner tip prices differ significantly between
sectors and among regions. Figures 3-4 through 3-7
show the historical and projected evolution for end use
prices in Ontario and British Columbia in the residential
and industrial sectors.

Most petroleum product prices, including light fuel
oil (LFO), motor gasoline and diesel fuel, increase more
slowly than the price of crude oil in all sectors and all
provinces. A premium was added to heavy fuel oil
(HFO) prices as a way of accounting for the costs of
switching from natural gas in the industrial sector. This
reflected the views expressed at the Export Impact
Assessment (EIA) workshop and in our consultation
process that the costs of switching could be high because
of the need to build infrastructure and to meet
environmental standards. Electricity prices at the burner
tip show no increases except as already announced by
utilities.

The most interesting part of the price story relates
to end use prices for natural gas, which differ between
the Current Tech and High Tech cases. In the latter case
natural gas prices rise only moderately over the
projection period.

Relative to electricity, gas remains the least-cost
fuel in all provinces where it is available, even in the

The relevant prices for analysis of energy demand are prices at the
burner tip adjusted to reflect differing fuel efficiencies. This adjust-
ment is required to derive the actual per-unit costs of energy services
to end users. The prices shown in Figures 3-4 through 3-9 are adjust-
ed for efficiencies.
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Current Tech case, and has a substantial competitive
advantage under the High Tech assumptions. This is
illustrated for the Quebec residential sector in Figure
3-8. HFO and gas are much cheaper than electricity in
all cases. Gas becomes a high-cost alternative to HFO
under the Current Tech assumptions by about 2005
(Figure 3-9). HFO would have been cheaper than gas

throughout most of the projection period had we not
added a premium to the price of HFO.

In Atlantic Canada, natural gas is not available at
present and interfuel competition is confined to
electricity and LFO in the residential sector. Under our
assumptions LFO remains cheaper than electricity
throughout the projection period.

FIGURE 3-3 (a)
Composition of Natural Gas Price in 1993 - Alberta
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FIGURE 3-3 (b)
Composition of Natural Gas Price in 1993 - Quebec
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FIGURE 3-4
Residential Energy Prices - Ontario
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FIGURE 3-5
Residential Energy Prices - BC
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FIGURE 3-6
Industrial Energy Prices - Ontario
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FIGURE 3-7
Industrial Energy Prices - BC
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FIGURE 3-8
Residential Energy Price Ratios - Gas to Electricity, Quebec
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FIGURE 3-9
Industrial Energy Price Ratios - Gas to HFO, Ontario
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Chapter 4

CANADIAN ENERGY DEMAND

Energy commodities are rarely used as final
products. Rather their energy content is used to perform
other functions, such as space heating, powering motors
for industrial processes or automobiles for
transportation. As such, energy use. or demand, derives
from the use of other goods and services.

Thus energy demand depends on the level and
structure of economic activity, demographics, energy
prices, the efficiency of energy use (which in turn is
related to the characteristics of energy-using equipment
and buildings), related government policies and the
nature of consumer tastes and behaviour.

Prior to the early 1970s, energy demand increased
rapidly as the economy grew strongly and energy prices
were low (Figure 4-1).

Since the oil price shock of the early 1970s, energy
use patterns in all major industrialized countries have
changed dramatically. There have been major shifts off
oil and conservation measures have been adopted to
reduce oil and other energy use through improved energy
efficiency. Consumers of energy began to focus more
on conservation and, in response, equipment
manufacturers made improvements in the energy
efficiency of appliances and industrial machinery.
Government policy, motivated by concerns for security
of energy supply, enhanced these efforts through the
introduction of "off-oil" and energy conservation
programs in the late 1970s and early 1980s. The slower
economic growth which characterized the post-1973 era,
including two deep recessions from 1981 to 1982 and
1990 to 1992 also dampened growth in energy use.

Some of the impact of these factors occurred fairly
quickly as a result of behavioural changes such as the
lowering of thermostats. However, the full impact of
higher prices and changed policies on energy
consumption occurs only over a much longer period of
time as newly-designed, more energy-efficient,
buildings, machinery and appliances gradually replace
existing equipment.

Even after allowing for the effects of fluctuations
in economic activity, there appears to have been a change
in the trend rate of growth of energy use in Canada over
the past two decades. The average annual rate of growth
of end use energy demand in the 1980s (0.8 percent) was
about one third that of the 1970s (2.6 percent). The
change in trend was a result of a number of factors

including the ongoing effect of the large energy price
increases of the 1970s and slower growth in the
economy, population and the number of households.

The change in trend has also resulted in a change
in the relationship between energy use and economic
activity. Figure 4-2 shows the recent evolution of the
intensity of energy use in Canada, i.e. the amount of
energy used per unit of Gross Domestic Product1.

Energy intensity declined more rapidly in the
1980s than in the 1970s. A major question for analysts
of the energy demand outlook is whether the trend in the
future will be more like that of the 1980s or of earlier
decades. Clearly the intensity of energy use will be
influenced in the future, as it has been in the past, by
energy prices, demographic developments, technological
change and, importantly, by consumer and industry
preferences about the acquisition and use of appliances
and machinery. These issues are discussed more
extensively below.

There are, however, certain features of the response
to the energy price shocks of the 1970s and 1980s which
have permanently changed the relationship between
economic activity and energy demand. Today's energy-
using equipment differs greatly from that of the early
1970s:

• The thermal efficiency of both existing and new
buildings is much higher and building codes ensure
that there will not be a reversion to previous, less
efficient, standards.

• Energy-using equipment, be it household
appliances or industrial machinery, is more
efficient and efficiency standards have been
introduced which will lead to even further
improvements.

Energy intensity is not a measure ol' the efficiency of energy use.
Changes in it reflect not only changes in efficiency hut also other lac-
tors such us shifts in economic activity from one industry to another
(because different production processes require quite different
amounts of energy use per unit of production), changes in consumer
preferences (a large car requires more energy than does a small car
even though the efficiency of the engines may be similar). This dis-
tinction between efficiency and intensity is frequently ignored when
international comparisons of energy use are made. For a number of
reasons - distance, climate, the nature of the economy - Canada uses
much more energy per unit of output than many other countries but
this is not necessarily indicative of the efficiency of energy use in spe-
cific tasks.
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As noted, however, consumer attitudes and
behaviour with respect to the acquisition and use of
energy-using equipment, as reflected, for example, in the
purchase of smaller, lower powered vehicles, remain
major uncertainties which can have large impacts on
energy use.

Increasing use of integrated resource planning
among electricity and natural gas local distribution
companies is also beginning to influence the demand for
energy. Using this process, utilities assess the cheapest
means of supplying customers with the services deriving

from energy use such as space heating or lighting. This
may involve using demand side management programs
to pay consumers to install devices such as more
insulation or more efficient light bulbs so that required
levels of warmth and light are provided using less energy.

We have incorporated an allowance for the effect
of demand side management programs on electricity; the
practice is not yet widespread in natural gas utilities.
Estimates of electricity savings were developed in
consultation with electric utilities. Projected electricity
demand was adjusted downwards by some 120

FIGURE 4-1
Canadian End Use Energy Demand
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petajoules by 2010, about five percent of the total
estimated for that year. We have not attempted to allow
for incremental DSM programs by natural gas utilities
or for expansion of programs already in place.

The incorporation of new technologies in
consumer appliances and industrial machinery and
equipment is also likely to have an important effect.
Technologies are now available, but not yet
commercially viable, which make much machinery and
equipment more energy efficient than existing
commercial models. Many of these technologies could
become viable over our study period either as a result of
further technological development or as a result of policy
changes designed, for example, to limit the growth in
greenhouse gas emissions.2

In this report we have concentrated our energy
demand analysis on assessing the implications of
variations in two important factors affecting energy
demand, natural gas prices and the structure of the
economy, rather than addressing the full range of
uncertainty with respect to future energy demand. We
believe that the full range of possible future outcomes is
better reflected in the wider range of uncertainties
analyzed for the 1991 report, much of which we think
remains valid (Figure 4-3). In that report we argued that
it was plausible that total end use energy demand in
Canada could be as low as 8 500 petajoules or as high
as 11 000 petajoules by 2010 (compared to the 1993 level
of about 7 500 petajoules).

Total End Use Energy Demand

The three cases analyzed imply growth of end use
energy demand over the next 15 years of about 1.5 to 2.0
percent per year, somewhat lower than the growth of the
1970s. However, projected growth is about double that
experienced in the 1980s and is a consequence of the
joint effects of a number of assumptions and factors:

• All of our price projections imply moderate rates
of increase at the burner tip, so that there is not a
strong additional incentive to improve the
efficiency with which energy is used.

• The effect of the sharp price increases of the 1970s
and early 1980s in restraining growth in energy
consumption is diminishing as the replacement of
the old stock of appliances and equipment with
new, more energy-efficient equipment is completed.

• The structure of economic growth in our
projections is such that energy-intensive goods-
producing industries grow more rapidly in all cases
than they did in the past decade.

The intensity of energy use continues to decline
throughout our study period in all three cases examined
but its rate of decline is less than half that of the late

2 We commented extensively on the potential impact of new technology
on energy demand in our 1991 Report. See, for example, pages 294-
301. In our opinion much of that analysis remains valid.

FIGURE 4-3
Canadian End Use Energy Demand - Ranges of Projections
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1970s and 1980s in the Current and High Tech cases. In
the Alternative Macro case (in which High Tech/low gas
prices prevail and economic growth is concentrated in
energy-intensive industries) there is an even more
modest rate of decline.

Natural gas prices and the composition of
economic activity have an important impact on energy
demand. Energy use by 2010 is almost 1 000 petajoules
higher in the Alternative Macro case than in the Current
Tech/high gas price case in which economic growth is
less energy intensive. This represents some ten percent
of the Current Tech level of energy use. The prices of
particular energy forms have an effect, not only on total
energy demand but on the shares of the different energy
forms. For example, in our High Tech case, where
burner tip gas prices are some 30 percent lower by 2010
than in the Current Tech case, total energy demand is
some four percent higher and natural gas demand almost
30 percent higher in that year.

End Use Energy Demand by Sector

Transportation and industry together account for
the largest share of energy consumption in Canada
(Figure 4-4). Transportation energy use, which consists
almost entirely of petroleum products, dominates end
use oil demand. Industrial energy use is strongly
affected by the level and structure of economic activity.

The projected growth in total end use energy
demand is a result of different trends in the energy-using

sectors - residential, commercial, industrial and
transportation.

The analysis of all three cases implies growth in
total residential energy use (Figure 4-5) at a rate very
similar over our projection period to that which occurred
in the past two decades, namely somewhat less than one
percent per year. This results from the offsetting effects
of a number of developments:

• In our analysis the number of households and
income per household grow at considerably slower
rates over the study period than they have in the
past (tending to moderate growth in energy use).

• Average residential energy prices grow at a much
more modest rate than in the recent past (tending
to accelerate growth in energy use).

The net result of these forces is unchanged growth
in household energy use.

The overwhelming proportion of residential energy
use, about 80 percent, is for space and water heating in
which electricity, gas, light fuel oil and, in some regions,
wood are usable and substitutable. The remainder of
energy use is largely electricity-specific in that it consists
of energy for lighting and appliances.

Use of natural gas and electricity for space heating
rises over our study period at the expense of oil.
Electricity use for space heating is concentrated in the
Atlantic provinces where gas is not available at present,
and Quebec where there is a strong preference for

FIGURE 4-4
Sectoral Shares of End Use Energy Demand - 1991
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electricity. The electricity share of household energy
use also reflects the rising energy demand associated
with an increasing number and variety of electrical
appliances.

Our analysis suggests that the impact of the lower.
High Tech, natural gas prices on total household energy
demand is small. This is not surprising. Gas is already
the fuel of choice for residential space and water heating
in all provinces west of Quebec. In Quebec, even with
the substantially lower High Tech gas prices, natural gas
use changes little. Total household energy demand is
marginally higher as a result of the lower gas prices in
the High Tech case - lower gas prices reduce consumers'
gas bills leaving larger amounts of income available to
purchase other goods and services, some of which use
energy. The Alternative Macro case reduces household
energy demand, but very slightly, relative to the High
Tech case because personal income growth is marginally
lower in that situation.

Energy use per household continues to decline in
the projection period but at a much slower rate than in
the recent past. This is the net result of a number of
factors which influence household energy demand:

• The thermal efficiency of the housing stock is
improving.

• Higher efficiency equipment for space and water
heating replaces old equipment.

• Increasing ownership and use of electronic
equipment by households tends to increase intensity.

• Our demographic projection features a decline in
the average number of persons per household
which reduces energy use per household.

The commercial sector (Figure 4-6), which
includes all of the service-producing industries and
institutions such as banks, retail stores, government
administration and hospitals, uses energy in ways similar
to households. As the Canadian economy became more
service-oriented during the past several decades, the
commercial sector grew rapidly. Like other
organizations commercial enterprises sought ways to
reduce energy expenditures as energy prices rose in the
1970s and early 1980s. Combined with more stringent
building standards, the price increases led to construction
of more energy efficient office space and improved
efficiency of space heating and lighting. On the other
hand, technological developments and measures to
enhance productivity in the work place resulted in
greater use of electricity-using equipment such as
personal computers, laser printers and fax machines
contributing to an average annual growth in commercial
electricity demand of close to 4.0 percent per year
between 1980 and 1991. Nonetheless the impact of the
rapid increase in average energy prices during those
years, combined with government programs inducing
energy conservation, resulted in an appreciable decline
in energy intensity: commercial energy demand rose at
only about half the rate at which its output increased in
the period 1973 to 1991.

FIGURE 4-5
Residential Energy Demand by Fuel
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Our analysis has energy use in the commercial
sector continuing to grow at a rate similar to that of the
recent past - between 1.2 and 1.4 percent per year.
Although our economic projection has commercial sector
activity increasing at a considerably slower rate than in
the past, the rate of energy price increase is also much
lower than that experienced over the past fifteen years.
This results in a smaller economic incentive to use more
energy-efficient equipment and, consequently, the rate of
decline in energy intensity in the commercial sector is
projected to be considerably lower than in the past.

In all three cases analyzed, electricity's share of
commercial energy demand increases at the expense of
natural gas and light fuel oil. This reflects the relatively
large proportion of commercial sector energy use that is
electricity-specific but also the assumption that offices
will become even more "electronic" over our study period.

In the High Tech case, in which commercial natural
gas prices are about 30 percent lower in 2010 than under
Current Tech assumptions, natural gas captures a
modestly greater share of the space heating market at the
expense of light fuel oil.

In the Alternative Macro case, growth in commercial
economic activity is slower and this modestly reduces
commercial energy demand. The difference between the
highest and lowest cases is small, however, amounting to
some 40 petajoules (3.5 percent) in 2010.

The industrial sector (Figure 4-7), which includes
goods-producing industries in the economy, is very
energy-intensive. It accounts for about one-third of total
end use energy demand, the largest share of any sector.

Both of our economic projections have industrial
economic activity growing more rapidly over our study
period than it has during the past two decades and, in all
cases analyzed, industrial sector energy demand growth
is at least double what it was over the past 20 years. The
increase in end use industrial demand occurs
notwithstanding a decline in energy intensity. This
decline reflects, in part, the adoption of more energy-
efficient industrial processes in many industries over our
study period and the impact of the recycling of some
commodities such as aluminum, steel and newsprint.

Industrial energy demand is lowest in the Current
Tech case and highest in the Alternative Macro case.
This is to be expected since the Alternative Macro case
combines faster growth in energy-intensive production
with lower gas prices.

In the High Tech case lower gas prices by
themselves have a modest impact on total industrial
energy demand but they have a strong impact on its
composition by fuel type. In the Current Tech case, in
which natural gas prices rise rapidly relative to those of
competing energy forms, we project a substantial
reduction in the share of industrial natural gas use.

In this case heavy fuel oil is substituted for natural
gas. The extent to which HFO can be substituted for gas
has been a controversial aspect of our analysis in the past.
In the course of our consultations many observers and
analysts argued that, because heavy fuel oil use declined
dramatically between the early 1970s and the present,
neither the transportation infrastructure nor the industrial
facilities to burn it have been preserved at previous

FIGURE 4-6
Commercial Energy Demand by Fuel

petajoules

1200-

8 0 0 -

4 0 0 -

Other

Electricity

Cas

1971 1991 CT-2010 HT-2010 AltMacro-2010

TRENDS AND ISSUES 23



levels. As a consequence they argued that there is very
limited scope for switching by industrial consumers from
natural gas back to heavy fuel oil in response to relative
price changes.

In our view, unless there are legislated barriers to
the use of an energy form, its use can be expected to
respond to changes in relative prices over a period as
long as our study period. We recognize, however, that
the costs of switching may be higher now, perhaps
appreciably so, than they were in the past. As noted we
allowed for this by raising the price of heavy fuel oil used
in our analysis by a substantial amount relative to the
crude oil price.

Our analysis suggests that, should natural gas
prices rise relatively rapidly, as in the Current Tech case,
it is at least plausible that the use of heavy fuel oil in the
industrial sector could rebound to levels of the early
1970s. Should natural gas prices rise more modestly
relative to oil prices, as in the High Tech case, the HFO
share would remain near its present level, implying a
small increase in HFO use over our projection period.

Another noteworthy feature of the industrial sector
fuel distribution over the study period is that, in all three
cases, the electricity share rises reflecting the increasing
use of electrical processes in, for example, the pulp and
paper, smelting and refining, and iron and steel industries.

Transportation energy use is dominated by use
in road vehicles which at present accounts for some 80
percent of the total transportation energy used in Canada.
The remainder consists of energy used by air, rail and
marine industries.

Transportation energy use consists almost entirely
of refined petroleum products. Limited amounts of
natural gas and propane are used in road vehicles. We
have allowed for a very modest increase, from 32
petajoules in 1991 to 57 petajoules in 2010, in the use of
natural gas and propane in vehicles over our projection
period. These fuels tend to be most economical and
convenient when used in commercial vehicle fleets.
Their use in private vehicles is limited at present by the
lack of an extensive fuel distribution network.

Automobile energy demand, which consists almost
entirely of motor gasoline, is projected to grow at a rate
of about 1.6 percent per year over our study period, an
increase from the rate of the past 18 years. This is the
net result of our assumptions about the key determining
variables; the size of the car fleet, its average efficiency,
and the average annual distance driven per vehicle. We
have projected growth in the automobile stock of close
to two percent per year over our study period, reflecting
more slowly growing personal disposable income over
our study period than in the past as well as more
moderate growth in the number of households.

New car fuel efficiencies improved dramatically in
the 1970s and early 1980s as the price of gasoline rose
sharply and Corporate Average Fuel Economy (CAFE)
standards were imposed in the U.S. by the federal
government to regulate the fuel efficiency of new cars.
Since 1983, however, the fuel efficiency of new cars has
stabilized at about 10 litres per 100 kilometres as
consumers' tastes shifted back towards larger vehicles in
an era of declining real gasoline prices. We have

FIGURE 4-7
Industrial Energy Demand by Fuel
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maintained the average new car fuel efficiency at this level
throughout our projection period. This assumption is
consistent with only modestly increasing world oil prices
and assumes that CAFE standards remain at present levels.

Truck energy demand is more difficult to analyze.
The share of light trucks in the truck fleet has been
increasing. Light trucks are, to a considerable but
unknown extent, used as passenger vehicles by
households rather than as commercial vehicles. This is
important because commercial enterprises use vehicles
much more intensively than do households.

Our projection assumes that, reflecting recent
trends, medium-sized trucks will increasingly use diesel
fuel and that the medium and heavy truck fleet will
increasingly consist of extra heavy trucks. Both of these
developments reflect a desire on the part of operators
both to economize on energy costs and to maximize
payload efficiency. Truck energy demand is projected
to grow at about 1.5 percent per year over our study
period, a rate about three-quarters that of the past 18
years.

Truck energy consumption growth is modestly
higher in the Alternative Macro case. The assumed shift
of economic activity away from services and towards
energy-intensive goods production in that case implies
a greater demand for transportation services.

Energy use in air transport is projected to grow at
2.7 percent per year, a rate somewhat higher than the past
18 years (1.5 percent per year), reflecting higher growth
in air passenger kilometres and little change in average
aircraft fuel efficiency. The existing fleet is large enough
to handle most projected growth.

Energy use by the rail and marine industries is
projected to grow about 1.5 percent per year over our study
period, higher than has recently occurred. This reflects our
projection of strong growth in the industrial economy and
some slowing of the rates of fuel efficiency improvement.

In total, transportation energy demand in Canada
(Figure 4-8) is projected to rise, under our assumptions, at
about 1.7 percent per year over our study period compared
to 0.9 percent per year in the period since 1973. Our
analysis suggests that transportation will continue to be
fuelled to an overwhelming extent by refined petroleum
products. Further, the continued increasing dieselization
of the truck fleet implies that the use of diesel fuel will
continue to rise relative to the use of motor gasoline.

Energy commodities are also used for non-energy
uses such as feedstocks for petro-chemical production,
the production of asphalt and lubricating materials.
Petro-chemical feedstock use accounts for about two-
thirds of the non-energy use of hydrocarbons.

We have allowed for an expansion of non-energy use
of hydrocarbons of about 375 petajoules per year by 2010
from its current level of 650 petajoules. Most of the increase
is accounted for by an increase in the demand for natural
gas and natural gas liquids as petro-chemical feedstocks.
The increase is higher in the High Tech case, about 415
petajoules, since natural gas feedstock is cheaper.

End Use Energy Demand by Fuel and Region

In general regional growth in end use energy
demand reflects regional demographic changes and the
regional distribution of economic growth which
underlies the economic projection outlined in Chapter 2.

FIGURE 4-8
Transportation Energy Demand By Fuel
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The High Tech/low gas price case (Figure 4-9)
generates higher growth in end use energy demand than
the Current Tech/high gas price case in all provinces
west of Quebec. There is no difference in the Atlantic
region because, although gas may be available from
Sable Island toward the end of the projection period in
the Current Tech case, we have not accounted for it in
our demand projections. There is a minimal effect on
total energy demand in Quebec because of the small
share of natural gas in that province's fuel use mix.

The Alternative Macro case, however, generates
higher energy demand growth in all regions with the largest
increases occurring in Quebec, Ontario and B.C. This

regional impact reflects the geographic distribution of
energy-intensive, goods-producing industries whose
output, and therefore energy demand, is higher in the
Alternative Macro case. For example, pulp and paper are
important in Quebec and B.C. and iron and steel in Ontario.

Regional fuel use varies because of the availability
of natural gas and renewable energy forms, different
relative energy prices and different consumer
preferences across provinces (Figure 4-10).

In the Atlantic region our projections (Figure
4-11) have total end use energy growing from 514
petajoules in 1992 to between 625 and 660 petajoules in
2010 depending on the economic growth assumptions.

FIGURE 4-9
Regional End Use Energy Demand - 2010
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The major development in fuel use has been a
dramatic shift away from oil used for non-transportation
purposes towards electricity and renewable energy,
largely in the form of wood and wood wastes. Our
analysis suggests a moderate continuation of the
tendency to substitute electricity for non-transportation
oil use. This is primarily due to a shift towards
electricity in residential and commercial space-heating
uses reflecting the assumed relative decline in
electricity prices. Although the use of renewable
energy continues to increase moderately, its share of
total energy use declines slightly in all cases. This
largely reflects physical constraints on further increases

in the use of wood among households. Wood is already
extensively used in rural areas of the Atlantic region and
is unlikely to penetrate urban areas because of the high
cost of transportation and the inconvenience of storage
and use.

In our analysis, the pattern of fuel use in Quebec
(Figure 4-12) is sensitive to the path of natural gas prices.
In all three cases there is a shift towards increasing use
of electricity. In the Current Tech case the shift is
entirely at the expense of natural gas as gas prices in that
case rise relative to those of electricity and oil products,
particularly heavy fuel oil. In the Current Tech case,
natural gas use in Quebec actually falls from current

FIGURE 4-11
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levels by the end of our study period, because gas prices
in Quebec are the highest in the country. In the High
Tech and Alternative Macro cases, natural gas prices
increase at a much lower rate. In these cases natural gas
preserves its market share; it increases from I 520
petajoules in 1992 to between 1 935 and 2 100 petajoules
in 2010, at the expense of oil used for non-transportation
purposes, largely heavy fuel oil in industrial use.

In Ontario, fuel shares change little (Figure 4-13)
over our study period except in the Current Tech case in
which the sharp increase in the price of natural gas
relative to electricity and oil products causes gas use to

decline in relative terms and the shares of other fuels to
increase modestly. Should natural gas prices increase at
the more moderate rate of the High Tech case, which is
also a feature of the Alternative Macro case, there is
very little change in the distribution of fuel use over our
study period.

In the Prairie provinces total end use energy is
projected to increase from 1 777 petajoules in 1992 to
between 2 470 and 2 750 petajoules in 2010 (Figure 4-
14). Much of the projected increase and most of the
difference between the two cases in 2010 result from
developments in Alberta. In that province natural gas use

FIGURE 4-13
End Use Energy Demand by Fuel - Ontario
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is dramatically higher in the High Tech and Alternative
Macro cases as petro-chemical production is higher and
use of natural gas in bitumen production expands
substantially. The price sensitivity of natural gas use in
bitumen production also generates the different fuel
distribution in 2010 in the Current Tech as compared to
the other cases.

In Manitoba and Saskatchewan, growth in end use
demand is modest in all cases and the shifts in the
distribution of fuel use across the three cases are not large.
This reflects the limited substitutability between natural
gas and other fuels, particularly in industrial processes.

In British Columbia the pattern of energy use in
all of our cases (Figure 4-15) evolves over our study
period in the same direction as it has in the past 20 years
although at a more moderate rate. Electricity and natural
gas both increase in relative terms at the expense of oil
in non-transportation uses. Even in the Current Tech
case natural gas use continues to increase in B.C. in
relative terms, reflecting low natural gas prices relative
to other energy forms.

In the Current and High Tech cases, the share of
renewables declines slightly in B.C. This reflects a
relative slowing in the growth of the pulp and paper

FIGURE 4-15
End Use Energy Demand by Fuel - BC*
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industry and some increase in the use of electricity in
that industry as new processes are adopted which
reduce wood waste. In the Alternative Macro case the
pulp and paper industry enjoys more rapid growth and
the use ofrenewables maintains its share over the study
period.

At the national level (Figure 4-16), although the
use of all energy forms increases over the study period
in all three cases, the distribution is substantially affected
by the path of relative energy prices. Natural gas use
increases in all three cases but, in the Current Tech case
where prices rise relative to those of other fuels, its rate
of increase is substantially smaller than in the other cases
and its share of total energy use actually shrinks.

Our analysis demonstrates some of the sensitivity
of total energy use in Canada to developments in energy
prices and in the structure of the economy. The
combination of projected moderate increases in natural
gas prices and economic growth highly concentrated in
energy intensive industries produces a difference of
about 10 percent or 1 000 petajoules in the level of
energy use in 2010 between the lowest and the highest
case. As noted these are not, in our view, the boundaries
of the plausible range of energy demand over the study
period. Demand could well be sustained at a level
considerably below the bottom end of this range if
consumer and industry preferences were to result in
purchases of appliances and equipment which are more
energy-efficient and if existing technology were to
become commercially viable over the study period.

Total Primary Energy Use

The total amount of an energy commodity used is
equal to the end use demand plus amounts used in the
production and transportation of energy. For example
the total amount of natural gas used in the economy is
equal to the sum of the amount represented by end use,
the amount of gas used in the production of oil and
natural gas and, the amount used in the generation of
electricity. Thus total primary energy used is about 20
percent larger than total end use energy.

Electricity does not appear in a portrayal of
primary energy use (Figure 4-17) because it is a form of
energy "manufactured" from basic energy sources: fossil
fuels, uranium or water. Almost 80 percent of coal used
in Canada is for the generation of electricity.

Little oil is used in the generation of electricity
and oil used to produce and transport oil and gas is
relatively small. As a consequence, the range of our
projection for primary oil use is similar to the range
discussed above.

The total amount of natural gas used in Canada will
be influenced, perhaps strongly, by the extent to which it
is used in electricity generation. Our analysis, outlined in
the following chapter, suggests that, if price increases are
moderate, gas used in electricity generation could increase
substantially from 1 19 petajoules in 1992 to 535
petajoules in 2010. As a consequence the projection of
natural gas use associated with the High Tech/low price
case is considerably larger than High Tech end use
demand. Increased gas use in electricity generation would
tend to reduce the need for new coal and hydro projects.

FIGURE 4-17
Primary Energy Demand by Fuel - Canada
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Chapter 5

ELECTRICITY

The electricity supply industry in Canada and the
U.S., as in many other countries, is undergoing
substantial change:

• Load growth has been much less than earlier
anticipated so that many utilities in North America
have an excess of generating capacity over current
demand levels.

• Uncertainty about future load growth, concerns
about generation costs and the environmental
consequences of electricity production have led
utilities in both Canada and the U.S. to reassess
their planning strategies.

• Some utilities are using a broader framework
(integrated resource planning) to assess all costs,
including such social costs as those associated with
environmental degradation, of providing electricity
services. In this context, the management of
demand is considered as an alternative to the
provision of additional supply.

• Further, utilities are less willing than previously to
engage in construction of large-scale projects with
long lead times and to enter into long-term firm
power purchase contracts.

• The development of more efficient gas-fired
combined cycle technology, and the emergence of
independent power producers together with their
potentially lower environmental impacts and small
scale, have led to more use of gas in electricity
generation than a decade ago, especially in the U.S.

• The 1992 U.S. Energy Policy Act gives the FERC
powers to order transmission-owning utilities in
the U.S. to provide transmission access to others.
This is leading to increased electricity trade as the
FERC encourages regional groupings of utilities
and non-utility generators to implement open
access on a voluntary basis.

• Canadian utilities have an interest in developments
south of the border because they are inter-
connected with their U.S. neighbours and engage
in important amounts of cross-border trade.

• Partly as a result of developments in the U.S., there
is interest in Canada in the potential for enhanced
interprovincial cooperation and trade in electricity.

An implication of these factors taken together is
that the range of supply options open to an individual
utility is likely to be much larger in the future than it has
been in the past.

At present, electricity generating systems in many
provinces are characterized by large capacity surpluses.
This is particularly true in Manitoba, the Maritime
provinces, Ontario and Saskatchewan. The extent of the
surpluses is such that, in these provinces, large base-load
capacity additions are not required, given our load
projections, until relatively late in the study period, or
beyond. This has a major influence on the generation
expansion programs that were developed in our analysis.

The focus of our analysis is on the implications for
fuels used to generate electricity, and the amounts of
interprovincial and international trade: we examine three
different cases. The first two cases correspond to the
Current and High Tech cases that are addressed
throughout this report and differ with respect to gas price
profiles. In the Atlantic provinces, where gas is not
currently available, there is no difference between these
two cases.

In both the Current and High Tech cases we
assumed that generation planning would continue to be
done on an individual provincial basis. In the third case,
we assumed that generation planning would be
conducted on a regional rather than a provincial basis
where there appeared to be economic advantages in
doing so. This case, the Enhanced Cooperation case1,
assumes a considerably greater degree of inter-utility
cooperation than exists at present. An inherent
requirement of this case is that there would be open
access to transmission networks.

In all three cases, Canadian electricity demand is
projected to grow at just over two percent per annum
from 477 terawatt-hours in 1992 to almost 700 terawatt-
hours in 2010. At present, exports of electricity to the
U.S. are driven largely by the availability of surplus
power in Canada, and it was assumed that this would
continue. Exports remain a relatively small proportion
of Canadian generation.

1 In the Enhanced Cooperation case, we assumed the same gas price
profile as thai used in the Current Tech ease.
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To facilitate our analysis, estimates were made of
the unit costs of alternative sources of incremental
electricity supply in each province. We assumed that the
moratorium on nuclear expansion in Ontario would
remain in force, and that no new nuclear units would be
installed elsewhere in Canada during the study period.
The analysis indicated that, in general, hydropower is the
least costly source of new major generation in B.C..
Manitoba and Quebec, and fossil-fuelled generation is
least costly in Alberta, the Atlantic provinces, Ontario
and Saskatchewan.

In the Current Tech case, the estimated unit costs
of gas-fired generation are substantially higher than
those of alternative hydro and coal-fired projects. In the
High Tech case, with gas prices considerably lower than
in the Current Tech case, the costs of gas-fired generation
remain generally higher than the alternatives, but the
differences are much smaller. In this situation, other
factors that are important to the selection of types of
generation additions, such as size of capital requirement,
lead time, efficiency, and environmental and social
impacts, tend to favour natural gas. Therefore, in the
High Tech case, we allowed for increased installation of
gas-fired combined cycle generating capacity in all
provinces where gas is available.

There are potential hydro-electric projects, with
relatively low unit costs, in Labrador and Manitoba that
are too large in scale to be developed to serve
intraprovincial markets. However, these projects, if
developed to supply regional load growth, could reduce
the overall cost of generation in certain regions of the
country. In our Enhanced Cooperation case, some of
these projects are assumed to proceed.

Electricity Production by Fuel Type

The projected levels of electricity production and
changes in the distribution of fuel types in our three
cases are illustrated in Figure 5-1. In all three cases,
hydro generation continues to be the dominant source of
electricity, although its relative share diminishes by
2010. Growth in fossil-fuelled generation is strongest
in the Current and High Tech cases and lowest in the
Enhanced Cooperation case. In the Current Tech case,
coal-fired generation expands most, increasing its share
from 16 to 20 percent. In this case, the share of gas-fired
generation increases from three to five percent, mainly
because of the installation of short lead time generating
capacity by utilities and the expansion of independent
power production, much of which is already contracted

FIGURE 5-1
Electricity Production by Fuel Type
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for. Gas-fired electricity production in the High Tech
case is double that in the Current Tech case by 2010 as
additional gas-fired combined cycle capacity displaces
some new hydro and coal-fired projects. Natural gas
used in electricity generation increases from 1 19
petajoules in 1992 to 245 petajoules and 535 petajoules
in 2010 in the Current and High Tech cases, respectively.

The greater use of hydropower generation in the
Enhanced Cooperation case, relative to the other cases,
is due to the development of new, large hydro-electric
projects in Labrador and Manitoba to supply loads in the
Atlantic provinces, Manitoba, Ontario and
Saskatchewan. This results in a reduction in relatively
expensive coal-fired and "other" (mainly oil-fired)
generation relative to the Current Tech case. Quebec
continues to install relatively low-cost hydro generation
to supply its own load and continues to sell surplus
power to neighbouring systems.

The outcome of the Enhanced Cooperation case is
that no new fossil-fuelled generating capacity is required
in the second half of the next decade in any province
from Newfoundland to Saskatchewan. The total saving
in incremental thermal capacity is almost 3 800
megawatts. It is estimated that the unit cost of supplying
incremental load using hydropower in the Enhanced
Cooperation case is approximately 75 percent of the
corresponding cost of using mainly fossil-fuelled
alternatives in the Current Tech case.

Electricity Trade

All adjacent provincial electricity transmission
networks are interconnected. Also, apart from Alberta,
all provinces that border the U.S. have transmission links
to neighbouring U.S. systems. These interconnections
allow trade to take place, and the exploitation of trade
opportunities reduces the total cost of electricity supply
within trading regions. Provinces that possess abundant
hydro-electric resources have a substantial cost
advantage, both in the long and short run, over those
provinces and neighbouring regions of the U.S. that
depend mostly on fossil-fuelled generation. Further,
some provinces that have nuclear and coal-fired
generation can enjoy cost advantages in the production
of electricity over nearby provinces and U.S. states.

The magnitude of both interprovincial and
international electricity trade, today and in the future,
depends on the relative mix of fuels used for electricity
generation in each province. Since we assume that
exports will continue to depend largely on the
availability of surplus power, an inherent feature of our

analysis is that electricity trade declines as existing
surpluses are used up.

In 1992 the hydro-rich provinces of B.C.,
Manitoba, Newfoundland and Labrador, and Quebec
sold power to other provinces and to the U.S. (Figure 5-
2). In addition, New Brunswick and Ontario sold
relatively low cost surplus nuclear and coal-fired
generation to neighbouring systems. Alberta sold low
cost coal-fired generation to B.C., some of which was
resold in the U.S. Net electricity exports to the U.S. in
1992 were in excess of 24 terawatt-hours, about five
percent of total Canadian generation.

In the Current Tech case, the general pattern of
trade in most regions in 2010 remains similar to that in
19922. The one major change in the pattern of
international trade over the study period is the assumed
return to B.C. of downstream Columbia River benefits'.
This results in B.C. becoming a net importer of
electricity by the end of the century. Canadian net
exports of electricity to the U.S. in 2010 in the Current
Tech case are estimated to be somewhat less than 16
terawatt-hours. about 35 percent lower than in 1992.
This is equivalent to just over two percent of total
generation in Canada by the end of the study period.

In the High Tech case, which is not illustrated in
Figure 5-2, the pattern of trade in 2010 is similar to that
in the Current Tech case. Interprovincial and
international transfers from B.C., Manitoba and Quebec
are slightly less by the end of the study period compared
with the Current Tech case because of the substitution
of gas-fired combined cycle capacity for some new
hydro projects in these provinces in the latter part of the
study period. The only other significant change is that
transfers from Alberta to B.C. are much reduced
compared with the Current Tech case. This occurs
because, in the High Tech case, gas-fired combined cycle
units, which have a relatively high fuel cost, are
substituted for some of the new, low fuel cost coal-fired
units that are included in the Current Tech case.

Since 1992 w;is not an average hydro production year, the comparison
between 1992 and 2010 of sales from the hydro-rich provinces is
somewhat misleading; over the projection period average hydro pro-
duction conditions were assumed. For example, the apparent increase
in transfers from Labrador to Quebec between 1992 and 21)10 is due
to the fact that 1992 was a below-average production year at the
Churchill Falls hydro-electric development.

The Columbia River Treaty provides that the power generated at
hydro-electric plants on the U.S. portion of the Columbia River which
is attributable to streamflow regulation from storage reservoirs in
B.C.. and which were sold to the U.S.. will he returned to the Province
of British Columbia starting in 1998. B.C. will have to choose
between recovering the power for domestic use or reselling it in the
U.S.
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FIGURE 5-2
Net Electricity Trade
(Giguwatt hours)
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The pattern of interprovincial and international
electricity flows in 2010 is substantially changed in the
Enhanced Cooperation case. Most of the generation
from the new hydro-electric projects on the Lower
Churchill River in Labrador is transferred through
Quebec to the Maritimes and Ontario, and a portion is
transmitted through a new submarine cable to the island
of Newfoundland. Most of the additional hydro-electric
production in Manitoba flows to Ontario and
Saskatchewan to displace projected fossil-fuelled
generation in those provinces. In the Enhanced

Cooperation case, it was assumed that B.C. would resell
its entitlement of power from downstream Columbia
River hydro projects in the U.S markets since there may
be economic benefits in doing so. As a result, B.C.
remains a net exporter of electricity. Total Canadian
exports to the U.S. in this case are almost 20 terawatt-
hours, or just less than three percent of total Canadian
generation. Interprovincial flows in 2010 in this case are
approximately 75 percent more than in the Current Tech
case.
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Chapter 6

NATURAL GAS

For most of the past decade the natural gas industry
in North America has been in a state of transition.

During the late 1970s and early 1980s natural gas
prices in the U.S. and Canada had been regulated at
sufficiently high levels that the use of gas was
discouraged but producers had a strong incentive to
explore for new reserves. In Canada, the Board's use of
quantitative surplus tests in its regulation of gas exports
tended to restrict access to U.S. markets by Canadian
producers. By the mid-1980s, productive capacity
greatly exceeded the demand for natural gas and large
volumes of gas were shut in.

In 1986 administered prices for natural gas were
eliminated in Canada; a gradual phase-out began in the
U.S. in 1978, resulting in complete deregulation of
wellhead prices in 1993. Price deregulation was
accompanied by the opening up of access to pipelines
and revisions to the Board's export surplus determination
procedures in 1987. Natural gas is now traded in an
increasingly integrated and competitive North American
marketplace.

Because price deregulation occurred at a time when
there was a large surplus of productive capacity, natural
gas prices subsequently declined precipitously in North
America, falling by about one-half between 1986 and

1992. The decline in prices induced an appreciable
increase in the demand for natural gas, especially in the
U.S. Producers met the increasing demand by drawing
on existing productive capacity; the very low prices
combined with large excess productive capacity
effectively eliminated any incentive for producers to
search for and develop new gas reserves. These
phenomena produced a gradual decline in excess
productive capacity so that, at present, natural gas
markets in North America are roughly in balance (Figure
6-1). The decline in excess productive capacity was
mirrored in a steady decline in the ratio of remaining
reserves to production in Canada and the U.S. as the
distortions induced by price and export regulation were
worked off. Over the past two winters there have been
increasing signs of price firmness; indeed, on an annual
average basis, natural gas fieldgate prices in Alberta
increased in 1993 by 27 cents to $ 1.58 per gigajoule1, the
first increase in 10 years (Figure 6-2).

One gigajoule is approximately equal to .95 million Btu or °5 thou-
sand cubic feet.

FIGURE 6-1
Canadian (las Annual Productive Capacity and Production
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Analytical Framework

The Board bases its analysis of natural gas supply
on the premise that natural resource commodities are
exhaustible and that replacement and production costs
increase as the resource is exploited. Though many, if
not most, analysts accept this assumption in a very long
run context, it is increasingly questioned whether it is an
appropriate assumption for analysis over shorter periods
such as 10 to 20 years. Moreover the history of mineral
commodity prices reveals that supply costs and hence
prices of some commodities tend to remain flat over
their period of exploitation. This suggests that the path
of supply costs may not behave in accordance with the
exhaustible resource view.

Estimates of the size of the natural gas resource
base have steadily increased over time as cumulative
production and remaining gas reserves have increased
(Figure 6-3). Indeed, discovered reserves in 1992 were
greater than estimates of the ultimate potential of the
basin in the early 1970s. It is noteworthy that these
estimates relate to "conventional" gas resources only,
i.e., those in geological formations which can be
exploited with currently available technology. So called
unconventional resources such as gas present in coal
seams and in formations of low permeability are known
to be large. Because they cannot be profitably produced
with current technology they have not been included in
previous analysis by the Board.

FIGURE 6-2
Alberta Fieldgate Gas Prices
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FIGURE 6-3
Gas Resource Potential - Western Canada Sedimentary Basin
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Perceptions of the size of the resource base are
linked to current opinion on possible trends in the cost
of incremental gas supply. Though analysts have
generally assumed that finding and production costs of
gas will increase in the future, there is limited and
ambivalent evidence of such a trend in the historical
record; the presumed date for the commencement of
increasing costs of resource exploitation continues to be
pushed into the future. In fact, exploration and
production costs for natural gas have declined in recent
years. The energy "shocks" of the seventies make recent
data hard to interpret, but finding and production costs
for Alberta in 1991 appear to have been lower than in
1981; they declined from an estimated $1.00 per
gigajoule in 1981 to $.65 per gigajoule in 1992. B.C.
has experienced a substantial decline since 1984.

An alternative view of the prospects for the supply
of gas infers from such evidence that a combination of
improved geological understanding and steady advances
in exploration and production technology continually
operate to allow incremental reserves to be found and
produced at a relatively constant cost. There is a large
and growing body of literature documenting advances in
hydrocarbon finding and production technology and
analysts are increasingly allowing for future
technological progress in their projections.- There are
numerous examples of recent technological advances in
exploration (e.g., three-dimensional seismic analysis),
drilling (the use of measurement while drilling, the
availability of more durable bits and better drilling mud)
and production (use of hydraulic fracturing techniques,
and of continuous production tubing).

Thus, a key element of our analysis focuses on
exploring the implications for North American gas
markets of two alternative views of gas supply prospects:

• The conventional resource will continue to
comprise the bulk of production over our study
period, and it will be increasingly expensive to
exploit (the Current Tech view).

• New advances in technology and geological
knowledge will prevent the cost of finding and
developing new gas reserves from rising
appreciably. Additionally, improved technology
could result in unconventional resources being
developed at costs similar to those of conventional
gas (the High Tech view)'.

These alternative views are reflected in the
relationships between the costs of supplying new gas
reserves and cumulative reserve additions (supply cost

curves) shown in Figure 6-4. In the Current Tech case
the 1994 supply cost curves are based on our evaluation
of undiscovered conventional resources and their
associated costs of exploitation. The corresponding
relationship from the Board's 1991 report is also shown.
The rightward shift in the Board's estimated relationship
over time is evident and reflects a higher estimate of
conventional resource potential (in the Current Tech
case) shown in Figure 6-3. The Current Tech
relationship shows costs rising more slowly than in
previous Board analysis; the High Tech relationship
implies that production costs barely increase above
present levels. Our High Tech analysis assumes that
flatter cost/reserves relationships apply to all basins in
North America.

There are other important uncertainties, related to
both demand and supply, about the prospects for North
American gas markets, some of which we have analyzed
in this report.

The use of natural gas for electricity generation has
expanded in North America, partly as a result of recent
low prices but also because of its relatively favourable
environmental qualities and the need by electricity
producers for generating units which are small scale,
have short lead times for construction and arc efficient.
Consequently future gas demand in the U.S. could be
considerably higher than many are estimating. This
would be more likely if gas use were encouraged in the
future by the development and implementation of
government policies related to greenhouse gas
emissions. Although our analysis does not incorporate
any such policies, we have examined the impact on
North American gas markets of a U.S. gas demand
profile, which is higher by as much as three exajoules
than that assumed in the Current and High Tech cases

2 The (ias Research Institute and the National Petroleum Council are
two examples in the U.S. In Canada. Armstrong and Calantone have
expressed this view in recent years on behalf of ANG. Refer to:

Cias Research Institute, 1993 (jRI Hascline Projection of'U.S. Energy
Supply and Demand in 2010. Chicago, Illinois, June I W.I.

National Petroleum Council. The Potential for Cms in the United
Stales, Washington, D.C., December 1992.

Alberta Natural Gas Company Limited, 1993 Futilities Expansion
(NEB Hearing Order GHW-2-91). May 1990.

Alberta Natural Gas Company Limited. Supply, Cost. Technological
Change, anil "Export Performance Analysis" (Export Impact
Assessment, NEB File 75(H)-A(XX)-2). December 1992.

3 The supply cost projection we use implies a rate of technological
progress of about two percent per year.
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(the"higher U.S. demand" case).4 This analysis provides
a background for the Export Impact Assessment
component of the Board's Market-Based Procedure.

In addition to uncertainties about natural gas use
there is a possibility of additional supply from new
sources of conventional gas in the North American gas
market. For example, Mexico is known to have large
undiscovered and unexploited gas resources with an
ultimate resource potential similar to that of the WCSB.
We analyze the impact on North American gas markets
of the introduction of an additional low-cost supply from
an unspecified, but non-Canadian, source beginning late
in this decade.5

There are uncertainties also about other possible
sources of supply: LNG, unconventional gas, and gas

from the frontier regions of Canada. Our analysis
suggests that the supply costs of these sources, together
with environmental concerns in the case of LNG and
transportation costs in the case of gas from the northern
frontier regions, are likely to preclude them from
becoming more than marginal sources of supply in the
next two decades. We have not assessed the impact of
any of these specific developments.

4 The higher U.S. demand case was analyzed in the conlexl of the
Current Tech supply cos! assumptions.

5 The possibility of a new low-cost source of g;is supply was analyzed
in the context of the High Tech supply cost assumptions.
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Alberta Fieldgate Gas Prices
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Analysis and Projections

Under all circumstances analyzed North American
natural gas prices (Figure 6-5) rise from their current low
levels. As would be expected, the High Tech supply case
results in very modest price increases in both the U.S.
and Canada. In this case the average annual rate of price
increase in Canada would be close to two percent per
year so that fieldgate prices reach about $2.25 per
gigajoule by the end of the study period. The Current
Tech supply analysis suggests that prices in both Canada
and the U.S. would rise at about triple the rate for the
High Tech case reaching a level of about $4.00 per
gigajoule by the end of the study period compared with
the 1993 level of $1.58. But even at this level the
projected price in 2010 would be only modestly above
the peak prices reached in the early 1980s.

In all cases examined, total U.S. demand for
natural gas (Figure 6-6) rises over the study period. Not
surprisingly, the increase is greater in a world
characterized by relatively low natural gas supply costs
and prices, and lower in a world characterized by more
rapidly rising prices.

The higher demand case generates total annual
U.S. gas use of over 25 trillion cubic feet in the years to
2005 but our analysis suggests levels as high as this are
unlikely to be sustainable with the Current Tech view of
supply. After 2005, rising prices of gas relative to oil
increasingly result in energy users switching away from
gas. Indeed, the decline of gas use in the latter part of

the study period is a characteristic of both cases analyzed
using the Current Tech view of supply.

U.S. production growth (Figure 6-7) is strongest
in the High Tech/low cost supply view of the world and
weakest in the Current Tech view. With a High Tech
view of supply U.S. production averages about 22 trillion
cubic feet in the last five years of our study period
compared to some 18 trillion cubic feet in 1992. In the
Current Tech case, U.S. production is only about five
percent higher in 2010 than it was in 1993.

These developments are mirrored in the projected
evolution of Canadian gas exports (Figure 6-8) to the
U.S. Canadian exports are highest in a high price, high
U.S. demand world and lowest in a low price, supply-
abundant world. Canadian gas is called on to a greater
extent in the Current Tech/high demand analysis because
the WCSB is relatively less developed than many U.S.
basins and the cost of expansion of production from the
WCSB is relatively low. Except for the case which
combines the High Tech view with the assumption of an
additional low cost North American supply, projected
exports from Canada are generally at or above recent
levels of about two exajoules per year.

Should an incremental source of low-cost supply,
such as Mexico, enter the North American market,
Canadian gas would face stiff competition. It is possible
that, in these circumstances, Canadian exports could
decline somewhat for a period of time. In our view, the
development of such an incremental source is unlikely
to occur before the turn of the century, in which case it

FIGURE 6-6
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would have a modestly dampening effect on otherwise
growing Canadian exports. Thus a plausible range for
Canadian exports of gas over our study period appears
to be between about two exajoules'1 per year, roughly the
1993 level, at the low end and about four exajoules per
year at the high end.

In the Current Tech analysis, rising supply costs
generate rising prices both in absolute terms and relative
to our assumed world oil prices. Rising prices
increasingly restrain demand for gas in North America
and Canadian exports begin to decline towards the end
of our study period.

Conversely, in the High Tech view, gas costs and
prices are low in both the U.S. and Canada. In this world

there are, however, large volumes of gas in the U.S. at
lower costs than Canadian supply. Though this delays
the time at which Canadian exports grow, both U.S.
demand and Canadian exports continue steady growth
through the end of the next decade.

Canadian exports continue to be concentrated in
the Central region of the U.S. and in California. The
Central region has the greatest potential for switching to
alternative fuels in response to relative price changes so
that, in the Current Tech/high price cases in which gas
prices rise relative to those for oil, Canadian exports
decline towards the end of the study period. Canadian

6 One exajoule is approximately equal lo .95 trillion cubic feel.
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FIGURE 6-8
Canadian Gas Exports
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gas exports to California grow steadily over the study
period because the state restricts the use of heavy fuel
oil (Figure 6-9).

These projected levels and distribution of exports
imply a substantial increase in pipeline capacity from
Western Canada to the U.S. Midwest and to California.

As noted in Chapter 4 Canadian demand for
natural gas (Figure 6-10) is sensitive to prices over the
long term. Indeed, there is a difference of about one
exajoule between our lowest and highest Canadian
demand profiles. In the Alternative Macro analysis one
can foresee Canadian primary demand for gas rising at
a rate of close to three percent per year reaching as much
as four exajoules in 2010. At the other extreme, should
prices rise more rapidly, as in the Current Tech case.

demand would grow at a modest rate of about 1.5 percent
per year to about three exajoules by 2000 and stabilize
at that level until the end of the study period.

Canadian gas demand projections by Natural
Resources Canada and the Canadian Gas Association
fall within our range, tending to be closer to the Current
Tech view in the earlier years of the study period (Figure
6-11).

Our analysis suggests that, in all cases, gas used in
Canada will be supplied to a large extent from the
WCSB. However, imports of gas to Eastern Canada are
projected to rise gradually from 90 petajoules in 1992 to
about 400 petajoules per year in both cases, although this
level is achieved sooner in the High Tech case. This
implies expanded pipeline capacity from the U.S. to

FIGURE 6-9
Canadian (>as Exports by U.S. Region
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Ontario. Imports therefore could represent between 20
and 30 percent of Eastern Canadian supply by 2010.

The combination of export and domestic demand
leads, under all scenarios, to rapidly rising production
of Canadian gas (Figure 6-12) over the next two
decades. As indicated, exports are the strongest
influence and, under a combination of circumstances
resulting from high electricity generation demand in the
U.S. and the Current Tech view of gas supply costs, our
analysis suggests that Canadian production could reach
the neighbourhood of seven exajoules per year towards
the end of our study period. The lowest production
profile results from circumstances which combine the
High Tech view of supply costs with increased

competition from a new low cost source of gas supply.
Under that scenario, however, it seems likely that, in the
longer run, there would be more sustained long-term
growth in Canadian production.7

ll will be noleil that, in some of the cases examined, our analysis sug-
gests sharp changes in Canadian production over live year lime peri-
ods. The analytical framework we use adopts a five yen
lor assessing the long-run equilibrium path of natural g
does not analyze the adjustment process by which mark'
one equilibrium to anolher. It is unlikely that, in lac
between productive capacity and demand could be adju

time interval
s markets. It
ts move from
. the balance
ed as rapidly

as this. Our analytical results should therefore be interpreted as indi-
cating directions of change in gas flows implied by the underlying
assumptions and not as precise estimates of production of and demand
for gas.
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Our analysis suggests that almost all Canadian
production is likely to continue to come from the WCSB
over our study period. Alberta remains by far the largest
source although British Columbia production increases
appreciably from current annual levels of 0.5 exajoules
to about 1.2 exajoules in 2010. In light of British
Columbia's increasing share of total gas production,
additional pipeline capacity will be required to transport
B.C. gas eastward and/or southward.

Our price projections suggest that development of
gas from northern frontier regions will not be
commercially viable in the time period of our analysis.
If prices were to follow the Current Tech track Sable
Island gas, off the coast of Nova Scotia, becomes
economically viable toward the end of the study period
(2007). There are several potential development options

with respect to the scale of development and disposition
of the gas. These include gas sales to local and export
markets, or using the gas to produce electricity for
export. Notionally, we have assumed that the gas would
be exported to the U.S. Northeast.

The supply of natural gas liquids follows a
profile similar to that of natural gas production over the
study period. The increases in NGL supply are,
however, smaller than the projected increases in gas
supply for the corresponding case. This reflects a
gradual shift in gas supply towards B.C. which yields
lower amounts of NGL than gas produced in Alberta.
In both the Current and High Tech cases NGL
production remains much higher than projected use in
Canada so that exports are sustained at high levels
throughout the study period.

FIGURE 6-13
Alberta Fieldgate Gas Prices - Comparison of Projections
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FIGURE 6-14
Canadian Gas Exports - Comparison of Projections
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Growth in Canadian production in the Current Tech
case implies reserve additions in the WCSB over our
study period averaging about 4.5 exajoules per year.
Reserve additions are somewhat higher when U.S. gas
demand is at the "higher demand" level. This compares
with average reserve additions of about 3.5 exajoules per
year since 1987. The implications for exploration and
development activity depend importantly on the impact
of technological change on finding rates over the study
period. In the Current Tech world, technology remains
similar to that used now, although existing technology
continues to improve. Gas-directed drilling is projected
to increase rapidly from the 1993 level of two million
metres to five million metres per year near the end of the
study period. This level of drilling exceeds the previous
peak of 3.5 million metres set in 1980.

In the High Tech world, reserves additions and
drilling activity are difficult to analyze. Since drilling
and production technology can be expected to change in
unknown ways, the relationship between reserves and
production may well be quite different from what it is
using today's techniques and implying a quite different,
and unknown, pattern of reserve additions for a given
level of production. Thus it becomes inherently
impossible to generate estimates of activity levels
without making additional assumptions about the impact
of technological change.

Our projections of gas fieldgate prices and exports
are compared with those of other analysts in Figures
6-13 and 6-14 respectively.

Because different analysts use different
assumptions about key underlying variables such as
world oil prices and economic growth, the projections
are not directly comparable. They do, however, indicate
directional similarities or differences among projections.
It is interesting to note that, whereas projections of
production and Canadian gas exports tend to be similar,
there is a wider range of views about the prospects for
wellhead prices. Our understanding is that this range is
predominantly due to different assumptions about the
future of world oil prices, the extent of substitution
between gas and oil and about the outlook for gas supply
costs.

Our analysis has been designed to assess the impact
of alternative combinations of assumptions about the
time paths of key underlying variables on Canadian gas
supply, demand and prices. We have not analyzed the
implications of all plausible combinations, nor do we
present any one combination as being more probable
than another. Views expressed about gas supply during
the technical consultations tended to be closer to the
Current Tech case.

Clearly developments in Canadian gas production
and in North American gas prices will be profoundly
affected by gas supply costs, U.S. demand for gas and
by the competition generated by supply developments in
the U.S. and Mexico.
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Chapter 7

CRUDE OIL

Our analysis of the prospects for the supply and
disposition of Canadian crude oil is based on alternative
assumptions about the evolution of oil supply costs due
to advances in exploration and production technology,
and the impact of world oil prices.

Canada's oil resources consist of light and heavy
conventional oil and unconventional crude oil in the
form of bitumen in the oil sands (Table 7-1).
Conventional crude oil is produced from subsurface
reservoirs under natural reservoir pressure and, in some
cases, using production techniques designed to improve
flow rate and overall oil recovery. In contrast, bitumen
is typically too viscous in its natural state to flow to a
production well; a substantial quantity of external energy
must be added to the reservoir through steam injection
to initiate flow. Integrated mining is an alternative
method to extract oil from shallow deposits.

Conventional oil consists of light and heavy oil in
western Canada and light oil resources found in frontier
regions in the north and offshore. Light and heavy
conventional crude oil resources make up seven percent
of Canada's in place oil resource inventory. Most of the
estimated recoverable resources of light oil in the WCSB
have already been discovered, indicating the basin's
mature state of development.

Further, about 70 percent of the estimated
discovered WCSB light oil resources have already been
produced. For the frontier areas, a small fraction of the
estimated resource has been discovered and
undiscovered resources are recognized as a possible
source of future supply. For heavy oil, technological
advances have significantly increased the estimates of
recoverable quantities. Roughly 50 percent of the
discovered resource remains to be produced; we estimate

TABLE 7-1
Crude Oil and Bitumen Resources, Year-End 1992
(million cubic metres)

Recoverable Resources

Discovered Undiscovered

Cumulative
Production

Remaining1

Discovered
Resources

Conventional Crude Oil

Total - Bitumen 269 48 731 0

In Place
Resources

Light -

Heavy

Total -

Bitumen

WCSB
Frontier

Conventional

Mining
In Situ

1 965
19

410

2 394

210
59

797
561

455

1813

9 790
38 941

519
3 582

260

4 361

0
0

10 181
14 276

5910

30 367

24 000
376 000

400 000

!. Remaining Discovered Resources include Remaining Eslablished Reserves and Other Discovered Resources which
are currently estimated to be recoverable using known technology but which have not been recognized as estab-
lished reserves because of uncertain economic viability.

Source: NEB. ERCB
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that two-thirds of this amount will be available using
current improved recovery methods.

Bitumen resources are very large compared to
conventional resources representing 93 percent of
Canada's estimated in place resources. We assume that
all of the in place bitumen resource is discovered, since
the location and characteristics of the oil sands are
reasonably well known, and future discoveries are
assumed to be negligible.

About one-fifth of the recoverable bitumen resource
is close to the surface. For this portion of the resource,
the production process involves surface mining of the oil
sands, followed by separation of the bitumen from the oil
sands in a plant. The bitumen is then upgraded on site
into synthetic crude oil for sale to refineries. Commercial
mining operations began in 1967, and two integrated
mining plants are now in operation.

The other four-fifths of the recoverable bitumen
resource is too deep to be mined and must be extracted
directly from the subsurface reservoir. "In situ"
production techniques typically involve the injection of
steam into the oil sand in order to reduce the viscosity
of the bitumen, and to provide the energy to produce it
through a vertical or horizontal well. Roughly 80 percent
of the estimated recoverable resource is believed to be
producible with in situ methods.

Total Canadian oil production has shown an
upward trend since 1982. Between 1990 and 1993, the
increase was nearly 10 percent, mainly due to increased
production of conventional heavy oil and synthetic oil
(Figure 7-1). In 1993, total production of 291 thousand
cubic metres per day was comprised of approximately

49 percent of light oil, 29 percent of heavy oil (including
bitumen), 14 percent of synthetic oil and eight percent
of pentanes plus.

Production has increased, despite weakening
prices, because of a significant decline in supply costs
for various types of crude oil. These costs have fallen
by up to 25 percent since 1990 as a result of industry
restructuring and rapid technological progress. Perhaps
the most important of the technological developments
has been the application of horizontal drilling techniques
which has led to an exponential growth in the number of
horizontal wells in recent years. Compared with vertical
wells, horizontal wells provide greater reservoir contact
leading to accelerated production and somewhat higher
recovery. In addition, there have been improvements in
seismic techniques, drill bits and drill rigs, production
equipment and recovery technologies. For bitumen,
there has been impressive technological progress in the
extraction and separation of bitumen from oil sands.

Projections of Canadian oil supply, as for natural
gas, have been steadily revised upward by the Board
and other analysts. This suggests that the substantial
impact of technological advances, such as horizontal
drilling and improved exploration techniques, had not
been fully anticipated. Consequently, technology has
become a focal point of oil supply analysis.

Canadian Oil Supply

We have assessed the prospects for Canadian oil
supply under two alternative cases in a manner similar
to that adopted for natural gas. The Current Tech case

FIGURE 7-1
Canadian Crude Oil and Equivalent Production
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assumes oil supply costs associated with technologies
that are currently in use or which have already been
extensively tested and are close to becoming
commercially viable. The other case, High Tech,
incorporates oil supply costs associated with
technologies that are in the early stages of research. Our
cost estimates in this case are based on consultations
with the industry, assessment of historical trends and
our own judgement.

To account for price uncertainty, we have also
assessed the implications of US$15 and US$30 prices for
Canadian oil supply under the Current Tech
assumptions'.

Changes in gas prices have an impact on supply
costs for in situ bitumen projects which use natural gas
for steam generation. Gas prices are higher in the
Current Tech case than the High Tech case, reflecting the
difference in assumptions for gas supply costs described
in Chapter 6.

The supply projections for conventional oil in the
WCSB are based on the assumption that the supply costs
for new discoveries will rise gradually in both cases as
discoveries are smaller and less accessible. The rate of
cost increases is more modest in the High Tech case
because of the impact of technological improvements.
Supply costs for development of discovered resources
are about US$4 per barrel less than in the Current Tech
case.

The supply projections for other sources, such as
Alberta's oil sands and the frontier, assume that the costs
could increase slightly in the Current Tech case and fall
by up to 20 percent by the end of the projection period
in the High Tech case. This is premised on the view that,
unlike conventional oil in the WCSB, the resource base
and associated technologies are far from reaching a
mature stage of development.

We have estimated ranges of supply costs for
various types of crude oil in major producing areas. To
bring these costs to a common basis we made adjustments
for transportation costs and different oil qualities. The
resulting cost estimates can be taken to represent the
prices required to make the development of each source
economically viable. The required prices are estimated
for the two cases in the year 2000 (Figure 7-2).

As expected, the required prices are consistently
lower in the High Tech case than in the Current Tech case
for all six supply categories considered. The reductions
generally range between 10 and 20 percent, and are the
highest for steam-assisted bitumen projects which, in
the High Tech case, benefit from gas prices considerably
lower than in the Current Tech case.

I In both the Current Tech and High Tech analysis world oil prices rise
from $19 to $23 per barrel by the end of our study period. Our high
price analysis was conducted under the assumption of current technol-
ogy; clearly supply would be higher than this if the high price were
matched with the High Tech assumptions.

FIGURE 7-2
Required Oil Prices at Market1 - Year 2000

Bitumen Steam

Bitumen Primary

Synthetic

Beaufort Sea2

East Coast2

WCSB Conventional

High Tech

Current Tech

15
1

20

USS 1993 per barrel

25 30

1 Prices needed to cover supply costs plus the allowances for transportation costs and lower quality of bitumen.
Conceptually, these prices use Cushing as a basing point.

2 These required prices do not include exploration expenditures.
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The comparison among the six categories suggests
that conventional oil in the WCSB and bitumen produced
using primary recovery continue to be the lowest-cost
sources of Canadian oil supply. The highest-cost sources,
by contrast, include frontier discoveries and synthetic oil
produced by integrated oil sands mining plants, both of
which require prices in the range of US$20-26.
Development of these resources is also very risky
because of their high capital costs and long lead times.
Frontier oil in northern basins is additionally burdened
with high costs of transportation.

Although supply costs for oil sands and East Coast
frontier projects are similar, other considerations may

tend to give the oil sands a competitive edge over the
frontier. These include a larger, better defined and more
accessible resource base, and a greater potential for
future cost reductions through the application of new
bitumen extraction and upgrading techniques.

In comparison to our sustainable range, only
conventional oil from Western Canada is viable at prices
near US$15. Below US$15, we recognize that some
exploration will continue targeting low cost plays. Within
the US$15-26 range, the amount of production and the
number of economically viable sources is sensitive to
price changes. Prices above US$26 are sufficient to justify
development of each of these Canadian sources.

FIGURE 7-3
Western Canada Light Oil Production

300
thousand cubic metres per day

250 -

200 -

5 0 -

1970

Low Price (CT) '"• •

1975 1980 1985 1990
I I

1995 2000
1 0

2005 2010

300

-250

FIGURE 7-4
Frontier Oil Production
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The supply of conventional light oil from Western
Canada is projected to increase to a maximum rate of
roughly 150 thousand cubic metres per day in the late
1990s, based on projections of aggressive application of
horizontal wells (Figure 7-3). Thereafter, the long term
declining trend resumes, bringing production to a range
of 40 to 80 thousand cubic metres per day by 2010. The
state of resource depletion in the WCSB suggests that
light oil production is unlikely to be sustained near
current or peak projected rates, even under the High
Tech view of technological progress.

Our analysis suggests that frontier production
could become an important component of Canadian light
oil supply towards the end of our study period (Figure
7-4). At prices near the lower limit of the sustainable
range, Hibernia is the only major source of frontier
supply through the study period as no other projects are
commercially attractive. However, at higher price
profiles, or with the development of improved
technology, a number of other East Coast offshore
projects, such as Terra Nova and Whiterose, could
become viable. Production from far northern frontier
regions will occur only at prices near the upper limit of
the sustainable range, and then only in the Mackenzie
Delta/Beaufort Sea.

Heavy crude oil production from conventional
areas has been rising steadily since the early 1980s as
producers responded to increased market opportunities
(Figure 7-5). The inventory of remaining established
resources has expanded by 30 percent as a result of active

exploration and development programs. Heavy oil
production has accelerated in recent years due to the
successful application of horizontal drilling techniques.
The number of horizontal wells in western Canada has
increased rapidly from 40 in 1989 to close to 900 in
1993. We anticipate further increases as the application
of this technology expands.

Our projection reflects the view that the pace of
activity in horizontal drilling will result in increased
reserves additions and a rapidly accelerating rate of
production of conventional heavy crude oil over the next
few years. However, accelerated production leads,
eventually, to a steep decline, even under the High Tech and
high price assumptions. As existing reserves are depleted,
it will require progressively more effort to maintain the
high production levels currently being projected.
Nevertheless, it is possible that over the study period,
technological progress at a pace faster than that of recent
years could further improve recovery factors for
conventional heavy crude oil. This would allow production
to be maintained at levels higher than projected.

Our projections imply a continuation of oil-
directed drilling for light and heavy oil at current levels.
Exploratory drilling remains at about 1 000 and 1 200
wells per year in the Current and High Tech cases
respectively. Development drilling, which has averaged
about 2 500 wells per year in recent years, could average
3 000 wells per year over the study period.

Bitumen production would tend to increase if
world oil prices were sustained at levels near the middle

FIGURE 7-5
Western Canada Heavy Oil Production*
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of our projected price range, or if the pace of
technological advance and cost reductions continues
(Figure 7-6).

In a world in which continued technological
progress is coupled with mid-range oil prices, it is
possible to envisage total bitumen production from in
situ production and mining plants rising from about 60
thousand cubic metres per day in 1993 to upwards of 140
thousand cubic metres per day by 2010. In the Current
Tech case, total bitumen production is roughly 100
thousand cubic metres per day in 2010 since higher

natural gas prices restrain in situ bitumen production.
These projections suggest that bitumen production
would decline only if world oil prices remained at low
levels and no technological progress occurred.

Heavy crude oil and bitumen from oil sands are
exported for use directly in refineries in the U.S. northern
tier which are equipped to process it, or upgraded to
yield synthetic crude oil.

Synthetic crude oil is produced from bitumen at
integrated mining plants and from bitumen and heavy oil
at stand-alone upgraders (Figure 7-7). The prospects for

FIGURE 7-6
Bitumen Production*
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FIGURE 7-7
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expansion of synthetic crude oil production from
integrated plants depend on world oil prices being at
high levels or on dramatically reduced costs.

The prospects for upgrading at stand-alone
upgraders and refineries in Canada are critically
dependent on the Canadian dollar price differential
between light oil and heavy crude or blended bitumen.
Upgrading will only be profitable if this price differential
is greater than the cost of upgrading. Heavy crude oil
price discounts have recently been as small as $4 per
barrel, whereas the price differential required to cover the
costs of new upgrading facilities are generally estimated
to be between $7 and $9 per barrel. Thus, expansion of
upgrading capacity would only be worthwhile if the price
differential between light and heavy crude were to
increase appreciably from current levels.

In the North American context our analysis
suggests that price differentials would only increase
appreciably in the High Tech case, in which
technological progress in heavy crude oil production
leads to dramatic increases in production. Production
levels of this magnitude would tend to reduce heavy oil
prices in Canada as this oil sought markets progressively
more distant from the producing basin. These
circumstances could, therefore, encourage expansion of
upgrading facilities in Canada.

Current production of synthetic crude oil from
integrated mining plants and stand-alone upgraders is
about 53 thousand cubic metres per day. Our analysis
suggests that production could rise modestly to about 55
thousand cubic metres per day at the low end of the price

range and increase to some 115 thousand cubic metres
per day at the high end. At the low end, production
increases come entirely from improvements in the
operation of existing integrated plants. At the high end,
production could occur in a number of ways: from
expansion of upgrading facilities either at existing
integrated plants or at stand-alone upgraders such as
Lloydminster, or from the addition of upgrading facilities
at existing Alberta refineries.

In summary, under most conditions analyzed total
Canadian crude oil production increases from recent
levels; the largest increases occur under conditions of
rapid technological progress and/or relatively high prices
(Figure 7-8). The composition of production could shift
from conventional sources in the WCSB towards
unconventional and frontier sources.

There is a clear tendency for projections of crude
oil supply in Canada to drift upward over time. This is
illustrated for the case of conventional light crude oil in
Figure 7-9 which compares the production projections
of this report to the year 2000 with previous Board
projections. The upward drift reflects many of the
phenomena that have been discussed earlier in this
chapter and in the chapter on natural gas. These include
continuous technological progress in finding and
production techniques, improved geological knowledge,
and increasing efficiency in the use of those techniques
as companies have had to compete in a world of much
lower prices. Our current projections for Western
Canada total crude oil and equivalent production are
compared with others in Figure 7-10.

FIGURE 7-8
Total Crude Oil and Equivalent Production
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Disposition of Crude Oil

The disposition of Canadian crude oil production
is determined by the degree to which Canadian crude can
compete on the basis of price, quality and availability in
individual market areas in Canada and the U.S. northern
tier.

At present, most heavy crude oil is exported. We
see no reason for this pattern to change since we do not
expect a significant increase in the domestic use of heavy
oil in Canada over the study period. As a result, the
export profile follows the production profile. In the High
Tech case, exports of heavy crude increase dramatically,
nearly doubling from 1992 levels. In the Current Tech
case, heavy oil exports will also tend to increase through
1999, although more modestly than in the High Tech
case.

To a considerable extent, development of Canadian
heavy oil will be contingent on producers' assessments
of market opportunities, particularly in the U.S., and
related netbacks. The consensus of analysts at present
appears to be:

• There is unlikely to be a large increase in product
demand in U.S. northern areas.

• U.S. indigenous production now supplying
refineries in the U.S. northern areas is declining,
providing an opportunity for Canadian heavy crude
to capture additional markets.

• The northern area of the U.S. has, it appears, the
potential to expand heavy oil processing capacity
at costs which are broadly consistent with low
light-heavy price differentials.

FIGURE 7-9
Conventional Light Crude Oil Production, WCSB - Actual and Projections
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• U.S. refiners have indicated an intention to
maintain and increase the use of Canadian supplies.
However should Canadian production approach
levels projected in the High Tech analysis it seems
likely that new markets such as the Wood River,
Illinois, refining area would have to be reached.

The extent to which Canadian light crude oil
production is used in Canada or exported depends on
other factors:

• Our analysis of the demand for refined petroleum
products in Canada, reported in Chapter 4, suggests
that growth is likely to be modest.

• It seems likely that currently existing refinery
capacity, together with a continuation of recent
levels of product exports and imports, will be largely
adequate to produce the product slate required.

• The characteristics of the oil produced from the
Hibernia development on Canada's East Coast are
not currently compatible with existing refinery
facilities; all of this production is likely to be
exported.

• Oil produced from other potential East Coast
developments could be used in eastern Canadian
refineries.

Refining centres in Ontario historically obtained
most of their crude oil supply from western Canada,
whereas those east of Montreal have been supplied
primarily from offshore sources through water-borne
imports. Until the early 1990s, Montreal refineries
obtained substantial quantities of crude supply from both
western Canada (through the IPL Sarnia-Montreal
Pipeline extension) and from foreign sources (via the
Portland-Montreal Pipeline system). At present, the
Montreal refineries receive only small volumes through
the IPL extension. Whether the extension continues to
be used to ship western Canadian crude to Montreal, is
deactivated, or is reversed to allow foreign oil to flow to
Ontario refineries will depend on the delivered costs of
foreign and Canadian oil to refineries in Ontario and
Montreal.

Exports are primarily heavy crude oil whereas
imports are almost all light crude oil. In our analysis,
Canada remains a net exporter of crude oil in total over
most of the study period although the magnitude of such
exports is substantially greater in the High Tech than in
the Current Tech case (Figure 7-11). At prices lower
than the mid-point of our sustainable range, Canadian
production declines sufficiently rapidly that Canada
becomes a net importer towards the end of the study
period.

FIGURE 7-11
Canadian Crude Oil Exports and Imports
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Chapter 8

IMPLICATIONS OF ENERGY PROJECTIONS
FOR ATMOSPHERIC EMISSIONS

Atmospheric emissions can have an important
influence on the environment. These emissions result to
a large extent from the production and use of fossil fuels.
The emissions we consider are those associated with the
greenhouse effect, with the formation of acid rain and
with the degradation of air quality (low-level ozone and
smog). Emission amounts are related to fuel type and,
for some gases, to the combustion technology used.
They are, therefore, directly linked to the energy
projections discussed in previous chapters'.

The production, transportation, and use of fossil
fuels result in the emissions of various gases:

• When fossil fuels are burned, carbon dioxide,
nitrous oxide, sulphur dioxide and nitrogen oxides
are formed and discharged to the atmosphere.
Some naturally occurring carbon dioxide is also
released when hydrocarbons are produced.

• Methane escapes to the atmosphere when natural
gas and coal are produced and when natural gas is
incompletely burned.

• Volatile organic compounds (VOC) are emitted to
the atmosphere during combustion of fossil fuels

and from the evaporation of liquid fuels during
their production, storage and handling.

The relative importance of the energy sector in
contributing to these emissions is shown in Figure 8-1.
Carbon dioxide emissions are far greater than any of the
others and it is estimated that 90 percent of the man-
made carbon dioxide emitted in 1990 in Canada came
from the energy sector. Of the other gaseous emissions,
energy-related sources account for over 90 percent of
nitrogen oxide, about 45 and 55 percent of sulphur
dioxide and VOC respectively, and 35 percent of
methane emissions.

Though carbon dioxide emissions are an inherent
part of the combustion process, emissions of other gases
are related to the technology used to burn them.
Emissions projections of these gases are, therefore.

1 Gaseous emissions are calculated by multiplying the energy produc-
tion and use projections by emissions factors (rates ot emissions per
unit of production, transmission or combustion) as estimated by
Environment Canada and NRCan. To calculate emissions in the
upstream oil and gas sector, results of studies completed for
Environment Canada and CAPP were incorporated, and assistance
was received from ERCB.

FIGURE 8-1
Gaseous Emissions from Man-Made Sources - 1990
(million tonnes)
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subject to greater uncertainty than are projections of
carbon dioxide emissions.

Carbon dioxide, methane and nitrous oxide are the
greenhouse gases associated with global warming. Their
effects on the atmosphere have been the subject of much
international discussion in recent years and resulted in
the adoption, in May 1992, of the United Nations
Framework Convention on Climate Change. The
ultimate objective of this Convention is to stabilize
atmospheric concentrations of greenhouse gases.

As part of its commitment under the Framework
Convention, Canada has prepared a national report2

which contains an extensive discussion of climate
change issues and their relationship to greenhouse gas
emissions. The report provides estimates of the rates at
which greenhouse gases currently are emitted into the
atmosphere, projects future trends in these rates and
assesses the impact of policies and measures to limit
greenhouse gas emissions in Canada.

Sulphur dioxide and nitrogen oxides contribute to
the formation of acid rain which can have important
regional effects on vegetation and wildlife. Control of
sulphur dioxide emissions has been addressed in a
Canada-U.S. protocol and a series of federal-provincial
agreements. Volatile organic compounds, in
combination with nitrogen oxides, have a local effect,
contributing to the formation of ozone in the lower
atmosphere and urban smog in areas of industrial activity
and high population density. Measures to reduce
emissions of oxides of nitrogen and VOCs are being
developed through Canada's Management Plan for

Nitrogen Oxides and Volatile Organic Compounds
which was adopted in 1990 by the Canadian Council of
Ministers of the Environment.

Emissions Estimates

We have made estimates of the level of greenhouse
gas emissions which could arise from our energy
projections using the emissions factors developed by the
Departments of Environment and Natural Resources in
preparing the projections included in the Climate Change
Report. We calculated the implications of three energy
projections for emissions: the Current and High Tech
cases and the Enhanced Cooperation case in electricity'.
Our projections for carbon dioxide and methane4 are
shown in Figures 8-2 and 8-3 respectively. For
comparison, these figures include the projections of
Natural Resources Canada5 and those contained in the
Climate Change Report.

Our projections, like those in the Climate Change
Report, imply that carbon dioxide and methane

2 Environment Canada. Canada s National Report on Climate Change,
Oltawa, 1994.

3 For sectors other than electrical utilities, emissions estimates used in
the enhanced utility trade case are those of the Currenl Tech case.

4 Nitrous oxide contributes to a small extent to total greenhouse gas
emissions. Because there is great uncertainty about emissions factors
for this gas, we have not projected these emissions.

5 Natural Resources Canada, Canada's Energy Outlook, 1992-2020,
September 1993.

FIGURE 8-2
Carbon Dioxide Emissions
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emissions will continue to rise with growing use of fossil
fuels over the study period.

There is little difference between the Current and
High Tech projections of carbon dioxide emissions. Our
projections are slightly higher than the others shown for
both the years 2000 and 2010. This results from the
higher projected levels of fossil fuel production and use
in our analysis.

Our estimates of methane emissions are higher at
the end of the study period, in both Current and High
Tech cases, than those of Natural Resources Canada.
This results from higher projected levels of methane
vented from coal mines and higher gas production in our
analysis.

Estimates of nitrogen oxides, sulphur dioxide and
volatile organic compounds associated with our energy
projections are shown in Figure 8-4. Emissions of
nitrogen oxides rise to a moderate extent; increases
attributable to higher overall energy use are muted by
lower emissions from automobiles as engine technology
improves.

Energy related emissions of VOCs decline over
the study period due to improved emissions controls in
the transportation sector. Emissions in the High Tech

case are higher in 2010 than in the Current Tech analysis
because emissions attributable to the upstream oil and
gas sector are higher in the former case.

Emissions of sulphur dioxide decline substantially
over the study period. This results from a large decline
in emissions from the generation of electricity, in
response to legislated limits on emissions, partially offset
by a rise in emissions associated with higher natural gas
production.

Emissions of carbon dioxide, nitrogen oxides and
sulphur dioxide are lowest in the enhanced electricity
trade case. In that case large amounts of fossil-fuelled
electricity generation are displaced by hydro-electric
generation.

It is important to reiterate that, unlike carbon
dioxide emissions, the rate of emissions associated with
methane, nitrogen oxides, sulphur dioxide and the VOCs
can be controlled by altering the technology of
producing and/or using fossil fuels. Therefore our
projections of emissions of these gases are heavily
conditioned by the fact that we assumed a continuation
of current technology relating to energy production and
consumption throughout our projection period.

FIGURE 8-3
Methane Emissions

million tonnes

NRCan

RCC Range1

NRCan

1992 2000 2010

1 The range in Canada's National Report on Climate Change is based on the NRCan case. The range
illustrates the effect of changing key variables affecting energy demand.
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FIGURE 8-4 (a)
Nitrogen Oxides Emissions

million tonnes
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FIGURE 8-4 (b)
Volatile Organic Compounds Emissions

million tonnes
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FIGURE 8-4 (c)
Sulphur Dioxide Emissions

million tonnes
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1 Enhanced Cooperation in electricity
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Chapter 9

SUMMARY AND CONCLUSIONS

In this analysis of the prospects for Canadian
energy supply and demand we have focused on the
implications of:

• different natural gas supply conditions on demand
and supply of all energy sources:

• evolving oil supply technologies and different oil
prices for Canadian oil supply;

• a more energy-intensive economy for energy
demand; and

• more interprovincial planning of electricity supply
together with open access to transmission facilities
for the pattern of electricity generation and trade.

Our analysis resulted in substantially different
natural gas price profiles in the two gas supply cases
analyzed; by 2010 Alberta fieldgate prices are projected
to average about $4.00 and 52.25 per gigajoule in real
terms in the Current and High Tech cases respectively,
compared to the 1993 level of $1.58. We adopted a
reference oil price projection which implies small
increases in the prices of refined petroleum products and
we assumed that electricity prices would remain constant
in real terms. Thus, over our study period the only
substantial change in relative energy prices at the burner
tip is an increase in natural gas prices relative to the
prices of electricity and petroleum products in the
Current Tech case. The costs and prices of alternative
and renewable energy forms are, in general, high relative
to conventional energy sources and we assumed they
would remain so. We recognize that some alternative
sources are now competitive in certain markets and,
further, that technological progress may occur to
enhance the commercial viability of alternative energy
over our study period.

Growth in end use energy demand in all cases
analyzed is higher than the rate of growth experienced
in the 1980s for all major sectors. This is a result of a
number of factors: projected increases in energy prices
are moderate; in our view the adjustment of energy
demand to the energy price increases of the late 1970s
and early 1980s is largely complete; and, in our
economic projections, growth in production is more
concentrated in energy-intensive industries over our
study period than it has been in the past 20 years.

Natural gas prices and the composition of
economic growth have an important influence on end use
energy demand. If relatively low gas prices are
combined with an economic projection in which the
output of energy-intensive industries grows relatively
rapidly, end use demand is about one exajoule higher, or
about ten percent, than if gas prices are higher and
economic growth is less energy intensive. Moreover,
natural gas demand increases much more rapidly in the
High Tech case, in which gas prices increase relatively
slowly, than in the Current Tech case.

The fuels used in electricity production and the
geographical pattern of generating capacity are
influenced substantially by the course of natural gas
prices and the extent to which the provinces begin to
jointly plan for electricity production and engage in more
extensive, economically beneficial, interprovincial trade.
In the Current and High Tech cases, which assume that
planning continues to be done independently by
provincial utilities, fossil fuel and hydro generation
increase by similar amounts over the study period. In
the case of fossil fuel generation the fuel selected
depends importantly on fuel prices. For example, in the
High Tech case, in which natural gas prices are relatively
low, the amount of natural gas-fired generation is double
what it is in the Current Tech case.

In a setting in which electricity generating
capacity is planned on an interprovincial basis and
access to transmission is available, our analysis suggests
that large hydro projects in Labrador and Manitoba,
which are too large to be developed for intraprovincial
use, would be developed to supply regional loads.
Hydro production from Labrador would be transmitted
through Quebec to the Atlantic provinces, Ontario and
possibly the U.S. Hydropower from Manitoba would
be transmitted to Ontario and Saskatchewan. In this
case we estimate that the Labrador and Manitoba hydro
projects would displace all new fossil-fired generating
capacity from Newfoundland to Saskatchewan in the
second half of the next decade at a unit cost about 75
percent that of the fossil fuel alternatives.
Consequently, total fossil-fuelled generation in this case
is somewhat lower by the end of the study period than
in the Current and High Tech cases.

We analyzed the prospects for North American
natural gas markets under a number of assumptions. The
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two principal cases examined alternative assumptions
concerning the nature and costs of gas supply:

• the conventional resource continues to comprise
the bulk of production and is increasingly
expensive to exploit (the Current Tech case); and

• new advances in technology and geological
knowledge prevent the costs of finding and
developing new gas reserves from rising
appreciably from current levels (the High Tech
case).

We also analyzed the implications of a higher U.S.
gas demand profile and of the impact on North American
gas markets of the introduction of supply from an
additional, low cost, non-Canadian source such as
Mexico.

Canadian exports of natural gas are highest in a
high price, high U.S. demand world and lowest in a low
price world with abundant North American supply. In
all but one case analyzed the projected exports from
Canada are generally at or above levels recently
experienced. Exports decline somewhat in the case
which combines the High Tech view with the assumption
of an additional low cost North American supply source.

The combination of expanding exports and
domestic demand leads, under all scenarios studied, to
rapidly rising production of Canadian gas over the next
two decades. Exports are the most important influence.
Our analysis suggests that Canadian production could
reach the neighbourhood of seven exajoules per year
towards the end of our study period compared to 4.7
exajoules in 1993.

The implications of rising gas production for
exploration and development activity depend importantly
on the assumptions made about the impact of
technological change. In the Current Tech case modest
improvements in known technology continue: in that case
our projection implies that gas-directed exploratory
drilling would increase rapidly from its 1993 level of two
million metres to about five million metres per year near
the end of the study period. In the High Tech case,
drilling and production technology change in unknown
ways; it is, therefore, inherently impossible to generate
estimates of activity levels without making additional
assumptions about the impact of technological change.

The results of the analysis for the case in which
U.S. demand increases very rapidly provide interested
parties with a background for the Export Impact
Assessment component of the Market-Based Procedure
used by the Board to regulate long-term gas exports.

Our long-term analysis suggests that there is a wide
range of plausible market outcomes for both gas price
and volume. Different outcomes may have implications
for short-term market adjustments which we have not
completely analyzed. In this respect we note that there
appeared to be agreement at the Export Impact
Assessment Workshop that:

• the principal tools of long-term analysis provide
limited understanding of adjustment processes; and

• more short-term analysis should be undertaken in
order to understand adjustment processes better.

Canada's oil resource base is large and diverse,
comprising conventional light and heavy oil in the
WCSB, light oil in the frontier regions, and bitumen
found in the oil sands in Alberta. Canadian oil supply
has increased moderately in recent years as supply costs
have declined due to industry rationalization and rapid
technological progress. Among new technologies,
horizontal drilling has had a particularly strong impact
on oil supply. We assessed the prospects for Canadian
oil supply under two assumptions about the progress of
technology: a Current Tech assumption in which oil
supply costs are related to technologies currently in use
or which are close to becoming commercially viable, and
a High Tech assumption which incorporates supply costs
associated with technologies that are in the early stages
of research. We also assessed the implications for oil
supply of the upper and lower bounds of our sustainable
range of oil prices (US$30 and US$15 per barrel, 1993
dollars).

Our analysis suggests that total Canadian crude oil
production could increase over our study period so Jong
as world oil prices are consistently above the mid-point
of our sustainable range and/or technological progress
further reduces supply costs. Any expansion in oil
supply is likely to feature increases in heavy oil
production, in bitumen production from the oil sands and
light oil production from the frontiers. Light oil
production from western Canada gradually declines over
the study period. The state of resource depletion in the
WCSB suggests that supply of western Canada
conventional oil, particularly light crude oil, is unlikely
to be sustained in the long run even under conditions of
rapid technological progress. However, horizontal
drilling and other new technologies may lead to a
continued gradual increase in production in the near
term and could delay the decline by several years.

The size and composition of the Canadian oil
supply is very sensitive to oil prices between US$ 15 and
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US$26. In a world in which oil prices track at the bottom
of the sustainable range, total Canadian crude oil supply
declines quite rapidly as no new supply sources are
economically viable. In contrast, all sources are viable
above US$26. Canada remains a net exporter of crude
oil when oil prices are sustained at or above the mid-
range level. At lower prices Canadian production
declines sufficiently rapidly that Canada becomes a net
importer towards the end of the study period.

Our projections, like those in the Climate Change
Report, imply that, absent the implementation of specific
control measures, emissions of the greenhouse gases of
carbon dioxide and methane will continue to rise with
growing use of fossil fuels over our study period.

Of the other gaseous emissions, those of nitrogen
oxide rise moderately while energy-related emissions of
volatile organic compounds and of sulphur dioxide
decline over the study period. Emissions of carbon
dioxide, nitrogen oxides and sulphur dioxide are lowest
in the enhanced electricity trade case. In that case large
amounts of fossil-fuelled electricity generation are
displaced by hydro-electric generation.

There are wide ranges of possible and plausible
outcomes for both energy demand and supply over the
next two decades. Different outcomes result from
variations in factors as diverse as economic activity, the
pace of technological advance and, as in the case of
electricity supply, the nature of trading and transmission
arrangements. We do not present any one outcome as
being more probable than another. Nor can it be said
that, in general, any one outcome is more desirable than
another.

The actual pattern of events will not be as smooth
as suggested in our analysis. Markets will be required
to adjust to changing circumstances and, as they do,
fluctuations in volumes and prices can be expected to
occur. We reiterate that our purpose has not been to
engage in a detailed analysis or forecast of short-term
developments; rather, it has been to shed some light on
possible long-term trends.
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GLOSSARY

Acid Rain

Base Load Capacity

Biomass

Bitumen

Blended Heavy Oil

Burner Tip Price

Capacity (electricity)

Coal Bed Methane (las

Combined Cycle Generation

(Pluies acides) Sulphuric, nitric, organic, or other acids that acidify
rain water.

(Capacite de production de la charge de base) Electricity generating
equipment which operates to supply the load over most hours of the
year.

(Biomasse) Organic material such as wood, crop waste, municipal
solid waste and mill waste, processed for energy production.

(Bititme) A naturally occurring viscous mixture, mainly of
hydrocarbons heavier than pentanes, that has a viscosity greater than
10 000 millipascal-seconds (mPa.s) measured at original temperature
in the deposit and atmospheric pressure, on a gas free basis. Bitumen
may contain sulphur and other non-hydrocarbon compounds and in
its natural viscous state is typically not recoverable at a commercial
rate through a well.

(Petrole lourd melange) Heavy crude oil to which light oil fractions
have been added in order to reduce its viscosity to meet pipeline
specifications.

(Prix a la pointe du bnVeiir) The price paid by the end user for an
energy commodity.

(Capacite \electr\citc\) The maximum amount of power which a
machine, apparatus or appliance can generate, utilize or transfer,
expressed in kilowatts or some multiple thereof.

(Methane des gisenwnts de charbon) The naturally occurring, dry.
predominantly methane, gas produced during the transformation of
organic material into coal. It is present as molecules adsorbed within
the molecular structure of all coals, as gas in matrix porosity, as free
gas in open fractures in coal, and as gas dissolved in ground water
within the coal.

(Production d'electricite mixte) The simultaneous production of
electricity using both combustion turbine and steam turbine
generating units. Electricity is first produced by one or more
combustion turbine/generator sets fuelled by either gas or light fuel
oil. The hot exhaust gases from this process are then used to generate
steam which, in turn, drives a steam turbine/generator to produce
electricity.
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Conventional Crude Oil

Conventional Natural Gas

Crude Oil and Equivalent Hydrocarbons

Cumulative Production

Demand Side Management

Discovered Recoverable Resources

Efficiency of Fuel
(or Burner Tip Efficiency)

Electricity Production

Emission Factor

(Petrole brut classique) Crude oil which at a particular point in time
can be technically and economically produced through a well using
normal production practices and without altering the natural viscous
state of the oil. For the purpose of this report conventional crude oil
is categorized as light or heavy crude oil, based mainly on the refining
processes required to produce useful products. Our heavy crude oil
category includes both heavy crudes and crudes which are classified
by some others as medium.

(Gaz naturel classique) Natural gas occurring in a normal porous and
permeable reservoir rock which at a particular point in time can be
technically and economically produced using normal production
practices.

(Petrole brut et hydrocarbures equivalents) Sometimes referred to as
"Crude Oil and Equivalent". Includes light and heavy crude oil,
pentanes plus, bitumen and synthetic crude oil.

(Production cumulative) The total amount of hydrocarbons produced
to a given date.

(Gestion de la demande) Measures promoted by electric and natural
gas utilities to favourably influence the amount and timing of
customer energy demand.

(Ressources decouvertes et recuperables) Resources which are
estimated at this time to be recoverable from known accumulations
(i.e., accumulations which have been shown to exist by drilling,
testing or production) using known technology. They include
cumulative production, remaining reserves and "other discovered
recoverable resources".

(Rendement du combustible [ou rendement a la pointe du bruleur])
The ratio of the useful output energy which results when a fuel is
burned, to the theoretical input energy content of the fuel. Fuel
efficiency for a heating fuel is less than 100 percent to the extent that
heated air is used in combustion and to the extent that exhaust venting
is necessary. In other applications fuel efficiencies are less than 100
percent partly because of waste heat generation.

(Production d'electricite) The amount of electric energy expressed in
kilowatt hours or multiples of kilowatt hours produced in a year. The
determination of electric energy production takes into account various
factors such as the type of service for which generating units were
designed (e.g., peaking or base load), the availability of fuels, the cost
of fuels, stream flows and reservoir water levels, and environmental
constraints.

(Facteur d'emission) An estimate of the rate at which a substance is
released to the atmosphere as a result of some activity (e.g., kilograms
of sulphur dioxide emitted per tonne of coal burned).
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End Use Demand for
Energy (or Secondary Energy Demand)

Energy Intensity

Established Reserves (Oil and Gas)

Federal Energy Regulatory Commission

Feedstock

Fieldgate Price (gas)

Frontier Areas

Fuel Switching Capability

Gas-in-place

Greenhouse Effect

{Demande d'energie pour utilisation finale [ou demande d'energie
secondaire]) Energy used by final consumers for residential,
commercial, industrial and transportation purposes, and hydrocarbons
used for such non-energy purposes as petrochemical feedstock.

(Intensite energetique) In the industrial and commercial sectors and
in transportation other than automobiles energy intensity is defined
as the amount of energy per unit of production. In the residential
sector it is energy use per household and for automobiles it is the
average fuel economy of the car stock. A measure of the efficiency
with which energy is used in the economy as a whole is total end use
energy per unit of real GDP.

(Reserves etablies [petiole et gaz nature!]) Those reserves recoverable
under current technology and present and anticipated economic
conditions, specifically those proved by drilling, testing or production
("proved reserves"), plus that judgement portion of contiguous
recoverable reserves that is interpreted to exist, from geological,
geophysical or similar information, with reasonable certainty
("probable reserves"). Established reserves are typically comprised
of proved reserves plus one-half probable reserves.

The FERC is responsible for the regulation of all interstate trade in
natural gas in the U.S. It regulates the tolls and tariffs of interstate
oil and natural gas pipelines and approves the construction of new
facilities. It also regulates the transmission and wholesale sale of
electricity in interstate commerce, licenses non-federal hydroelectric
projects, and oversees related environmental matters.

(Charge d'alimentation) Raw material supplied to a refinery or
petrochemical plant.

(Prix apres traitement [gaz nature!]) The price received by producers
for natural gas delivered to a pipeline system (e.g., NOVA's pipeline
system for Alberta).

(Regions pionnieres) Generally, the northern and offshore areas of Canada.

(Capacite d'utilisation d'un combustible de remplacement) A
customer's ability to use two or more fuels.

(Gaz en place) see In Place Resources

(Effet de serre) A naturally occurring phenomenon in the earth's
atmosphere in which incoming solar short-wave radiation passes
relatively unimpeded, but long-wave radiation emitted from the warm
surface of the earth is partially absorbed, adding net energy to the
lower atmosphere and underlying surface, thereby increasing their
temperature. The greenhouse effect is enhanced by the addition to
the atmosphere of several trace gases. This phenomenon is analogous
to the way in which heat is trapped by the glass in a greenhouse.
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Heavy Crude Oil

Heavy Fuel Oil

Horizontal Well

Hydroelectric Generation

In Place Resources

In Situ Recovery

Independent Power Producers

Initial Reserves

Integrated Mining Plant

Integrated Resource Planning

Light Crude Oil

(Petrole brut lourd) A term applied to crude oil having a high density;
also a collective term used to refer to conventional heavy crude oil
and bitumen. In this report, heavy crude oil supply and demand
numbers include heavy crude oil as well as any light fractions added
to reduce viscosity to facilitate pipeline transportation but exclude any
conventional heavy crude oil or bitumen upgraded to light crude oil.

(Mazout lourd) In this report, includes bunker fuel oils (No. 5 and No.
6 fuel oils) and industrial fuel oil (No. 4 fuel oil).

(Puits horizontal) A well which deviates from the vertical and is
drilled horizontally along the pay zone. In a horizontal well, the
horizontal extension is that part of the wellbore beyond the point
where it first deviates by 80 degrees or more from vertical.

(Production hydro-electrique) Electricity produced by an electric
generator driven by a hydraulic turbine.

(Ressources en place) The gross volume of crude oil, natural gas and
related substances estimated at a particular point in time to be initially
contained in a reservoir, before any volume has been produced and
without regard for the extent to which such volumes will be recovered.

(Recuperation en place) The process of recovering crude bitumen
from oil sands other than by surface mining.

(Producteurs d'electricite independants) Electric power facilities built
by private investors to serve load requirements of a utility or of an
industry.

(Reserves initiales) Initial reserves is a term often used to refer to
reserves prior to deduction of any production. Alternatively, initial
reserves can be described as the sum of remaining reserves and
cumulative production at the time of the estimate.

(Exploitation miniere integree) A mining and upgrading operation
where oil sand is mined from open pits and separated into sand and
bitumen. The bitumen is then upgraded into synthetic light crude oil
by a refining process.

(Planification integree des ressources) A process used to identify the
appropriate mix of all known resources that will minimize the cost
and risk associated with providing energy services to society over the
long run. Resources include traditional supply sources, as well as
energy conservation and management of peak demand.

(Petrole brut leger) A term applied to crude oil having a low density;
also a collective term used to refer to conventional light crude oil,
upgraded heavy crude oil, synthetic crude oil and pentanes plus. In
this report, light crude oil supply and demand numbers exclude any
light crude fractions added to heavy crude oil.
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Light Fuel Oil

Natural Gas Liquids

Nitrogen Oxides

Nitrous Oxide

Non-Utility Generation

Oil Sands

Oil-in-place

Open Access

Other Discovered Recoverable Resources

Peaking Capacity

Pentanes Plus

Permeability

Petroleum

(Mazout leger) Furnace fuel oil (No. 2 fuel oil).

(Liquides de gaz naturel) Those hydrocarbon components recovered
from natural gas as liquids. These liquids include, but are not limited
to, ethane, propane, butanes, pentanes plus and condensate and may
include small quantities of non-hydrocarbons.

(Oxydes dazote) The primary nitrogen by-products of combustion are
nitrogen oxide (NO) and nitric dioxide (N02)which are collectively
known as nitrogen oxides (NO^)- Nitrogen oxides contribute to the
formation of acid rain and are important in the production of ozone
in the lower atmosphere.

(Oxyde nitreux) A chemically active trace gas which has a large
number of natural sources and is a secondary product of combustion.
Nitrous oxide is a strong greenhouse gas.

(Production par une societe autre qu'un service public) Electric power
facilities built, owned and operated by specific industries or private
investors to serve the industry's own electricity needs or to serve the
electric utility load requirement.

(Sables petroliferes ou sables bitumineux) Deposits of sand or
sandstone, or other sedimentary rocks containing bitumen.

(Petrole en place) See "In Place Resources".

(Libre-acces) The non-discriminatory access to pipelines or electricity
transmission lines.

(Autres ressources decouvertes et recuperables) Those discovered
resources that are estimated at this time to be recoverable using known
technology but that have not yet been recognized as established
reserves because of uncertain economic viability.

(Capacite de pointe) Electricity generating equipment which is
available to meet peak demand.

(Pentanes plus) A mixture mainly of pentanes and heavier
hydrocarbons which ordinarily may contain some butanes and which
is obtained from the processing of raw gas, condensate or crude oil.
For the purpose of this report pentanes plus includes condensate.

(Permeabilite) A measure of the capacity of a reservoir rock to
transmit a fluid (liquid or gas).

(Petrole) A naturally occurring mixture of predominantly
hydrocarbons in the gaseous, liquid or solid phase.
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Photovoltaics

Potential Economic Growth

Primary Energy Demand

Primary Recovery

Productive Capacity

Recovery - Improved

Recovery - Primary

Recovery - Enhanced

Remaining Reserves

Reserves Additions

(Dispositif photovoltaique) Photovoltaic systems produce direct-
current electric power from solar energy, using semiconductor
materials.

(Croissance economique potentielle) Represents the upper bound to
growth for a given unemployment rate; however, growth could exceed
potential for a period of time if there are underutilized resources (e.g.,
if the unemployment rate at the beginning of the period were higher
than the given rate). Potential growth is approximately equal to the
sum of the growth rates of the labour force, capital stock and
productivity.

(Demande d'energie primaire) Represents the total requirement for
all uses of energy in Canada, including energy used by the final
consumer, intermediate uses of energy in transforming one energy
form to another (e.g., coal to electricity), and energy used by suppliers
in providing energy to the market (e.g., pipeline fuel).

(Recuperation primaire) See "Recovery - Primary".

(Capacite de production) The estimated rate at which natural gas,
crude oil or crude bitumen can be produced from a well, pool or other
entity, unrestricted by demand, having regard to reservoir
characteristics, economic considerations, regulatory limitations, the
feasibility of infill drilling and/or additional production facilities, the
existence of gathering and processing facilities, and potential losses
due to plant turnarounds and operational problems. Productive
capacity is referred to by the ERCB as "Available Supply".

(Recuperation assistee) The extraction of additional crude oil, natural
gas and related substances from reservoirs through a production
process other than natural depletion. Improved recovery includes both
secondary and tertiary recovery processes, such as pressure
maintenance, cycling, waterflooding, thermal methods, chemical
flooding and the use of miscible and immiscible displacement fluids.

(Recuperation primaire) The extraction of crude oil, natural gas and
related substances from reservoirs utilizing only the natural energy
available in the reservoirs.

(Recuperation assistee) A term frequently used in Canada which is
equivalent to improved recovery.

(Reserves restantes) Initial reserves less cumulative production at the
time of the estimate.

(Additions aux reserves) Incremental changes to established reserves
resulting from the discovery of new pools and/or revisions to reserve
estimates for established pools.
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Reserves Life Index or
Reserves to Production Ratio

Reservoir

Solar Energy - Active System

Solar Energy - Passive System

Spot Price

Stand Alone Upgrader

Sulphur Dioxide

Supply Cost

Synthetic Crude Oil

Three-Dimensional Seismic Survey
(3-D Seismic)

Tight Gas

(Indite de duree des reserves ou Ratio reserves!production)
Remaining reserves divided by annual production.

(Gisement) A reservoir (or pool) is a porous and permeable
underground rock formation containing a natural accumulation of
crude oil, natural gas and related substances that is confined by
impermeable rock or water barriers, and is individual and separate
from other reservoirs.

(Energie solaire - systeme actif) Solar energy collection system which
transfers heat captured from solar radiation through mechanical devices.

(Energie solaire - systeme passif) Solar energy collection system
which captures solar radiation directly for space heating, water heating
or other similar purposes, without the use of mechanical devices.

(Prix sur le manhe du disponible) Generally, the price applicable to
a sale of gas under a 30-day contract or less.

(Usine de valorisation independante) An upgrading facility that is not
associated with a mining plant or a refinery.

(Dioxyde de soufre) Refers to gaseous sulphur dioxide (SC^)- In some
cases, emissions may contain small amounts of sulphur trioxide (SO3)
and sulphurous and sulphuric acid vapour. Excludes particulate or
aerosol sulphate.

(Coiit des approvisionnements) Gas or oil supply costs express some
or all costs associated with resource exploitation as an average cost
per unit of production over the project life. The main cost components
are: capital costs associated with exploration (geological and
geophysical surveys and exploration drilling), development
(development drilling and surface facilities), production operating
costs, federal and provincial taxes, resource royalties and the threshold
rate of return.

(Petrole brut synthetique) A mixture of hydrocarbons similar to crude
oil derived by upgrading crude bitumen from oil sands, kerogen from
oil shales, or other substances such as coal. It may contain sulphur
or other non-hydrocarbon compounds.

(Etude sismique tridimensionnelle) The gathering of seismic data in
a closely spaced grid, from a prospective hydrocarbon area, using
artificially created sound waves. This data is then enhanced through
computer processing to display the spatial relationships of the
geological formations in three dimensions, in contrast to the
conventional display in two-dimensional cross-sections along the line
of survey.

(Gaz dune formation impermeable) Natural gas contained in low
permeability reservoirs.

68 CANADIAN ENERGY SUPPLY AND DEMAND 1993 - 2010



Ultimate Recoverable Resource Potential

Unconventional Crude Oil

Unconventional Natural Gas

Undiscovered Recoverable Resources

Upgrading

Viscosity

Volatile Organic Compounds

Wood Waste

(Potentiel ultime de ressources recuperables) An estimate, at a given
point in time, of all the resources that may become recoverable or
marketable, having regard for the geological prospects and anticipated
technology. It consists of cumulative production, remaining
established reserves, other discovered resources and undiscovered
recoverable resources.

(Petrole brut non classique) Crude oil which is not classified as
conventional crude oil. An example of unconventional crude oil
would be bitumen.

(Gaz naturel non classique) Natural gas which is not classified as
conventional natural gas. An example of unconventional natural gas
would be coal bed methane.

(Ressources recuperables pas encore decouvertes) Resources that
are estimated at this time to be recoverable from accumulations that
are believed to exist on the basis of available geological and
geophysical evidence but which have not yet been shown to exist by
drilling, testing or production.

(Valorisation) The processing of bitumen or heavy crude oil into a
synthetic crude oil.

(Viscosite) The measure of the resistance of a fluid to flow.

(Composes organiques volatils) Includes only photochemically
reactive hydrocarbons. Excludes methane, ethane and chlorinated
organics.

(Residus de bois) Fuel consisting of bark, shavings, sawdust and low
grade lumber and lumber rejects from the operation of pulp mills,
sawmills and plywood mills.
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