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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 authorization of exports of oil, gas
and electricity; the authorization of the construction of
interprovincial and international oil, gas and commodi-
ties 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 Cana-
dian supply of all major energy commodities including
electricity, oil and natural gas and their by-products, and
the demand for Canadian energy both domestically and
abroad.

Since its inception, the Board has prepared and
maintained projections of energy supply and require-
ments and has, from time to time, published its findings
beginning with the first long-term outlook in 1967. Ina
July 1987 decision, the Board adopted the Market-Based
Procedure! (MBP), as a replacement for the reserves
surplus test, for regulating natural gas exports. At that
time, the Board indicated its intention to continue to
publish the Canadian Energy Supply and Demand reports
as one component of ongoing monitoring under the
MBP. The last supply and demand report was issued
in 1994.

The objectives of these reports 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 and trends.

= To provide a framework for public discussion
on emerging energy issues of national impor-
tance.

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

1 The Market-Based Procedure was adopted after the hearing GHR-1-87 in July 1987

2 Alist of parties who sent written submissions is provided in Appendix 1

In preparing the Canadian Energy Supply and Demand
reports, the Board has sought the views of Canadians
interested in energy matters. In the late 1970s and
early 1980s, external views were obtained through
written submissions and public hearings. From 1984 to
1994, views were obtained on an informal basis and
were not subject to public hearings. For this report, the
Board has adopted a formal consultative process
involving two rounds of public workshops held in eight
Canadian cities.

The objective of the workshops was to provide
members of the public an opportunity to comment on
the Board’s analysis. The first round, held in April 1998,
discussed the major assumptions, the analytical
approach, potential issues and the report format. The
second series of workshops was held in February 1999
to discuss the preliminary results. Written comments
for both rounds were invited.” Additionally, Board staff
consulted with many sectors of the energy community
to complement its in-house expertise.

The NEB greatly appreciates the comments and
interchange of views during the consultations and
would like to thank all those who contributed their time
and expertise. The Board considered all comments and
has incorporated some of the views of participants in
the analysis. Sensitivity analyses were developed to
reflect the divergence of opinion expressed during the
consultations.

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 its views. The
Board wishes to clarify its views in this regard:

Material contained in these reports may
be used as part of the evidentiary
record, in particular regulatory proceed-
ings. Any party could rely on such
material, just as it could rely on any
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public document. In such a case, the
material is in effect adopted by the
party introducing it.
In this respect, there has been no change in the
Board’s views regarding the way in which the reports
may be used in the regulatory process.

As part of the MBP, the Board publishes Natural Gas
Market Assessments (NGMA) which address current and
near-term developments. The Canadian Energy Supply
and Demand reports address longer-term issues. In the
future, as a result of the integration of energy markets,
the Board will issue Energy Market Assessments (EMA).
EMA will provide analyses of the major energy
commodities, including natural gas. The Canadian
Energy Supply and Demand reports are an integral part of
this EMA program.

There are some changes in this report compared to
earlier editions. For example, it does not contain an
Export Impact Assessment, although it is anticipated that
interested parties may use the data and analysis in this
report to develop their own natural gas export impact
assessments. Also, the various appendices will be avail-
able electronically to facilitate analysis and research on
Canadian energy matters.

Finally, the Board advises that the purpose of the
Canadian Energy Supply and Demand reports is to provide
a range of energy supply and demand projections for
the information of the public. They should not be
perceived as recommendations to the Minister of
Natural Resources, nor should they be viewed as
expressing policy on energy matters.
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CHAPTER 1

Trends and Issues

The only certain thing about the future is
that it will surprise even those who have
seen furthest into it.
E. J. Hobshawm

The observation of Mr. Hobsbawm is particularly
applicable in the case of the energy sector; there are a
number of major uncertainties, including oil and gas
prices and government policies. This chapter highlights
the main trends and issues that arise from the Board’s
long-term energy outlook for Canada. In conducting
this analysis, the Board relies on the underlying prin-
ciple that market forces will govern the choices made by
energy producers and consumers. In this framework,
only the impact of energy policies that are in place or
have been announced is included. A main theme
pursued throughout the analysis is the possible impact
of technology on the supply and demand of energy over
the next three decades.

ASSUMPTIONS AND CASES

The Board’s analysis is based on a world oil price of
US$(1997)18 per barrel throughout the projection. It is
recognized that oil prices will be volatile; therefore, two
oil price sensitivities have been analyzed: US$14 and
US$22 per barrel. These prices could be viewed as the
upper and lower bounds of a sustainable price range.

The outlook for Canadian economic growth could
be characterized as “business as usual.” After annual
GDP growth of almost 3 percent to 2005, growth decel-
erates to about 2 percent per year to 2025. The slower
growth over time is largely associated with the ageing
of the Canadian population and associated declining
growth in the labour force.

To capture a range of plausible outcomes, the Board
developed two cases. Case 1 assumes low cost energy
supply and current trends in demand. In other words,
the supply of energy becomes cheaper through techno-
logical innovation, while the demand for energy reflects
recent trends in energy efficiency. Case 2 assumes
current trends in supply and accelerated demand effi-
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ciency. In other words, technological innovation in the
supply of energy reflects recent trends, while energy
demand is reduced through more efficient applications.

In addition, a series of sensitivity analyses were
developed to analyze specific issues. The major analysis
focuses on the use of alternative technologies and
renewable fuels (A&R Sensitivity). Other areas examined
are: world crude oil prices; early nuclear retirements in
the electricity generation sector; and reduced
constraints on electricity transmission.

DEMAND

Total end use energy demand is expected to
increase over the projection period, but at a slower
pace than the growth of GDP. In Case 1, growth in
demand averages 1.4 percent per year, while it averages
0.9 percent per year in Case 2. By the end of the
projection period, demand in Case 1 reaches 12 588 PJ,
compared to 8 389 PJ in 1997; in Case 2 it reaches
10 953 PJ, a difference of about 13 percent.

A variety of factors are expected to reduce the rate
of growth in energy demand. In the residential sector,
these include improvements in furnace efficiency and
the lower energy requirements of an ageing population.
Commercial sector demand will be influenced by the
penetration of more efficient equipment and better
conservation practices. In the industrial sector, demand
growth will be modified by the adoption of leading-
edge technologies and by a structural shift toward
industries that require less energy.

In the road transportation sector, especially for
passenger vehicles, alternative technologies could have
a noticeable impact. The penetration of alternative
vehicles, such as hybrid-electric vehicles and fuel-cell
vehicles, is projected to reduce energy consumption in
all cases. In the A&R Sensitivity, fuel-cell vehicles are
projected to operate on cleaner-burning methanol.

Hog fuel, pulping liquor and wood currently
account for most of the consumption of renewable
fuels. In the A&R Sensitivity, greater penetration of



these fuels and of solar energy is projected to increase
the market share of renewable fuels.

ELECTRICITY

In general, restructuring in the electricity sector will
likely lead to reduced electricity prices in the near term.
However, as fuel prices rise, so will those of electricity.
Restructuring will also lead to the entry of new power
suppliers and change the fuel mix of generation.

Electricity generation reaches 838 TW.h in Case 1
and 744 TW.h in Case 2 from current levels of 551 TW.h.
Continued growth in domestic electricity demand and
export opportunities will require additional generating
capacity, which will mostly be hydro and gas-fired.
Combined-cycle gas technology, located close to load
centres, appears to be the preferred option for new
generation.

Hydroelectricity will remain predominant, although
the share of gas in total generation is expected to
increase markedly. The shares of coal and oil-fired
generation are expected to decline. Exports are
projected to remain close to historical levels, due mainly
to declining surpluses and the trend toward distributed
generation.

The construction of a high voltage transmission line
connecting Labrador to Newfoundland would have the
effect of displacing thermal generation on the island and
increasing hydro generation in Quebec. Removing trans-
mission constraints would increase hydroelectricity
generation in Manitoba thereby reducing Ontario’s
requirement for new thermal generation.

Higher penetration of alternative technologies and
renewable fuels is expected to require more support and

stimulus than current market conditions offer. Neverthe-

less, wind generation is expected to increase in both
cases. In the A&R Sensitivity, the growth in wind gener-
ation is stronger and is combined with growth in
biomass generation. In addition, alternative technolo-
gies, such as integrated gasification combined cycle
plants, are projected to replace conventional coal gener-
ation.
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NATURAL GAS

Natural gas production increases from 15 Bcf/d in
1997 to 27 Bcfld in Case 1 in 2025. In Case 2, it peaks
at 23 Bcf/d in 2018 and then declines to 21 Bcf/d. Deliv-
erability from conventional gas in Canada is highly
dependent on the level of undiscovered resources.
Furthermore, supply from western Canada will depend
on a shift in drilling strategies to the western part of the
basin, away from the shallow gas areas that have tradi-
tionally been dominant. By 2010, it will also depend on
the development of technologies to extract coal bed
methane. The Mackenzie Delta region is expected to
become a gas supply source after 2015 in Case 2.

Exports are expected to rise. Major pipeline expan-
sions appear to be needed from western Canada to the
U.S. Midwest and from the Scotian Shelf to the U.S.
Northeast. In the event of much stronger gas demand
due to early nuclear plants retirements in Ontario and
the U.S., gas prices could increase by about 18 percent
by 2025. This increase could be even greater if future
U.S. gas demand is as robust as some have suggested.

Regional supply patterns in the U.S. are projected to
change. Both the Gulf of Mexico and the Rocky Moun-
tain regions are expected to increase production,
whereas the Permian and Anadarko basins are projected
to decline.

NATURAL GAS LIQUIDS

In general, there will be a surplus of NGL relative to
domestic requirements, particularly for propane and
butanes. Domestic demand for ethane is projected to
grow as a result of expansions to the ethylene manufac-
turing industry. However, late in the projection period,
NGL production declines as conventional natural gas is
replaced with coal bed methane, which does not contain
NGL. In both cases, natural gas prices rise relative to
those of oil, which could have a negative impact on the
levels of ethane extraction.



CRUDE OIL

In Case 1, the supply of crude oil and equivalent
rises from 331 100 m3/d in 1997 to 500 000 m3/d by
2007 and then declines to 410 000 m3/d by 2025. In
Case 2, it peaks at 440 000 m3/d in 2007 before
declining to 330 000 m3/d by 2025.

The application of new technology has been an
increasingly important element of the Canadian crude
oil industry. The projections of oil supply assume that
an aggressive approach to research and technological
innovation will be maintained.

The projected levels of supply for conventional light
and heavy crude oil in the WCSB would not be possible
without significant technological advances in finding
and developing resources, including advances in
enhanced oil recovery techniques. Even so, the limited
remaining recoverable resources will result in declining
supply. This decline is partially offset by the increasing
importance of the oil sands and of the east coast
offshore area.

Oil sands production is expected to increase by
three to four times above current levels by 2025. This
growth will require significant advances in the areas of
extraction, transportation and processing. Similarly, the
supply projections for the east coast offshore area are
dependent on technological innovation, such as sub-sea
infrastructure design that would allow the exploitation
of smaller satellite pools.

Any potential shortfall in pentanes plus supply for
diluent requirement is assumed to be alleviated by tech-
nological advances in transportation, or upgrading, or
by the use of alternate blending agents. The projected
volumes of oil sands upgraded crude oil and blended
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heavy oil are in excess of estimated domestic require-
ments and historical export volumes. In Case 1 and
Case 2, growing demand in the U.S. markets for these
types of crude oil is expected to absorb these excess
volumes.

COAL

Due to extensive world-wide resources of coal,
prices are expected to remain low relative to other
fuels. Coal will continue to make a significant contribu-
tion to Canadians energy supply. Technological
advances in the way coal is used in electricity genera-
tion are anticipated, particularly in the A&R Sensitivity.

EMISSIONS OF GREENHOUSE GASES

The emissions of GHG are expected to increase in
all cases. The increase is most rapid to 2010, reaching
685 Mt per year for Case 1 (a 20 percent increase from
1997), 641 Mt in Case 2 (a 12 percent increase) and
635 Mt for the A&R Sensitivity (a 11.5 percent increase).

By 2025, emissions are projected to be 800 Mt in
Case 1 (a 40 percent increase from 1997), 678 Mt in
Case 2 (a 19 percent increase) and 648 Mt in the A&R
Sensitivity (a 13 percent increase).

The transportation and fossil fuel production
sectors are the principal sources of GHG emissions. The
introduction of hybrid electric and fuel cell vehicles
could help reduce GHG emissions in the transportation
sector. In the A&R Sensitivity, a shift towards renewable
energy sources, particularly in electricity generation,
results in a modest reduction in GHG emissions.



CHAPTER 2

Assumptions and Cases

2.1 INTRODUCTION

This chapter presents an overview of the major
assumptions used in the Board’s long-term energy
outlook, including world oil prices, main economic
indicators, as well as Canadian demographic and
structural trends.! In addition, there is a description of
the two main cases that form the basis of the outlook
and a presentation of the sensitivity analysis.

2.2 WORLD OIL PRICES

The factors governing oil price determination are
generally well known:

= World economic growth and oil demand
= Non-OPEC oil production

e OPEC’s ability to manage its low-cost surplus
production capacity

The interplay of these factors causes price fore-
casting to be hazardous. In the short term, substantial
low-cost capacity remains shut-in and it tends to be
concentrated in a few countries in the Middle East. Oil
prices are thus vulnerable to substantial volatility due to
market imbalances and political events. In the long
term, the outlook is complicated by factors as varied as
the sustainability of economic growth in the newly-
industrialized countries and the impact of technology
on future oil supplies and substitutable energy forms.
All this is apart from the uncertainty associated with
potential international action on environmental matters,
specifically the concern with climate change, and the
impact this may have on oil markets.

In this report, the Board has adopted the assump-
tion that oil prices will remain constant at US$(1997)18
per barrel (West Texas Intermediate [WTI] at Cushing,
Oklahoma) (Figure 2.1). This implies that over the 25
year study period, world demand will continue to be
met at prices approximating those of the mid-1990s. To
maintain that price level requires some discipline on the

part of OPEC in setting and observing production
quotas, at least in the near term.

A constant oil price over the long term runs counter
to a more traditional view that increasing exploitation
of the world's reserves will result in increasing costs.
The constant outlook means that technological progress
will enable world oil supplies to accommodate increases
in demand at constant costs. There continues to be
evidence of this in the sustained increase in North Sea
production and in the progress of heavy oil technologies
in both Canada and Venezuela that have substantially
reduced development and production costs. More
generally, production in the non-OPEC countries has
continued to increase in recent years, even in an envi-
ronment of relatively low and volatile prices.

Within the time period of this analysis, it is also
possible that a combination of technologies emerges to
reduce or moderate the increase in crude oil demand,

Figure 2.1
World Qil Price - WTI at Cushing
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1 Oil price data and national and regional economic indicators are available in Appendix 2: Assumptions and Cases.
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effectively limiting price increases. Examples include:
accelerated exploitation of the world’s gas reserves for
use in electricity generation; the large-scale production
of liquid transportation fuels directly from natural gas;
and the development and widespread adoption of fuel
cell technology.

During the Board’s consultations, there was a
general consensus that US$18 was a reasonable assump-
tion for the longer term. However, some participants
suggested that a combination of factors could keep
prices lower than US$18 for an extended period.
Another view was that a price below US$18 for several
years would cause demand to increase but force supply
in higher-cost areas to decline, thus setting the stage
for a sharp price increase in later years.

To address long-term oil price uncertainty, sensi-
tivity analyses were undertaken at US$14 and US$22 per
barrel. Based on the Board’s consultations, these prices
might be regarded as the bounds of a sustainable range.
Below US$14, industry supply activity declines and
demand increases, thus creating upward pressure on
prices. Above US$22, oil supply increases, OPEC has
difficulty in managing the surplus, and prices decline.

The Board’s pricing assumptions tend to cover the
range of other recent long-term price outlooks, such as
those produced by the U.S. Department of
Energy/Energy Information Administration (EIA), Petro-
leum Economics Limited (PEL) and Petroleum Industry
Research Associates (PIRA) (Figure 2.2). The reference
case in the EIA's Annual Energy Outlook 1999 assumes
that oil prices will increase from US$15 per barrel in
2000 to US$19 in 2010 and US$23 in 2020. PELs
outlook is in the US$14 to US$15 range during the
period 2010-2015. PIRA's outlook foresees US$17 in
2005 and US$19 in 2010.

2.3 ECONOMIC ASSUMPTIONS

A projection of Canadian economic growth is essen-
tial to the energy outlook because the demand for
energy is dependent on overall growth, demographic
trends and structural changes in the economy. The
economic outlook underpinning this report might be
best described as a “business as usual” projection that

assumes no fundamental changes to government poli-
cies and uses best judgment with respect to the impact
of key external factors, such as U.S. economic growth
and other developments affecting international trade.’

Over the next five to six years, growth in Gross
Domestic Product (GDP) is expected to be relatively
strong averaging about three percent per year
(Table 2.1), reflecting continued robust growth in the
U.S. and a gradual economic recovery in south-east Asia
and Japan. Recent Canadian monetary and fiscal policies
are expected to continue: inflation is maintained at
around 2 percent per year and fiscal balances show
steady improvement. In this environment, the Canadian
dollar is projected to appreciate to US$0.74 by 2005,
then gradually to US$0.79 by 2025.

Longer term, growth slows with the declining
growth in the labour force and lower participation rates,
both resulting from the ageing of the population. The
average annual GDP growth will be just over two
percent per year, somewhat below that of the past 20
years. With overall employment growing about one

Figure 2.2
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the Board’s main assumptions on energy prices, production and exports.
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percent per year, the implied annual productivity gain is
also about one percent. It is recognized that growth in
any year may differ from the trends presented in this
economic outlook; however, short-term deviations have
little impact on long-term energy projections and no
attempt was made to predict such events.

A comparison of the Board’s economic outlook with
those of the Conference Board of Canada and Standard
and Poor’s/Data Resources Inc. (DRI) is presented in
Table 2.2. The trends in economic growth for both the
Conference Board and DRI are similar to the Board’s,
i.e., stronger growth in the 1997-2005 period, then
moderating in the longer term. All three outlooks have
relatively low inflation, in the range of two to three
percent per year, and demonstrate significant apprecia-
tion of the Canadian dollar relative to the U.S. dollar.

Demographic Changes

In the Board’s economic outlook, Canada’s popula-
tion is projected to increase to about 40 million by the
year 2025 (Figure 2.3). The domestic fertility rate is
assumed to remain below that required to maintain a
stable or growing population; hence population growth

An important aspect of demographic changes is the
ageing of the population. This phenomenon is repre-
sented in Figure 2.4 by the changes in three population
age groups over time: negative or low growth in the
“under15”; declining growth in the “15 to 64”; and
increasing growth in the “65 and over.” The latter trends
include the effect of the maturing of the large “baby

Table 2.2
Economic Indicators, Selected Comparisons

1997-2005 2005-2015 2015-2025

GDP (average annual percent growth)

NEB 2.9 2.1 2.0
Conference Board 2.8 2.3 2.2
Standard and Poor’s/DRI 3.2 2.4 1.6

CPI (average annual percent growth)

NEB 18 2.0 2.3
Conference Board 1.9 2.3 2.6
Standard and Poor’s/DRI 17 2.7 3.0t

Cdn dollar in US Funds (end of period)

is maintained by an increase in immigration. By the end NEB 0.74 0.77 0.79
of the period, annual immigration is assumed to be Conference Board 0.74 0.76 0.79"
about 400 000 people per year, compared to 225 000 Standard and Poor /DRI 081 088 091"
per year in the first half of the 1990s. T omm
Table 2.1 Figure 2.3
Main Economic Indicators Population by Age Group
(average annual percent growth) million
1981-1997  1997-2005 20052015 2015-2025 40

Canada %7

Real GDP 2.3 2.9 2.1 2.0 30

Population 12 0.9 0.9 1.0

Labour force 14 14 09 04 25 _/

Employment 13 1.7 0.8 0.7

Unemployment rate* 9.1 7.6 8.5 7.5 20

Households 12 0.9 0.9 1.0

Inflation (CPI) 3.9 18 2.0 23 15

Cdn$ in U.S. funds* 0.72 0.74 0.77 0.79

10

U.S. real GDP 2.6 2.2 2.1 2.1

U.S. Inflation (CPI) 4.0 23 2.2 2.1 5

G7 real GDP 2.7 25 2.7 2.8

(excl. Canada and U.S.)

1 end of period

1985 1990 1995 2000 2005 2010 2015 2020 2025

3 65andover EZA 15to64 WM under 15
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administration. The latter includes forestry, mining,
manufacturing and construction.

The overall growth patterns tend to be similar
(Figure 2.6) with both sectors growing faster until 2005
and then more slowly later in the projection period.
However, during the entire projection period, growth in
industrial GDP exceeds growth in commercial GDP by
about 0.5 percent per year. The commercial sector has
strong growth in business services, but relatively slow
growth in government services. The industrial sector has
stronger growth in chemicals, primary metals and some
other manufacturing activities, but slower growth in the
pulp and paper industry.

Provincial Economic Growth

In the near term (to 2005), economic growth by
region varies substantially, because of the impact of
large investments in specific projects or sectors and
events that have varying regional impacts (Figure 2.7).

Energy investments stimulate growth in Alberta and
the Atlantic region, particularly Newfoundland and Nova
Scotia. The outlook for central Canada, including
Quebec, Ontario and Manitoba, is influenced by the
exports to the U.S. of manufactured goods, and some
resource-bhased goods. Saskatchewan’s growth is
supported by gains in agriculture and energy invest-

Figure 2.6
Commercial and Industrial GDP Growth
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ment. B.C.’s lower growth in the near-term reflects the
impact of the Asian economic slowdown.

In the long term (2005-2025), the occurrence of
specific investments tends to be less certain as most
identifiable projects are completed. Therefore, the
differences between the provinces tend to be correlated
with population trends. The population projection
underlying this outlook assumes somewhat higher popu-
lation growth in Ontario and western Canada, which
leads to stronger growth in these regions.

Figure 2.7
Provincial GDP and Population Growth
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24 CASES

To produce meaningful long-term projections, the
Board views a range of outcomes to be preferable to a
single line or “base case.” Therefore, two supply and
two demand cases have been developed which, when
combined, result in four possible outcomes.

The two supply cases are:
e Current Supply Trends (CST)
e Low Cost Supply (LCS)

In the CST Case, recent trends in energy supply are
expected to continue. That is, technology improvements
have a similar impact on costs and finding rates as in
recent years. As a consequence, resource estimates tend
to be lower than in the LCS Case. In the LCS Case,
substantial improvements in finding rates and reduced
costs lead to more resources being available at lower
costs.

The two demand cases are:
e Current Demand Trends (CDT)
= Accelerated Demand Efficiency (ADE)

In the CDT Case, recent rates of technological
developments in areas such as energy efficiency are
expected to continue. Consumer preferences will also
follow recent trends. The ADE Case anticipates that
accelerated rates of technological development will lead
to more efficient end-use applications. Changes in
consumer preferences could also lead to lower energy
consumption.

Conceptually, the four cases (two demand and two
supply) are represented in Figure 2.8 by classic supply
and demand curves. As prices rise, the quantity supplied
increases along a given supply curve and the quantity
demanded declines along a given demand curve.

The two supply curves represent the different cost
conditions; at a given price level, more supply is avail-
able in the LCS Case, compared to the CST Case. The
difference between the demand curves represents a
change in consumer preferences and the recognition
that demand savings are available, or feasible, at a given
price level through new technologies; hence, demand is
lower in the ADE Case than in the CDT Case.

In this stylized representation, there are four sets of
equilibrium or market clearing volumes. The biggest
range of market clearing volumes is created by

CANADIAN ENERGY SUPPLY AND DEMAND to 2025

combining CDT and LCS to form Case 1, at the high
end, and by combining ADE and CST to form Case 2, at
the low end. Neither of these cases is a “base case”;
rather, they are proposed as the bounds of a plausible
range of outcomes.

2.5  SENSITIVITY ANALYSES

Sensitivity analyses have been undertaken in three
areas: oil prices; alternative technologies and renewable
fuels, and electricity generation and transmission. Sensi-
tivity analyses are less comprehensive than Case 1 and
Case 2 because they focus on the impact of changes to
key assumptions on specific areas of interest. They are
developed either from Case 1 or Case 2 and only look at
the impact on a few variables.

Oil Prices

Case 1 and Case 2 both assume oil prices to be
$18US per barrel. Two oil price sensitivities assess the
impact of lower and higher oil prices on Canadian oil
supply, gas supply and gas prices. The $14 Sensitivity is
based on Case 2 (Current Supply Trends) and the
$22 Sensitivity is based on Case 1 (Low Cost Supply).
The results are discussed in Chapter 5 and Chapter 7.

Figure 2.8
Supply and Demand Cases
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Alternative Technologies and Renewable Fuels

The Alternative Technologies and Renewable Fuels
Sensitivity (A&R Sensitivity) is primarily an energy
demand sensitivity which was developed from Case 2. It
is also an energy supply sensitivity in that more of the
electricity consumed may be produced from alternative
technologies or renewable fuels. The prospects for these
technologies and fuels are examined in several end-use
sectors and electricity generation. The analysis includes:

= Renewable energy forms such as solar energy,
wind, small hydro and biomass

= Alternative vehicles such as gasoline-electric
hybrids and methanol-powered fuel cell auto-
mobiles

e Diesel-powered automobiles

e Integrated coal gasification combined-cycle
(IGCC) generation.

Results for the A&R Sensitivity appear in Chapter 3
and Chapter 4.
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Electricity Generation

Two sensitivity analyses were undertaken, the
Nuclear Generation Sensitivity and the Transmission
Sensitivity.

The Nuclear Generation Sensitivity was developed
from Case 2. It examines the impact of an increased
demand for natural gas as the result of early nuclear
plant retirements in Ontario and the U.S. This includes
the impact on electricity generation in Ontario and the
implications for Canadian natural gas supply, prices and
exports. Results appear in Chapter 4 and Chapter 5.

The Transmission Sensitivity was developed from
Case 1. It examines the impact on electricity generation
and trade resulting from reduced constraints on interre-
gional electricity transmission. Since most of the impact
would be on the development of large-scale hydro
projects it was developed for the eastern provinces,
including Manitoba. Results appear in Chapter 4.



CHAPTER 3

Demand

3.1 INTRODUCTION

This chapter highlights the projected results for the
Current Demand Trends Case (Case 1), the Accelerated
Demand Efficiency Case (Case 2) and the Alternative
Technologies and Renewable Fuels Sensitivity (A&R
Sensitivity).' The demand for energy and the choice of
fuels are driven by demographic, economic, technolog-
ical, sociological and environmental factors. Some
factors are assumed to be identical in all cases while
others vary between cases. Differences and similarities
are outlined below.

Factors common to Case 1, Case 2 and the A&R
Sensitivity include:?

= demographic variables (e.g., number of house-
holds, population)

e macroeconomic variables (e.g., GDP, exchange
rate, inflation, personal disposable income)

= weather-related variables (e.g., heating degree
days)
= world oil prices

Factors that differ between Case 1 and Case 2
include:

= the rate of technological innovation

= the penetration rate of energy-efficient
technologies

= the adoption rate of energy-efficient behaviours

= the prices of natural gas, electricity and coal

The A&R Sensitivity was developed from Case 2;
hence, energy prices are the same for these two cases.
The key difference between these two cases is the fuel
mix in the following sectors:

* residential
e commercial
e industrial

= road transportation
= electricity generation (see Chapter 4)

1 Detailed results for Canada and by region are available in Appendix 3: Demand.

2 Some of these indicators are available in Appendix 2: Assumptions and Cases.

Many government and privately sponsored
programs also influence energy consumption. The NEB
did not evaluate the impact of specific programs,
although the aggregate impact of programs is reflected
in the results. While all cases considered existing and
announced programs, their impact is assumed to be
greater in Case 2 and the A&R Sensitivity than in Case 1.

3.2 TOTAL SECONDARY ENERGY DEMAND

Total Canadian secondary (or end use) demand was
8 482 petajoules (PJ) in 1997. In Case 1, it is projected
to grow at an average of 1.4 percent per year to reach
12 588 PJin 2025 (Figure 3.1). In Case 2, total demand
is projected to grow at an average of 0.9 percent per
year to reach 10 953 PJ in 2025. By 2025, the difference
between Case 1 and Case 2 is about 15 percent. In

Figure 3.1
Total Secondary Energy by Fuel

petajoules
14000

1997 2010 2025
12000
10000

8000 [

31%

6000
4000 - § § § § % §
2000 § % % % & S_ %
13% 11% 12% 12% 11% 13% 13%
0 Actual Casel Case2 AR Casel Case2 AR

[  Oil Non-Transportation ~ HE  Electricity

C=1  Oil Transportation Bl Renewables

[  Natural Gas EZ1  Other

CANADIAN ENERGY SUPPLY AND DEMAND to 2025 11






because no convenient and economical alternative to
electricity exists for most appliances and for lighting.

Between 1997 and 2025, the efficiency-adjusted
price of natural gas increases by 10 percent in Case 1
and by 23 percent in Case 2. Over the same period, the
efficiency-adjusted price of LFO declines by 16 percent
in Case 1 and 20 percent in Case 2. In both cases, there
is an incentive to substitute LFO with gas, although this
incentive becomes quite small late in the period in
Case 2. Furnace efficiencies are assumed to improve
over time, which contributes to the reduction in LFO
prices and slows the increase in natural gas prices.

Residential Demand and Market Shares

Both cases project a steady increase in energy
consumption in the residential sector. In Case 1, total
consumption rises from 1 606 PJ in 1997 to 2 104 PJ in
2025, an annual growth rate of 1.0 percent (Figure 3.4).
In Case 2, due to the greater adoption of efficient tech-
nologies, total energy demand increases more slowly, at
an average rate of 0.5 percent, to reach 1 850 PJ in
2025. By 2025, there is a difference of about 14 percent
between Case 1 and Case 2. Total energy demand for
the A&R Sensitivity is virtually identical to Case 2,
although more solar energy and wood are used.

Natural gas is the primary fuel used in Canada for
space heating and is becoming more common for water
heating. The predominant use of LFO is space heating.
LFO use is becoming less common in new homes, but
continues to be used in areas not serviced by natural
gas. Electricity is used primarily for lighting, appliances
and water heating, but it is also used for space heating,
particularly in Québec.

Space heating is the largest end use for energy in
the residential sector, but its relative share is expected
to decline. Typically, newer homes require less energy as
they are built with more insulation, better windows and
often incorporate natural lighting which supplies
passive solar heating. In addition, newer furnaces tend
to be more energy efficient. This contributes to a
market share reduction for fuels used primarily for
space heating. Since home design and furnace improve-
ments are expected to be greater in Case 2, the decline
in the combined market share of natural gas and LFO is
more pronounced in that case.

Natural gas represented about 43 percent of resi-
dential energy demand in 1997. In Case 1, the market
share of gas increases slightly by 2005 but then declines
to 43 percent in 2025. In Case 2, the market share of

Figure 3.3
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natural gas is projected to fall throughout the period to
reach 42 percent in 2025. In the A&R Sensitivity, it
declines to 41 percent by 2025. In all cases, natural gas
is expected to make inroads in Atlantic Canada.

Oil products, excluding diesel (DFO) used in farm
equipment, represented 10 percent of residential
demand in 1997. LFO accounted for most of this share,
although some kerosene and heavy fuel oil were also
used. In Case 1, the oil share is expected to decline
gradually to 8 percent by 2025. In Case 2, it declines
more rapidly to 8.5 percent by 2014 and then levels off.
In the A&R Sensitivity, it declines to under 8 percent. In
addition, the market share for farm DFO is relatively
stable at 6.5 percent in all cases.

The market share of electricity is expected to grow
due to increased penetration of small appliances and air
conditioning in Canadian households. The penetration
of small appliances such as home computers,
microwaves, compact disc players and video cassette
recorders has increased significantly over the past few
years. This trend is assumed to continue into the projec-
tion period. Nevertheless, newer appliances are assumed
to be more efficient, which somewhat mitigates the
increase in the market share of electricity.

Electricity represented 33 percent of residential
energy demand in 1997. In Case 1, the market share for
electricity increases to roughly 36 percent by 2025. In
Case 2 and the A&R Sensitivity, it increases to slightly
over 37 percent. The greater increases in market share
for electricity in Case 2 and the A&R Sensitivity result
from to the larger declines in natural gas and LFO
resulting from the improvements in efficiency of heating
equipment.

Wood represented 5.6 percent of residential
demand in 1997. By 2025, its market share decreases to
4.3 percent in Case 1 and 4.4 percent in Case 2. In the
A&R Sensitivity, the number of wood-stove users
increases, but more efficient wood and wood pellet
stoves are assumed to penetrate the market. The
resulting market share is similar to that of Case 2.

Solar energy was estimated at 0.1 percent of the
residential market in 1997. In Case 1 and Case 2, its
share is assumed to remain relatively constant. In the

3 Normal weather patterns are defined as the average temperature between 1961 and 1990.
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A&R Sensitivity, its market share increases to 1.2 percent
due to inroads in the water and space heating markets.

Together, propane, steam and coal accounted for
1.6 percent of demand in 1997. In all cases, their
combined market share remains relatively constant
throughout the projection period.

Residential Energy Intensity

Energy intensity is volatile because it is heavily influ-
enced by weather patterns. During particularly cold
years, the average energy use per household is higher,
while warmer years correspond to lower energy use.
The projected trends are smooth because the projec-
tions assume normal weather patterns.®

All cases project steadily decreasing energy use per
household throughout the period (Figure 3.5). In Case 1,
energy intensity, excluding agricultural use, is expected
to decline at an annual rate of 0.5 percent. In Case 2 and
the A&R Sensitivity, it declines by 1.0 percent per year.
Several factors lead to these declines: more efficient
houses, furnaces, appliances and lighting equipment.
Also, energy-efficient technologies are introduced into
the housing stock through new houses and retrofits.

Figure 3.5
Residential Energy Intensity
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In all cases, energy efficiency improvements are
slower between 1997 and 2010 than later in the period.
This is partly explained by demographic changes which
are expected to intensify after 2010. Smaller families
and the ageing of the population will likely result in
smaller homes (e.g., semi-detached, apartments or
retirement communities), which require less energy.

3.3.2 Commercial Sector

The commercial sector is composed of offices, retail
buildings, hospitals, schools, warehouses, restaurants,
recreational facilities, hotels and motels. In 1997, the
largest component of end use consumption was space
heating (55 percent), followed by lighting (14 percent),
motors (12 percent), water heating (7 percent), office
equipment (7 percent) and cooling (5 percent). Motors
are used to operate fans, compressors and pumps.

Energy consumption increases with economic
growth but at a slower rate because new equipment
and buildings tend to be more energy efficient than
existing ones. Real commercial GDP is expected to grow
at 2.3 percent in the early part of the projection period
(1997 to 2010) but is expected to slow to 1.5 percent in
the latter part. Other factors which determine energy
demand in the commercial sector are energy prices,
technological developments, consumer attitudes, and
government and industry initiatives.

Commercial Efficiency-Adjusted Energy Prices

The most important fuels in the commercial sector
are electricity, natural gas and LFO. Figure 3.6 shows the
average Canadian efficiency-adjusted prices for these
fuels for Case 1 and Case 2.

Consumers have more of an incentive to limit their
energy consumption when energy is relatively more
expensive, as it is in Case 2. Relative fuel prices also
play a role in energy choices. Lighting and office equip-
ment are exclusively powered by electricity so competi-
tion between electricity and fossil fuels is limited.
Natural gas and LFO are commonly used for space
heating. In Case 2, more efficient furnaces and boilers
are assumed, which reduces efficiency-adjusted prices
for LFO and natural gas.

In Case 1, the difference between the efficiency-
adjusted prices of LFO and natural gas narrows, but gas
keeps its advantage. In Case 2, a crossover occurs
around 2016 and natural gas becomes relatively more

expensive. It was assumed that a price differential
exceeding 10 percent will trigger a shift towards LFO for
space heating.

Commercial Energy Demand and Market Shares

Between 1985 and 1997, commercial demand grew
by 1.5 percent per year to reach 984 PJ in 1997. In the
projection period, growth in consumption is expected
to average 1.3 percent per year in Case 1 and 0.9 percent
in Case 2 (Figure 3.7). By 2025, demand reaches
1398 PJin Case 1 and 1 255 PJ in Case 2, a difference of
11 percent. The A&R Sensitivity assumes some penetra-
tion for solar energy, but is otherwise similar to Case 2.

The fuel mix presented in this section is a Canadian
average. It should be noted that significant regional
variations exist because of differences in relative prices,
market structure and fuel availability. In all cases,
market shares stay relatively constant over the projec-
tion period.

The market share of electricity grew from
37 percent in 1985 to 44 percent in 1997. Much of this
increase can be attributed to the rapid penetration of
office equipment. The share of electricity is projected to

Figure 3.6
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remain at its 1997 level in Case 1 and to increase slightly
to 45 percent in Case 2. Factors contributing to this
stabilization include saturation in the demand for office
equipment; penetration of power-managed office equip-
ment; and more stringent federal regulations for lighting
products, three-phase electric motors, large air-condi-
tioners and large heat pumps. It was assumed that more
consumers purchase equipment that exceeds efficiency
regulations in Case 2 than in Case 1.

New buildings are assumed to have more insulation,
better windows and more efficient heating and cooling
equipment. These features are expected to decrease
space heating requirements. Nevertheless, the combined
fuel share of LFO and natural gas is expected to stay
fairly stable during the projection period.

In Case 1, LFO maintains its 1997 share of 5 percent
and natural gas increases its share from 43 to 45 percent.
The introduction of Scotian Shelf gas in the Atlantic
region and the continued relative price advantage of gas
over LFO explain the growth for gas. In Case 2, LFO
becomes relatively cheaper than natural gas after 2016,
and its market share rises from 5 to 6 percent by 2025.
The market share for natural gas remains fairly constant.

In addition, the share of other oil products (diesel, heavy
fuel oil and kerosene) falls from 5 percent in 1997 to
about 3 percent by 2025 in all cases.

Other fuels made up 4 percent of commercial
energy use in 1997. These fuels include steam and
propane. In all cases, their combined share falls to
3 percent by 2025. In the A&R Sensitivity, some solar
energy is assumed to penetrate the water and space
heating markets. Solar energy captures a market share
of 0.1 percent by 2025.

Commercial Energy Intensity

Commercial energy intensity is measured by the
energy use per dollar of real commercial GDP and is an
indicator of energy efficiency. From 1985 to 1990,
energy intensity declined by 2.1 percent per year
(Figure 3.8). However, in the 1990 to 1997 period, the
trend was reversed. High vacancy rates during the reces-
sion of the early 1990s may have contributed to rising
intensities since buildings must be heated to a certain
standard, even when unoccupied.

Energy intensity is expected to decline by
0.5 percent per year in Case 1 and 0.9 percent in Case 2.*

Figure 3.7
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4 Because different types of commercial buildings have different energy needs, a change in the composition of the sector could alter intensity levels. However, such a structural shift is not

expected to have a notable impact.
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Falling vacancy rates will contribute to stronger effiency
improvements in the near term. The decline will also be
supported by new construction and retrofits and by
various energy conservation measures. Such measures
include the set-back of heating and lighting systems
when buildings are unoccupied and regular servicing
and maintenance of space conditioning equipment.
These factors have a greater impact in Case 2 and the
A&R Sensitivity than in Case 1.

3.3.3 Industrial Sector

The industrial sector includes manufacturing,
mining, forestry and construction. Its most energy
intensive industries are: pulp and paper, iron and steel,
smelting and refining, chemicals, cement and petroleum
refining. Although they account for less than 20 percent
of industrial GDP, these six industries account for more
than 60 percent of industrial energy demand. Therefore,
the economic outlook for these industries has a signifi-
cant impact on overall industrial energy demand.

Table 3.1 shows the average annual real GDP
growth assumed for the industrial sector and various
industries and groupings. These assumptions are the
same in all cases. Total industrial GDP growth is
expected to average 2.3 percent per year over the
projection period. Growth is expected to be stronger in
the earlier part of the projection; between 1997 and

Table 3.1
Average Annual Real GDP Growth - 1997 to 2025

Industry Growth Rate (percent)
Pulp and Paper 0.7
Iron and Steel 2.7
Smelting and Refining 29
Cement 0.9
Petroleum Refining 0.9
Chemicals 2.8
Energy-Intensive Industries 2.1
Other Manufacturing 2.8
Mining 15
Forestry 11
Construction 2.0
Less-Intensive Industries 2.4
Total Industrial Sector 2.3

2010, it averages 2.6 percent while it averages
2.1 percent between 2011 and 2025.

With few exceptions, energy-intensive industries,
especially those based on natural resources, are
expected to grow at a slower pace than less-intensive
industries. This is particularly notable later in the
projection period. Between 1997 and 2010, energy
intensive industries are projected to grow at 2.6 percent
per year; after 2010, at 1.7 percent. This structural
change will contribute to lowering the energy intensity
of the industrial sector.

Industrial Efficiency-Adjusted Energy Prices

High energy prices encourage more efficient use of
energy and lead to lower levels of demand. Alterna-
tively, low energy prices may lead to increased demand
by fostering growth in energy-intensive industries. Rela-
tive prices also influence energy consumption in the
industrial sector where users often have the option of
using different fuels. This is particularly true in the long
term when new equipment may be purchased to allow
substitution by a cheaper fuel.

The most widely used fuels in the industrial sector
are natural gas, electricity and heavy fuel oil (HFO).
Figure 3.9 presents the average Canadian efficiency-
adjusted prices for these fuels. Prices for Case 2 and the
A&R Sensitivity are identical. In all cases, fuel efficien-
cies for boilers are assumed constant.

The efficiency-adjusted price of HFO is relatively
constant in both cases. The price of natural gas
increases over the projection period in both cases; by
34 percent in Case 1 and by 67 percent in Case 2. In
Case 1, the prices of HFO and natural gas remain close
to each other, minimizing incentives for substitution. In
Case 2, the price of natural gas diverges from the price
of HFO around 2005. This leads to a shift away from gas
and towards HFO in eastern Canada, where gas prices
are higher than in western Canada.

Electricity tends to be used in processes where
substitution by other fuels is limited or not feasible.
This explains its importance as a fuel despite relatively
higher prices than HFO or natural gas. By 2025, elec-
tricity prices are 14 percent higher in Case 2 than in
Case 1. More so than for other fuels, there are substan-
tial regional differences in the price of electricity. Prices
are considerably lower than the Canadian average in the
hydro-rich provinces of Manitoba, Québec and British
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Columbia; they are notably higher in Ontario.

Industrial Demand and Market Shares

Total industrial energy demand was 2 921 PJ in
1997. In Case 1, it is expected to grow at an average of
1.7 percent per year to reach 4 720 PJ in 2025
(Figure 3.10). In Case 2, the average annual increase is
expected to be 1.1 percent and energy consumption
reaches 4 046 PJ in 2025. By 2025, there is a difference
of about 17 percent between Case 1 and Case 2. Total
demand in the A&R Sensitivity is similar to Case 2,
although the A&R Sensitivity uses more hog fuel and
some solar energy.

Natural gas accounted for 37 percent of industrial
demand in 1997. In Case 1, the market share of gas
increases to 43 percent by 2011, and then remains
stable to the end of the projection. In Case 2, the
market share of natural gas peaks at 41 percent in 2011,
but then declines to 39 percent by 2025. In the A&R
Sensitivity, the market share for gas is roughly one
percent below that of Case 2. The strong growth in gas
to 2011 is driven, in part, by investments in bitumen
extraction facilities in Alberta which require large
amounts of gas-generated steam. The introduction of

natural gas in Nova Scotia and New Brunswick also
contributes to increasing its market share.

The market share of electricity increases in all cases,
from 26 percent in 1997 to roughly 29 percent in 2025.
This is encouraged by robust increases in the use of
electricity-specific processes in several industries. Such
processes include mechanical pulping in the pulp and
paper industry, electric arc furnaces in the steel industry
and the use of robotics in various industries.

The combined use of oil products represented
10 percent of industrial demand in 1997. Of this
amount, 43 percent was DFO, 35 percent HFO, 17 percent
petroleum coke and 5 percent LFO. DFO is used to
power heavy equipment, while the other oil products
are used primarily in boilers to generate process heat. In
Case 1, the market share of oil is expected to decline to
8 percent around 2010, then increases to 8.5 percent by
2025. The decline is caused by reduced shares of DFO
and HFO. In Case 2 and the A&R Sensitivity, oil demand
declines slightly before rising to 12 percent in 2025. The
increase in oil demand is caused by an increase in HFO
use in eastern Canada, where HFO becomes significantly
cheaper than natural gas. The shares of DFO, LFO and

Figure 3.9
Industrial Efficiency-Adjusted Fuel Prices
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petroleum coke are similar in all cases.

Pulping liquor and hog fuel are by-products of the
pulp and paper industry and are used almost exclusively
in that industry. Together, they accounted for 18 percent
of industrial demand in 1997. All cases assume a more
widespread use of these fuels within the pulp and paper
industry. However, due to the relatively slow growth
expected in that industry, the combined share of hog fuel
and pulping liquor is expected to decline to about
14 percent in Case 1 and Case 2, and to 16 percent in the
A&R Sensitivity. Compared to Case 2, the consumption of
hog fuel in the A&R Sensitivity is nearly 40 percent
greater, reflecting the view that only a portion of avaiv-
able supply is currently used to produce energy. However,
the consumption of pulping liquor is the same since most
of the available supply is used to produce energy.

Together, all other fuels supplied 8 percent of
industrial demand in 1997. These fuels are: coal, coke
and coke oven gas (6 percent); steam (1 percent); and
liquefied petroleum gases (LPG - 1 percent). In all cases,
the market share for coal, coke and coke oven gas is
expected to gradually decline to 4 percent by 2025. The
market shares of steam and LPG are expected to remain
fairly constant in all cases. A measurable amount of
solar energy is assumed in the A&R Sensitivity. Active
solar air heating systems are assumed to be installed
on enough manufacturing facilities to account for
0.1 percent of industrial demand by 2010.

Industrial Energy Intensity

In the industrial sector, energy intensity is measured
as energy consumption per unit of industrial GDP. While
it is a useful indicator of energy efficiency, caution must
be used when performing comparisons. For example, a
sharp decline in commaodity prices will lead to a reduc-
tion in the GDP of many industries. With similar levels
of production and energy consumption, the energy
intensity of these industries will appear to have
increased sharply. Comparison between two regions can
also be misleading. A region with a large resource-based
sector will have a higher energy intensity than one with
a more diverse industrial base. This does not mean that
the first region uses energy less efficiently than the
second region; it simply reflects the relatively high
energy requirement of resource-based industries.

The average energy intensity for the Canadian

industrial sector is expected to decline at an average of
0.6 percent per year in Case 1 and at an average of

1.1 percent per year in Case 2 (Figure 3.11). Energy
intensity is similar in the A&R Sensitivity and Case 2.

Energy intensity is influenced by a variety of factors:
structural changes, technological changes, and govern-
ment and industry-sponsored energy conservation
programs. Structural changes to Canada’s industrial
sector will lead to a reduction in energy intensity
because energy intensive industries are expected to
grow at a slower pace than less intensive industries.

Many programs provide incentives to industrial
users to utilise energy more efficiently. The broadest-
based program is the Canadian Industry Program for
Energy Conservation (CIPEC). Under CIPEC, many
industry sectors made voluntary commitments to
achieving targets of energy intensity by the year 2000
(expressed either as energy per unit of GDP or energy
per physical unit of production).

Different assumptions with respect to technological
improvements account for most of the divergence in
energy intensity between Case 1 and Case 2. Case 2
assumes greater adoption of new energy-saving
technologies and of existing energy-efficient
technologies.

Figure 3.11
Industrial Energy Intensity
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INDUSTRY HIGHLIGHTS

An overview of the factors that were considered for key industries in developing the projections follows:

Pulp and Paper Industry

Slow GDP growth in the pulp and paper industry will act as an impediment to energy intensity improvements as it will
discourage major investments in leading-edge equipment. Nevertheless, a greater reliance on recycled pulp will help reduce
energy requirements. A more extensive use of mechanical pulping will also reduce energy needs but increase electricity utiliza-
tion. However, the more intensive use of hog fuel and pulping liquor will somewhat increase energy intensity because these
fuels have a lower fuel efficiency than fossil fuels. The net effect will be a modest reduction in energy intensity.

Iron and Steel Industry

Energy intensity in the iron and steel industry will continue to decrease due to a continued structural switch towards mini-mills
which use electric arc furnaces that use scrap steel. Greater adoption of technologies such as pulverized coal injection and
direct reduced iron will also reduce energy requirements, as they are more efficient than traditional processes.

Smelting and Refining

The smelting and refining industry is dominated by the aluminum industry, which relies almost exclusively on electricity. Energy
requirements for newer facilities are significantly lower than for older ones. Improvements in intensity will occur mainly from
investments in new plants and facility upgrades. While aluminum recycling would greatly reduce energy requirements, it is
assumed that the Canadian industry will continue to focus on the production of aluminum from raw sources.

Cement

Cement production requires large amount of energy for heating and grinding. Typically, this energy can be produced from a
wide range of fuels, including waste fuels such as paints, oils and solvents. Energy requirements are expected to decline some-
what through a greater use of heat recovery to dry raw material and for pre-heating. The conversion of the few remaining wet-
process plants to the dry process would also reduce energy requirements.

Petroleum Refining

Energy intensity in the petroleum refining industry is expected to be stable. New investments are unlikely to be targeted at
reducing energy requirements. It is expected that the industry will focus its investments towards other objectives, such as the
production of low-sulphur gasoline.

Chemicals

The chemical industry is extremely diverse. It includes the production of industrial and agricultural chemicals, plastics, resins,
fine chemicals and pharmaceuticals. Energy intensity will likely decline as a result of the projected stronger growth in the more
value-added segment of the industry (i.e., fine chemicals and pharmaceuticals). New facilities are also expected to adopt more
efficient technologies.

Mining
The mining industry includes metal, mineral and fossil fuel extraction. Fuel extraction, particularly bitumen, tends to be very

energy intensive. Since the fuel segment of the industry is expected to grow more rapidly than the metal and mineral
segments, energy intensity in the mining industry will increase slightly.

Other Manufacturing

The other manufacturing grouping is very diverse and generally has low energy requirements relative to GDP. Since it repre-
sents a wide range of industries, numerous technologies will influence energy demand. The electrical and electronics products
and the transportation equipment industries are expected to experience some of the most robust growth. Since the energy
requirements of these two industries are typically lower than that of the overall grouping, energy intensity in this category is
expected to decline.
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3.3.4 Road Transportation

The transportation sector made up 25 percent of
secondary energy demand in 1997. Road transportation
consumed 82 percent of this energy, or 1 750 PJ. Motor
gasoline,® which is mostly used by passenger vehicles,®
accounted for 72 percent of demand; diesel, which is
mostly used by freight trucks and buses, accounted for
26 percent. Together, propane, natural gas and elec-
tricity made up the remaining 2 percent. Electricity is
used in subways and commuter trains; propane and
natural gas are popular for fleet vehicles, such as taxis,
delivery trucks and buses.

Between 1985 and 1997, total energy demand for
road transportation grew by 1.8 percent per year. Over
the projection period, annual energy growth is expected
to average 1.4 percent per year in Case 1, 0.6 percent in
Case 2 and 0.3 percent in the A&R Sensitivity
(Figure 3.12). Energy demand reaches 2 555 PJ in
Case 1,2 082 PJin Case 2 and 1 926 PJ in the A&R
Sensitivity. The key difference between the three cases
is the fuel economy of the stock. Faster and greater
penetration of more fuel-efficient vehicles is assumed in
Case 2 and the A&R Sensitivity than in Case 1.

Figure 3.12
Road Transportation Energy Demand by Fuel
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In Case 1, fuel shares remain close to their 1997
levels. In Case 2, the share of gasoline falls to
68 percent while the share of diesel grows to
30 percent. In the A&R Sensitivity, gasoline declines to
61 percent and diesel increases to 32 percent.
Methanol, which powers fuel cell vehicles in the A&R
Sensitivity, makes up 5 percent of energy consumption
by the end of the period. The combined share of
propane, natural gas and electricity remains constant at
about 2 percent in Case 1 and Case 2, while it rises to
3 percent in the A&R Sensitivity.

Passenger Vehicles

Between 1985 and 1997, energy demand for
passenger vehicles increased by 1.6 percent per year. In
1997, demand reached 1 244 PJ; cars used about two-
thirds of this energy. Demand is expected to grow at
1.5 percent per year in Case 1, 0.6 percent in Case 2
and 0.2 percent in the A&R Sensitivity. By 2025, it
reaches 1 868 PJ in Case 1, 1 457 PJ in Case 2 and
1301 PJ in the A&R Sensitivity.

The main factors affecting energy demand for
passenger vehicles are the total stock of vehicles, the
average fuel economy of the stock and the average
number of kilometres travelled per vehicle (VKT).
Projected growth rates for these factors are summarized
in Table 3.2. In turn, these factors are influenced by
demographics, income, prices and consumer preference.

Passenger Vehicles: Stock

Despite vehicle stock growth of 2.0 percent per
year, the ratio of vehicles per household fell from 1.52
in 1990 to 1.46 in 1997. Declines in the average family

Table 3.2
Factors Affecting Passenger Vehicles Energy Demand
(average annual growth rate - percent)

History Case 1 Case 2 A&R Sensitivity
1985-1997 1997-2025 1997-2025  1997-2025
Energy Demand 1.6 15 0.6 0.2
Vehicle Stock 2.0 14 14 14
Fuel Economy - Stock  (1.7) 0.0 0.9 (1.3
VKT 14 0.0 0.1 0.1

5 Motor gasoline used for agricultural vehicles is included in road transportation, but has been excluded from the breakdown into passenger and freight vehicles.

6  Passenger vehicles include cars and light trucks. Light trucks include pickup trucks, full-sized vans, minivans and sport utility vehicles.
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size and an erosion of real household disposable income
led to slower stock growth. In the projection period, the
ratio of passenger vehicles per household is expected to
further decline to 1.41 by 2015. In all cases, the stock of
passenger vehicles grows at 1.4 percent per year.

Another trend in the 1990s has been the surge in
the popularity of light trucks. In 1985, the split in
vehicle sales between new cars and light trucks was
76/24; in 1997 it was 53/47. In the projection period the
split is expected to stabilize at around 55/45.

New technologies such as hybrid electric vehicles
(HEV) and fuel cell vehicles (FCV) are assumed to capture
market share in all cases. In Case 1, HEV and FCV are
introduced in 2010 and 2018 respectively and are
projected to make up 10 and 5 percent of new car and
truck sales by 2025. In Case 2, the introduction dates
are the same but the rates of penetration are 20 percent
for HEV and 10 percent for FCV. In the A&R Sensitivity,
HEV are introduced in 2002 and FCV in 2006. By 2025,
their shares of new sales are 30 and 20 percent respec-
tively. In addition, FCV are assumed to be powered by
methanol in the A&R Sensitivity while they are powered
by gasoline in Case 1 and Case 2. Relative to the A&R
Sensitivity, fairly conservative introduction dates for HEV
and FCV were assumed for Case 1 and Case 2 because
these technologies have yet to be commercially demon-
strated and consumer acceptance is uncertain.

Passenger Vehicles: Fuel Economy’

In the late 1970s and early 1980s, escalating fuel
prices and U.S. Corporate Average Fuel Economy (CAFE)
standards encouraged producers to manufacture more
fuel efficient vehicles. In this environment, the fuel
economy of new vehicles was improved by almost
50 percent (Figure 3.13). Over the last decade, CAFE
standards have remained unchanged and gasoline prices
have fallen, thus weakening incentives for fuel economy
improvements. In recent years, fuel economies for cars
and for light trucks have stayed flat because the design
changes which improve fuel economy have been offset
by the increased penetration of features like air condi-
tioning, interior space and engine power. However, the
weighted average fuel economy of cars and light trucks
has been trending upwards, due to the shift towards
light trucks in the mix of passenger vehicles.

In Case 1, the fuel economy of new vehicles and of
the stock are expected to converge and stabilize at
about 11.0 L/200km. Before 2010, fuel economy
improvements continue to be offset by amenities which
include cell phones, computer plug-ins and navigational
aids. After 2010, fuel economy is expected to improve
following the introduction of HEV and FCV. These vehi-
cles are assumed to be 25 and 33 percent more efficient
than comparable internal combustion engine vehicles
(ICEV).

In Case 2, new vehicle fuel economy is projected to
improve by 1.3 percent per year. This translates into
stock economy improvements in the range of
0.9 percent per year. By 2025, the average fuel economy
of the stock is projected to be about 8.5 L/100km. In
addition to the impact of HEV and FCV, fuel economy
improvements are derived from increased use of light
weight materials, reduced aerodynamic drag, better tires
and improved engines and transmissions.

Figure 3.13
Fuel Economy - Passenger Vehicles*

L/100 km
20
18
16
14
12
10

8_

6 T T

T T
1975 1985 1995 2005 2015 2025

Case 1 - New = Case 1 - Stock
Case 2 - New = Case 2 - Stock
AR - New — AR - Stock

1 The fuel economy of diesel ICEV and methanol FCV have been converted to gasoline
equivalent to calculate the weighted average fuel economy of all passenger vehicles.

7 The average amount of fuel consumed by a vehicle to travel a certain distance (measured in L/100km)

22 NATIONAL ENERGY BOARD



In the A&R Sensitivity, the fuel economy of new
vehicles is expected to improve by 1.7 percent per year,
which leads to improvements of 1.3 percent per year in
the fuel economy of the stock. Fuel economy assump-
tions for ICEV and HEV are the same as in Case 2.
However, FCV use methanol instead of gasoline.
Methanol-powered FCV are assumed to be 50 percent
more efficient than comparable ICEV, while gasoline-
powered FCV are 33 percent more efficient.

Passenger Vehicles: Average Number of Kilometres
Travelled

Between 1985 and 1997, VKT increased by
1.4 percent per year. Factors contributing to VKT expan-
sion included: longer commutes to the workplace, lower
fuel prices and an increase in domestic road vacations.
In the projection period, slower growth in domestic
tourism and the ageing of the population are expected
to moderate VKT growth. A study by the U.S. Department
of Transportation®suggests that those aged 55 to 64 and
those over 65 respectively drive 20 and 40 percent less
than those aged 35 to 54. In 1997, 26 percent of Cana-
dians were over 55 years of age; this share is expected
to be 36 percent by 2016.

In Case 1, VKT grows at 0.3 percent per year
between 1997 and 2010 and then declines by 0.2 percent
per year for the rest of the projection period. Case 2
and the A&R Sensitivity reflect similar trends; VKT
increases by 0.4 percent per year to 2010 and declines
by 0.1 percent over the rest of the period. VKT is
greater in Case 2 and the A&R Sensitivity because
passenger vehicles are more fuel efficient which makes
travel cheaper and encourages people to drive more.

Freight Trucks

There are two types of freight trucks: medium-
heavy trucks (MHT), usually used for short haul; and
extra-heavy trucks (XHT),® usually used for long haul.
Since the 1970s, the trucking industry has been shifting
from MHT to XHT, which resulted in increased use of
diesel. Supported by strong growth in trucking GDP,
energy demand grew by 2.5 percent per year between
1985 and 1997 to reach 461 PJ. Cross-border traffic has
been the fastest growing component; in 1997, the
trucking industry transported approximately 58 percent
of Canada’s exports to the U.S. and 80 percent of
imports from the U.S.

In the study period, growth in trucking GDP is
expected to moderate somewhat and energy demand is
projected to grow at an average of 1.3 percent in Case 1
and 0.9 percent in Case 2. By 2025, energy demand for
trucking reaches 655 PJ in Case 1 and 593 PJ in Case 2.
The A&R Sensitivity is identical to Case 2.

The factors affecting energy demand in trucking are
the stock of vehicles, the average fuel economy of the
stock and the average number of kilometres travelled by
each vehicle (Table 3.3).

Freight Trucks: Stock

The stock of XHT grew by 2.9 percent per year
between 1985 and 1997 while the stock of MHT
declined by 2.5 percent per year. In the study period,
the stock of MHT is expected to stabilize and then
experience growth in the range of 0.8 percent per year
through 2025. The stock of XHT is expected to grow at
1.9 percent per year. In all cases, the internal combus-
tion engine is expected to remain the dominant tech-
nology. Diesel engines are already very efficient; there-
fore, prospects for hybrid-electric and fuel cell engines
are limited.

Freight Trucks: Fuel Economy

The fuel economy of the stock of MHT and XHT
improved by 1.4 and 0.9 percent respectively between
1985 and 1997. In Case 1, the fuel economy of MHT and
XHT are expected to improve by 0.5 and 0.4 percent per
year respectively; in Case 2, by 0.7 and 0.8 percent.
Figure 3.14 presents the weighted average fuel
economy of MHT and XHT.

Table 3.3
Factors Affecting Freight Trucks Energy Demand
(average annual growth rate - percent)

Case 2
1997-2025

History Case 1
1985-1997 1997-2025

Energy Demand 25 1.3 0.9
MHT Stock (2.5) 0.8 0.8
XHT Stock 2.9 1.9 1.9
Fuel Economy - MHT Stock (1.4 (0.5 0.7)
Fuel Economy - XHT Stock (0.9 (0.4) (0.8)
Average Km Travelled 3.0 0.1 0.1
Trucking GDP 3.8 2.7 2.7

8  MHT weigh between 4 545 and 15 000 kilograms and consume gasoline or diesel; XHT weigh more than 15 000 kilograms and consume diesel.
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In Case 1, fuel economy improvements for new
trucks are restricted to established technologies such as
better tires, better lubricants, and electronic engine and
transmission controls. Most new vehicles are assumed to
be equipped with these technologies by 2010. In Case 2,
some advanced technologies are introduced after 2010.
These advances, which are best suited to XHT, include
ultra-high efficiency diesel engines, elimination of empty
space and advanced drag reduction.

Freight Trucks: Average Number of Kilometres Travelled

In recent years, capacity utilization in the trucking
industry has been very high. Between 1993 and 1997,
average kilometres travelled for both types of trucks
grew by 6 percent per year. In the projection period,
growth in the stock of trucks, improved driver training,
cooperation with bulk rail carriers and the use of
computer systems (e.g., global positioning systems and
two-way satellite communications links) are expected to
improve productivity and flatten out the average
number of kilometres travelled per truck.

Figure 3.14
Fuel Economy - Freight Trucks
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3.3.5 Other Transportation

Other transportation includes air, rail and marine.
Together, they accounted for 18 percent of the energy
consumed in the transportation sector in 1997, or
394 PJ. Of this amount, air represented 54 percent, rail
20 percent and marine 26 percent. The A&R Sensitivity
is assumed to be identical to Case 2.

Air Transportation

Air transportation is mainly used for passenger
travel. Aviation energy consumption is almost entirely in
the form of aviation turbo fuel. Between 1985 and 1997,
energy consumption increased by 2.6 percent per year
to reach 214 PJ. Demand is influenced by changes in the
demand for air transportation services (expressed in
passenger-kilometres flown) and by efficiency improve-
ments.

In Case 1, energy demand is projected to increase
to 301 PJ by 2025, an average annual growth rate of
1.2 percent. In Case 2, energy demand increases to
290 PJ by 2025, an average annual growth rate of
1.1 percent. In both cases, energy demand grows at
significantly slower rates than it did between 1985 and
1997. This is caused by a slower growth rate in
passenger-kilometres traveled, which is influenced by
two trends: a reduced growth rate in business travel
made possible by improvements in telecommunication
technologies; and an increase in recreational travel
supported by the active lifestyles of Canada’s ageing
population. In both cases, replacement of older planes
with newer and more efficient ones leads to improve-
ments in energy efficiency. As a result, energy consump-
tion per passenger-kilometre flown is projected to
decline by 0.7 percent per year in Case 1 and by
0.8 percent per year in Case 2.

Rail Transportation

Railways are primarily used for bulk transportation
of commodities destined for marine export. The energy
consumption is made up entirely of DFO. Rail energy
demand decreased from 85 PJ in 1985 to 80 PJ in 1997,
an average decline of 0.3 percent per year. During this
period, the demand for rail transportation services, as
measured by Rail-GDP,® increased by 2.1 percent per
year. This resulted in a reduction in energy intensity, as
measured by energy demand per unit of GDP, of



2.3 percent per year. The decline in energy intensity is
mainly attributed to increased competition and restruc-
turing which led to the use of higher capacity equip-
ment and to increased average carload weight.

In Case 1, energy demand is projected to increase
to 91 PJ by 2025, an average annual growth rate of
0.5 percent. In Case 2, energy demand is projected to
reach 89 PJ by 2025, an average annual growth rate of
0.4 percent. Rail-GDP is projected to grow at
2.4 percent per year while energy intensity declines at
an annual average rate of 1.8 percent in Case 1 and
1.9 percent in Case 2.

Marine Transportation

Marine transportation is mainly used to move bulk
goods destined for export. Marine energy demand
increased from 74 PJ in 1985 to 100 PJ in 1997, an
annual rate of increase of 2.8 percent. HFO met
55 percent of this demand and DFO met 45 percent. In
the same period, Marine-GDP™ increased at an average
of 2.1 percent per year. Energy intensity in the marine
sector, as measured by marine energy demand per
dollar of Marine-GDP, increased on average by
0.7 percent per year from 1985 to 1997.

In both cases, marine energy demand increases by
1.0 percent per year on average, to reach 132 PJ by
2025. Marine-GDP is projected to grow at 1.7 percent
per year while the marine energy intensity declines at
0.7 percent per year. The slowing in the annual growth
rate of energy demand reflects the projected slow GDP
growth in mining, forestry and agriculture.

3.3.6  Non-Energy Use of Hydrocarbons

In addition to being used as energy sources, hydro-
carbons are also employed in the production of non-
energy products, such as petrochemicals, asphalt and
lubricating agents. Non-energy hydrocarbon use in
Canada totalled 826 PJin 1997, nearly 10 percent of
total secondary energy demand. Of this amount, 567 PJ
was used as petrochemical feedstock, 127 PJ for making
asphalt, and 132 PJ for the manufacturing of lubricants,
greases and other petroleum products.

Petrochemical Feedstock
There are four major categories of feedstock used
in the petrochemical industry: ethane, liquefied petro-

10 Marine-GDP represents total real GDP in mining, agriculture and forestry.

leum gases (LPG), oil and natural gas. While the industry
as a whole uses various feedstock, most plants are only
designed to handle one type. Ethane, LPG and oil can be
used to produce various primary chemicals, such as
olefins (ethylene, propylene and butylenes) and
aromatics (benzene, toluene, xylenes). Alberta plants are
primarily based on ethane, while those in eastern
Canada are largely based on oil. LPG are also used as
feedstock in Alberta, Ontario and Québec. Natural gas is
used as a feedstock to produce methanol and ammonia
in Alberta, British Columbia, Ontario and Manitoba.

The outlook for petrochemical feedstock is depen-
dent on the world demand for primary chemicals and
on the prices of natural gas and ethane. Due to the
differences in the local supply and prices of these
commaodities, the projections for petrochemical feed-
stock vary between Case 1 and Case 2. The outlook for
the various types of feedstock is summarized in Table 3.4.

The demand projections for ethane feedstock are
directly linked to assumptions on new petrochemical
plants and expansions as these plants tend to be large.
Case 1 assumes the plant that has been expanded (1998)
and that two new plants will be built (2000 and 2004) in
Alberta. Case 2 assumes only one new plant (2004) and
the same expansion for Alberta. In addition, both cases
assume a new plant in Nova Scotia in 2001 and an
expansion of that plant in 2011. In Case 1, ethane
demand nearly triples and it more than doubles in
Case 2. Due to the assumed retirement of older plants,
ethane demand declines after 2018 in Case 1 and 2016
in Case 2.

Demand for other feedstock is often driven by plant
expansions or capacity increases. As a result, specific

Table 3.4
Hydrocarbon Demand for Petrochemical Feedstock
(petajoules)

1997 2010 2025
Casel Case 2 Casel  Case2
Ethane 120 348 300 304 256
LPG 67 94 94 118 118
Oil 160 189 189 239 239
Natural Gas 220 231 208 294 264
Total Feedstock 567 862 791 955 877
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expansions and new plants have not been identified. In
both cases, demand for oil is projected to grow by
nearly 50 percent over the study period while the
demand for LPG is expected to grow by 75 percent. In
Case 1, demand for natural gas feedstock increases by
33 percent between 1997 and 2025, and by 20 percent
in Case 2.

Other Non-Energy Use of Hydrocarbons

Asphalt is the single most significant application in
this grouping. Production of asphalt is heavily influenced
by investments on roads. Hydrocarbon demand for
asphalt production increased at an average annual rate
of 1.6 percent between 1984 and 1997. In both cases, it
is projected to increase at an average annual rate of
0.7 percent to reach 154 PJ in 2025. The slower growth,
compared to recent history, is the result of an increase
in asphalt recycling and of modest anticipated increases
in infrastructure investments.

Hydrocarbon demand for the manufacturing of
lubricating oils and greases, petroleum coke and other
non-energy uses is projected to grow at an average of
1.0 percent per year in both cases to reach 177 PJ in
2025.

3.4 SECONDARY ENERGY DEMAND BY REGION

Detailed data for each region is available in
Appendix 3: Demand.

3.4.1 Atlantic Canada

Total energy demand was 560 PJ in 1997. In Case 1,
it is expected to grow at an average of 0.9 percent per
year to reach 723 PJin 2025. In Case 2, the annual
average increase is 0.5 percent and energy consumption
reaches 651 PJ in 2025. By 2025, there is a difference of
about 11 percent between Case 1 and Case 2. Currently,
oil meets 61 percent of this demand, electricity
22 percent, renewable fuels 13 percent and other fuels
4 percent.

The exploitation of natural gas resources on the
Scotian Shelf will have a significant impact on energy
consumption patterns in the region. Natural gas will be
introduced in Nova Scotia and New Brunswick in 2000.
By the end of the projection period, natural gas
accounts for 8 percent of end use energy demand in
Atlantic Canada in Case 1 and 4 percent in Case 2. Most
of this increase is at the expense of oil.
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Propane is also expected to make inroads in the
region. The local supply, which will be extracted from
raw natural gas, is expected to be significantly cheaper
than the present supply, which is shipped to the region
by rail. In all cases, the market share of propane is
projected to increase from 1.6 percent to approximately
2.5 percent.

The popularity of wood for space heating and the
above-average presence of the pulp and paper industry,
which relies heavily on hog fuel and pulping liquor as
energy sources, contributes to the large proportion of
renewable fuels consumed in the region.

Offshore oil production in Newfoundland is one of
the key developments in the region. It will allow
Newfoundland to exhibit more robust growth than other
provinces in the early part of the projection. However,
due to a lack of information on the amount of energy
required by offshore projects, the energy demand associ-
ated with these projects has been excluded from the
projections. Nevertheless, since most of the offshore
needs are met by self-generated energy, this exclusion
does not affect the balance between the supply and
demand of energy.

3.4.2 Québec

Total energy demand in Québec was 1 709 PJ in
1997. In Case 1, it is projected to increase at an average
of 1.3 percent per year to reach 2 462 PJin 2025. In
Case 2, it grows at an average of 0.8 percent per year to
reach 2 146 PJ in 2025. The difference between Case 1
and Case 2 is approximately 15 percent by 2025. In 1997,
electricity accounted for 36 percent of total energy
demand, oil for 38 percent, natural gas for 14 percent,
renewable fuels for 9 percent and other fuels for
3 percent. In all cases, these shares remain relatively
stable over the projection period.

Québec has some of the lowest electricity prices in
North America; as a result, electricity is a significant
energy source. Large electricity users, such as the
aluminum industry, are attracted to the province. In the
residential sector, nearly 90 percent of new homes use
electric space heating. In the commercial sector, elec-
tricity is less popular, accounting for 33 percent of
space-heating requirements. Through the 1990s, natural
gas has been making gains in the commercial space
heating market at the expense of electricity. Since



natural gas is projected to lose its relative price advan-
tage over LFO, this trend is expected to slow down in
the projection period.

Light trucks are less popular in Québec than in the
rest of Canada. In 1997 they accounted for 33 percent
of new sales of passenger vehicles, whereas the Cana-
dian average was 47 percent. Having more cars in the
mix of passenger vehicles helps to curb average gaso-
line consumption per vehicle.

3.4.3 Ontario

In 1997, total energy demand was 2 726 PJ. In
Case 1, it is projected to increase by 1.7 percent per
year to reach 4 387 PJin 2025. In Case 2, it is expected
to grow at an average of 1.2 percent per year to reach
3762 PJ. There is a difference of about 17 percent
between Case 1 and Case 2 by 2025. Oil accounts for
38 percent of secondary energy demand, natural gas for
32 percent, electricity for 18 percent, renewable fuels
for 4 percent and other fuels for 8 percent. These shares
are similar to the Canadian average and are projected to
be fairly stable during the projection period.

Industrial energy intensity is well below the Cana-
dian average. This is partly due to above average elec-
tricity prices, which encourage efficient use of energy,
and to a diverse industrial structure. In Ontario, the
“other manufacturing” grouping accounts for more than
two-thirds of industrial GDP. This grouping has relatively
low energy requirements and energy uses are more in
line with those of the commercial sector (i.e., space
heating, lighting).

3.4.4 Manitoba

Total energy demand was 251 PJ in 1997. In Case 1,
it is expected to grow at an average of 1.4 percent per
year to reach 367 PJin 2025. In Case 2, the annual
average increase is 0.8 percent and demand peaks at
317 PJin 2025. By 2025, there is a difference of about
16 percent between Case 1 and Case 2. In 1997, oil met
39 percent of energy demand, natural gas 31 percent,
electricity 24 percent, renewable fuels 3 percent and
other fuels 3 percent. These shares are projected to be
fairly stable in the projection period.

Electricity prices are well below the Canadian
average and electricity captures a slightly larger market
share than the Canadian average. Through its Energy

Efficient Lighting Program, Manitoba Hydro offers finan-
cial incentives to commercial and industrial customers
who purchase the most efficient lighting system on the
market (i.e., T8 bulbs paired with an electronic ballast)
for retrofit or new construction projects.

3.45 Saskatchewan

In 1997, total energy demand was 374 PJ. In Case 1,
demand grows at 1.1 percent per year to reach 507 PJin
2025. In Case 2, it grows at an average of 0.6 percent
per year to reach 440 PJ in 2025. There is a difference of
about 15 percent between Case 1 and Case 2 by 2025.
Natural gas makes up the largest portion of total energy
consumption with a 40 percent market share. It is
followed by oil at 39 percent, electricity at 16 percent,
renewable fuels at 3 percent and other fuels at
2 percent. In all cases, these shares remain stable
throughout the projection period.

The above average share of natural gas in
Saskatchewan is primarily the result of industrial gas
consumption. Natural gas accounts for 63 percent of
energy consumed in the sector, compared to 34 percent
in Canada. This is explained by relatively low prices of
natural gas and by the significance of fossil fuel mining,
which uses gas intensively.

The residential market accounts for a larger propor-
tion of energy demand in the province than in the rest
of Canada. This is the result of the proportionately large
rural community in Saskatchewan; diesel used to power
farm equipment is considered part of residential
demand.

Light trucks have always been more popular in the
prairies than in other provinces, which leads to above-
average gasoline consumption per vehicle. In
Saskatchewan, they account for 65 percent of new
passenger vehicles sales, compared to 47 percent in all
of Canada.

3.4.6 Alberta

Total energy demand was 1 729 PJ in 1997. In
Case 1, it is expected to grow at an average of
1.5 percent per year to reach 2 607 PJin 2025. In
Case 2, it grows at 1.0 percent to reach 2 279 Pl in
2025. By 2025, there is a difference of about 14 percent
between Case 1 and Case 2. Natural gas accounts for
46 percent of total energy demand. It is followed by oil
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at 29 percent, electricity at 11 percent, other fuels at
11 percent and renewable fuels at 3 percent.

Several factors contribute to the high penetration of
natural gas in the province. Natural gas is used more
intensively in the residential and commercial sectors
than in the rest of Canada. Also, the Board’s projections
assume strong growth in bitumen production and asso-
ciated demand for gas-generated process heat. However,
the GDP forecasts may not fully reflect the assumed
expansion in bitumen production; hence, caution should
be used in interpreting the energy intensity measure for
Alberta.

The share of other fuels is expected to reach
14 percent by 2025, an increase of 3 percent. This high
penetration comes from the significant presence of the
petrochemical industry, which utilizes large quantities of
ethane and LPG to manufacture primary chemicals. This
industry is expected to exhibit substantial growth early
in the projection period.

As in Saskatchewan, light trucks account for
65 percent of sales of new passenger vehicles, which
results in above-average gasoline consumption per
vehicle.

3.4.7 British Columbia and the Territories

Projections for British Columbia also include those
for the Yukon, the Northwest Territories and Nunavut.
The three territories account for about 3 percent of total
energy consumption in the region.

Total energy demand for British Columbia and the
Territories was 1 132 PJ in 1997. In Case 1, demand
increases at an average of 1.1 percent per year to reach
1535 PJin 2025. In Case 2, growth averages 0.7 percent
per year and demand peaks at 1 359 PJ in 2025. There is
approximately a 13 percent difference between Case 1
and Case 2 by 2025. In 1997, oil met 36 percent of
demand, natural gas 26 percent, electricity 18 percent,
renewable fuels 18 percent and other fuels 2 percent. In
Case 1 and Case 2, the market share of electricity is
expected to increase from 18 to 20 percent.

The large penetration of renewable fuels is
explained by the relative importance of the pulp and
paper industry in British Columbia. That industry relies
heavily on hog fuel and pulping liquor. However, the

market share of renewable fuels is expected to decline
from 18 to 16 percent, due to the slow projected
growth of the pulp and paper industry.

Through the 1990s, natural gas has penetrated the
residential and commercial space heating market at the
expense of LFO. A worsening of the relative price of gas,
a saturation of the urban market and a lack of gas
service in more remote areas are expected to stabilize
the market share of gas in the projection period.

3.5  PRIMARY ENERGY DEMAND

Primary energy demand represents the total energy
requirement for Canada. It includes secondary demand,
intermediate uses in transforming one energy form to
another (e.g., coal to electricity) and energy used by
suppliers in transporting energy to the market (e.g.,
pipeline fuel). Within this section, energy used to
produce electricity for exports is excluded."

Total primary demand was 11 061 PJ in 1997. On
average, it is projected to grow by 1.4 percent per year
in Case 1, 0.9 percent per year in Case 2 and
0.85 percent per year in the A&R Sensitivity (Table 3.5).
Total primary demand is slightly lower in the A&R Sensi-
tivity than in Case 2. This is due to the increased pene-
tration of hydro, wind and solar energy, which have a
theoretical fuel efficiency of 100 percent.

In all cases, natural gas overtakes oil products as
the dominant primary fuel. Robust penetration in the

Table 3.5
Total Canadian Primary Energy Demand
(Petajoules)
Case 1 Case 2 A&R Sensitivity
1997 2025 2025 2025
Oil 3697 5058 4550 4250
Natural Gas 3385 6 030 4937 4905
Natural Gas Liquids 293 572 501 494
Coal 1137 1294 1070 945
Hydro 983 1374 1238 1241
Nuclear 938 1132 1132 1132
Renewable Fuels 628 809 709 897
Total 11 061 16 268 14 138 13 865

11 Primary energy used to generate electricity is included in Chapter 4. The full balance between production, consumption, imports and exports of energy is presented in Chapter 9.
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electricity generation market is responsible for most of
this growth. The market share for natural gas climbs
from 30 percent in 1997 to 37 percent by 2025 in

Case 1, to over 35 percent in Case 2 and to 36 percent
in the A&R Sensitivity. Some of the growth in the A&R
Sensitivity is supported by the manufacturing of
methanol for fuel cell vehicles.

In all cases, the share of natural gas liquids grows
from 3 to 3.5 percent. The market share of oil declines
from 33 percent in 1997 to 31 percent by 2025 in
Case 1, 32 percent in Case 2 and 30 percent in the A&R
Sensitivity.

Hydroelectric generation maintains its 9 percent
share of total primary energy through the projection
period. The share of nuclear energy declines from
almost 9 percent in 1997 to about 7 percent by 2025 in

Case 1, and 8 percent in both Case 2 and the A&R Sensi-

tivity. The market share of coal falls from 10 percent in
1997 to 8 percent in Case 1, and 7 percent in both
Case 2 and the A&R Sensitivity.

By 2025, the market share of renewable fuels is
expected to decline from 6 percent in 1997 to 5 percent
in Case 1 and Case 2. This is largely due to the expected
slow growth in the pulp and paper industry, which
currently accounts for more than 80 percent of renew-
able fuels consumption. The trend is reversed in the
A&R Sensitivity, where renewable fuels increase their
market share to 6.4 percent by 2025.

REFERENCES

a National Personal Transportation Study 1995, U.S.
Department of Transportation, 1997.
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CHAPTER 4

Electricity

4.1 INTRODUCTION

The analysis of electricity supply and associated
primary energy requirements was performed for the
two main cases described in Chapter 2: the Current
Demand Trends/Low Cost Supply Case (Case 1) and the
Accelerated Demand Efficiency/Current Supply Trends
Case (Case 2).! Three sensitivity analyses were also
conducted:

e The Transmission Sensitivity.

e The Alternative Technologies and Renewable
Fuels Sensitivity.

= The Nuclear Generation Sensitivity.

4.2 ELECTRICITY RESTRUCTURING

Electricity restructuring in Canada is expected to
impact on the electricity supply industry. Although the
timing and magnitude of restructuring will vary from
province to province, the basic trends include the
unbundling of major utility functions into transmission,
generation, distribution and marketing; allowing open
access to transmission networks to facilitate electricity
wheeling; competitive generation markets; and the
development of power exchanges, power aggregators
and brokers.

Electricity restructuring has gone furthest in the
provinces of Alberta and Ontario. For example, Alberta
was the first North American jurisdiction to implement
a competitive framework in 1995, with customer choice
expected to begin in 1999 and to prevail by 2001.

In 1999, Ontario Hydro was restructured into a
holding company, an independent market operator, a
generation company, and a transmission and distribu-
tion company. Ontario is expected to move to whole-
sale and retail competition in 2000. It is anticipated
that, by 2010, Ontario Hydro will no longer be domi-
nant in electricity generation.

1 Detailed results are available in Appendix 4: Electricity.

Other restructuring initiatives have granted non-
utility generators and neighbouring utilities transmis-
sion access. For example, British Columbia, Alberta,
Manitoba and Québec have opened their transmission
systems to competitors. As a result, they have gained
wholesale marketing status in the U.S. Other jurisdic-
tions are reviewing their policies and may follow.

In a restructured electricity environment, non-utility
generators are expected to increase their share of
generation. Distributed generation (DG) will also play a
greater role. DG refers to small scale generation
projects (generally less than 5 MW) implemented at, or
close to, load centres; thus reducing transmission and
distribution costs. Combustion turbines, internal
combustion or new technologies such as fuel cells can
apply to DG. It is assumed that DG will use natural gas
in all cases.

4.3  METHODOLOGY

An in-house computer model, the Canadian Power
Planning Program (CANPLAN), was used to perform the
load/resource balance, to develop and analyse genera-
tion? planning , and to project energy trade. This was
done on a provincial and territorial basis.

Key inputs to CANPLAN include projected electricity
demand, current generating capacities and planned
retirements and additions. Information provided by the
utilities, stakeholders and public sources were consid-
ered. The model’s main outputs relate to projected
capacity, generation, interprovincial and international
trade, and fuel requirements.

Power planning also takes into account peak
demand, defined as the maximum load during a specific
period of time (usually per hour or per day). Over the
projection period, peak demand is projected to increase
less rapidly than energy demand, reflecting the assump-
tion of improving load factors over time, due to incen-

2 Generation means the process of producing electric energy by transforming other forms of energy such as steam, heat or falling water. It also refers to the amount of electric energy

produced.
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tives for efficient use of energy such as time-of-use
pricing.? For each province and territory, capacity expan-
sion plans capable of reliably meeting system firm
energy demand and peak load were developed.

A levelized unit energy cost analysis (LUEC) was
performed for various types of new generation
(Table 4.1). LUEC takes into account projected capital
and operating costs of power plants. A real discount

Table 4.1
Levelized Unit Energy Costs
(1997¢/KW.h)

Province and Type Case 1 Case 2
Newfoundland

- Ol 454 454

- Hydro* (Labrador) 3.48 3.48
Nova Scotia

- Combined-Cycle Gas 4.85 5.24

- Coal 5.04 5.41
New Brunswick

- Nuclear 3.99 3.99

- Coal 4.26 4.49

- Combined-Cycle Gas 4.85 5.24
Québec

- Hydro* 485 485

- Combined-Cycle Gas 5.73 6.23
Ontario

- Nuclear 3.33 3.33

- Coal 3.54 3.79

- Combined-Cycle Gas 471 5.22
Manitoba

- Hydro* 3.64 3.64

- Combined-Cycle Gas 4.88 5.38
Saskatchewan

- Coal 3.12 3.24

-1GCC? 3.96 4.04

- Combined-Cycle Gas 3.98 4.50
Alberta

- Coal 2.86 2.93

- Combined-Cycle Gas 3.57 3.61

-1GCC? 3.74 3.80
British Columbia

- Hydro* 3.95 3.95

- Combined-Cycle Gas 3.78 4.28

1 Hydro generation includes the cost of transmission to market

2 Integrated Gasification Combined-Cycle

rate of 6 percent was assumed. The unit costs differ
between Case 1 and Case 2 because of different fuel

costs. With the exception of hydro generation, these
costs are at the generating site.

Hydro generation has the lowest unit energy costs
in Labrador, Québec and Manitoba. It is also the least
expensive option for British Columbia in Case 2. Coal
will be the most economical option in Alberta and
Saskatchewan and nuclear has the lowest cost in New
Brunswick and Ontario. Gas is expected to provide the
lowest cost for Nova Scotia and for British Columbia in
Case 1. However, other factors, such as lead time,
perceived business risk and preferences of power
suppliers, often lead to the selection of a more expen-
sive alternative in the projected generation choices.
Therefore, the selection of generating systems was
based on LUEC, the consultations, input from industry
and judgement.

4.4  ELECTRICITY DEMAND, CAPACITY AND
GENERATION

Total electricity demand in Canada is projected to
grow at an average annual rate of 1.6 percent in Case 1
and at 1.2 percent in Case 2 between 1997 and 2025,
reaching 820.6 TW.h and 728.1 TW.h respectively.
These projections take into account the effects of the
industry’s own uses and system losses. Figure 4.1
presents an overview of projected electricity demand
over the projection period.

To meet domestic demand and firm exports, total
generating capacity is projected to increase from
108 GW in 1997 to 153 GW in Case 1 and to 134 GW in
Case 2 (Figure 4.2). This represents a total increase of
42 and 24 percent respectively. Most of the capacity
additions will be hydro-based or gas-fired.

Total domestic generation is expected to increase
from 551.1 TW.h in 1997 to 838.2 TW.h in Case 1 and to
744.3 TW.h in Case 2, an average annual growth rate of
1.5 and 1.1 percent respectively (Figure 4.3). Genera-
tion takes into account interprovincial trade as well as
imports and exports; thus projected growth rates may
differ slightly from those related to domestic demand.
Hydro generation is expected to remain predominant,
but there will also be a shift towards more gas-fired

3 Arate design imposing higher charges during periods of the day when relatively higher peak demands are experienced.
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generation. In both cases, the shares of nuclear and
coal-fired generation are expected to decline.

4.5  ELECTRICITY DEMAND, CAPACITY AND
GENERATION BY PROVINCE AND TERRITORY

45.1 Newfoundland and Labrador

Electricity demand in Newfoundland and Labrador is
projected to increase from 11.4 TW.h in 1997 to
15.7 TW.h by 2025 in Case 1 and to 14.0 TW.h in Case 2.
This translates to an average annual growth rate of 1.3
and 0.7 percent respectively. These projections exclude
the potential load associated with the proposed Voisey
Bay smelter project. Newfoundland Light & Power (NLP)
serves about 85 percent of all retail customers on the
island. Ten percent of the load served by NLP comes
from its own small hydro generation capacity, and
90 percent from Newfoundland & Labrador Hydro. In
1997, the province accounted for 2.2 percent of total
electricity demand and 8 percent of total generation in
Canada.

Generating capacity is predominantly hydro-based
and mainly concentrated in Labrador, which has one of
the largest hydro generating facilities in Canada at
Churchill Falls. Total capacity is projected to increase
from 7 434 MW in 1997 to 11 173 MW in Case 1 and to
10 873 MW in Case 2 by 2025. In both cases, the

overall increase reflects the announced Churchill Falls
Phase 2 expansion and the Lower Churchill (Gull Island)
development. Consequently, total hydro generating
capacity is expected to increase to approximately
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10 000 MW by 2008. Oil-fired capacity, mostly installed
on the island, is projected to increase from 825 MW to
1177 MW in Case 1 and 877 MW in Case 2.

Total electricity generation in Newfoundland and
Labrador is projected to rise from 41.7 TW.h in 1997 to
62.4 TW.h in Case 1 and 61.0 TW.h in Case 2 by 2025.
The largest increases will occur in 2007-2008 due to the
Churchill expansion and Gull Island development.
Although a steady growth in oil-fired generation is
expected to occur on the island due to demand growth,
hydro’s share of generation will remain over 91 percent
throughout the period. Of the incremental energy
generated by the Churchill projects, it was assumed that
up to 17 TW.h will be purchased annually by Quéebec or
wheeled through that province to other customers.

A key issue in the outlook relates to the choice of
new generation in Newfoundland. The Granite Canal
and Island Pond developments appear to be the last
commercially viable sites on the island. Therefore, the
choice for new generation will be between oil-fired
generation and a high-voltage infeed from Labrador,
although some gas-fired capacity could be built
depending on natural gas transportation technology
from offshore oil projects. In both cases, it was
assumed that an infeed will not be built. This assump-
tion is based on the view that, without the Voisey Bay
smelter, incremental load requirements in Newfound-
land will be small compared to the transmission
capacity of an 800 MW line. During the consultations, it
was suggested that an infeed could be justified as a
replacement for more expensive and environmentally
sensitive oil-fired generation on the island. Given the
importance of this issue, an infeed has been included in
the Transmission Sensitivity.

45.2 Prince Edward Island

Electricity demand in Prince Edward Island (PEI) is
projected to increase from 0.89 TW.h in 1997 to
1.15 TW.h in Case 1 and to 1.07 TW.h in Case 2, an
average annual growth rate of 0.9 and 0.5 percent
respectively. PEI accounts for 0.2 percent of total elec-
tricity demand in Canada and relies mostly on New
Brunswick for its electricity supply.

Total generating capacity, now exclusively oil-fired,
is expected to increase from 107 MW in 1997 to

152 MW by 2025 in Case 1 and to 142 MW in Case 2.
Maritime Electric Company Limited (MECL) currently
operates two oil-fired power plants and has purchased
49 MW of capacity from New Brunswick Power’s Point
Lepreau nuclear plant and Dalhousie orimulsion gener-
ating station.

Total provincial generation is expected to rise from
0.02 TW.h in 1997 to 0.22 TW.h in 2025 in Case 1 and
t0 0.16 TW.h in Case 2. It was assumed that new gener-
ation will be exclusively oil-fired. Energy originating
from New Brunswick is delivered via two marine cables
installed during the 1970s with 400 MW of transmission
capacity.

Over the study period, although local generation is
projected to increase, PEI will continue to rely heavily
on external sources to meet the provincial load require-
ments. This will likely require capacity increases to the
interconnections with New Brunswick.

45.3 Nova Scotia

Electricity demand is projected to increase from
10.2 TW.h in 1997 to 13.2 TW.h in Case 1 and to
12.1 TWh in Case 2. This translates to an average
annual growth rate of 0.9 and 0.6 percent respectively.
Nova Scotia accounts for about 2 percent of total Cana-
dian electricity demand and generation.

Total generating capacity, which was 2 230 MW in
1997, is projected to increase marginally in Case 1 and
to remain stable in Case 2. Gas-fired capacity will be
installed by the year 2000 when the conversion of the
Tufts Cove facilities will be completed. By 2025, gas-
fired capcity will reach 1 373 MW in Case 1 and
1256 MW in Case 2. The increase mainly reflects
repowering* and replacements of retired coal and oil-
fired plants. Coal and oil capacities are therefore
projected to decline significantly while hydro capacity
remains stable.

Electricity generation is projected to increase from
10.3 TWh to 13.2 TW.h in Case 1 and to 12.1 TW.h in
Case 2. A key factor affecting the outlook for Nova
Scotia is the availability of Scotian Shelf natural gas,
which emerges as an economically attractive option for
new generation. The share of gas generation will rise
to more than 60 percent in both cases. Coal genera-

4 Repowering generally increases the output of the plant and reduces its heat rate, thus improving overall efficiency.

CANADIAN ENERGY SUPPLY AND DEMAND to 2025 33



tion, which now accounts for close to 80 percent of the
total, is expected to decline significantly.

45.4 New Brunswick

Total electricity demand is expected to grow from
13.5 TW.h in 1997 to 18.8 TW.h by 2025 in Case 1 and
to 17.3 TW.h in Case 2, which is an average annual
growth rate of 1.2 and 0.9 percent respectively. New
Brunswick accounts for 2.6 percent of total electricity
demand and 3.0 percent of total generation in Canada.

Generating capacity will increase from 4 317 MW to
4 630 MW in Case 1, but will decline slightly in Case 2

because of lower demand and fewer plant replacements.

In both cases, the Point-Lepreau nuclear plant, which
accounts for about 15 percent of current provincial
capacity, is assumed to be retired by 2023.

A key feature in this outlook is the emergence and
sustained additions of new gas-fired facilities in the
province. Over the projection period, the Board antici-
pates the installation of 2 801 MW of gas-fired capacity
in Case 1 and 2 362 MW in Case 2. Due to the prefer-
ence for gas, oil-fired capacity declines from 1 801 MW
to 9 MW by 2025 in both cases.

Recently, NB Power and Tractebel announced plans
to build a new 350 MW gas-fired plant at the existing
Belledune station site. Commercial operation is
expected to start by the end of 2001. In addition, NB
Power and Westcoast Power are considering the conver-
sion of a 100 MW oil-fired unit at Courtenay Bay into a
280 MW gas-fired combined-cycle plant by mid-2000.
These plans were included in the projections.

Electricity generation is expected to rise from
16.7 TW.h to 23.1 TW.h and 21.5 TW.h for Case 1 and
Case 2 respectively. These projections take into account
PEI's load requirements. New Brunswick’s generation is
diversified, with coal accounting for 35 percent of the
total, followed by oil (25 percent), nuclear (21 percent)
and hydro (15 percent). The share of gas is expected to
rise at the expense of coal and oil. By 2025, it is
projected to reach 69 percent in Case 1 and 64 percent in
Case 2.

455 Québec

Total electricity demand in Québec is projected to
increase from 182.4 TW.h in 1997 to 266.8 TW.h in
Case 1 and to 235.8 TW.h in Case 2, which is an average
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annual growth rate of 1.4 and 0.9 percent respectively.
Québec accounts for 35 percent of total electricity
demand and nearly 30 percent of total generation in
Canada.

Total capacity is projected to rise from 33 895 MW
to 47 227 MW in Case 1 and to 39 378 MW in Case 2.
This represents total increases of 39 percent and
16 percent respectively. In Case 1, a project the size of
the Great Whale project (3 200 MW) will be required by
2015. In Case 2, because of lower demand, only a
portion of this capacity will be needed by 2023. Hydro
capacity is projected to increase by 40 and 15 percent in
Case 1 and Case 2, respectively. In both cases, it was
assumed that the Gentilly 2 nuclear power plant will be
retired by 2023.

Gas-fired capacity, associated mainly with distributed
generation and cogeneration projects, is projected to
increase from 454 MW in 1997 to 1 076 MW in Case 1
and to 1 161 MW in Case 2. Included in the projections
is a wind energy program, whereby Hydro-Québec is
expected to increase its purchases of wind energy which
could total 450 MW by 2009.

Total provincial generation will rise from 166.1 TW.h
in 1997 to 238.3 TW.h by 2025 in Case 1 and to
202.2 TW.h in Case 2. This translates into an average
annual growth rate of 1.3 percent and 0.7 percent
respectively. Notwithstanding the projected steady
increase in gas-fired distributed generation, hydro
generation in Québec will remain predominant,
accounting for over 96 percent of the total by the end of
the period. The projections take into account the
increased flows from Labrador due to the Churchill
expansion and Gull Island development.

45.6 Ontario

Total electricity demand in Ontario is expected to
increase from 146.6 TW.h in 1997 to 268.4 TW.h by 2025
in Case 1 and to 235.1 TW.h in Case 2, an average
annual growth rate of 2.2 percent and 1.7 percent
respectively. Ontario accounts for nearly 28 percent of
total Canadian electricity demand and 26 percent of
total Canadian electricity generation.

The outlook for electricity supply in Ontario was
developed on the basis of the following key assump-
tions: the currently non-operational nuclear units will be
brought back to service by 2009; the newer nuclear



power plants (Pickering B, Bruce and Darlington) will be
extended for five years beyond their 40-year design life
and the older nuclear units (Pickering A) will be
replaced by coal-fired units. This outlook assumes no
construction of new nuclear power plants in Ontario.

Generating capacity is expected to increase from
30 314 MW in 1997 to 44 951 MW in 2025 in Case 1 and
to 39 911 MW in Case 2. This represents a total increase
of 48 and 32 percent respectively. In both cases, gas-
fired capacity will experience significant growth,
increasing from 1 661 MW in 1997 to 14 689 MW in
2025 in Case 1 and to 11 857 MW in Case 2.

Total provincial electricity generation is projected to
expand at an average annual growth rate of 2.1 percent
in Case 1 and of 1.7 percent in Case 2, reaching
263.2 TW.h and 231.0 TW.h respectively. A significant
shift towards gas generation is anticipated in both
cases; from 9.7 TW.h in 1997 to 67.8 TW.h in Case 1 and
to 51.9 TW.h in Case 2. In Case 1, nuclear generation
accounts for 35 percent of total generation by 2025,
followed by gas (26 percent), coal (21 percent) and
hydro (17 percent). In Case 2, nuclear generation is
expected to account for about 40 percent of total
generation by 2025, followed by gas (23 percent), hydro
(19 percent) and coal (17 percent).

In both cases, the projections suggest that Ontario
will become by far the largest market for gas-fired elec-
tric generation in Canada. Fossil fuel generation will
exceed nuclear generation by 2020, despite the assump-
tion of full recovery of existing nuclear plants. Given
the uncertainty related to nuclear generation, the
impacts of early nuclear retirements are examined in the
Nuclear Generation Sensitivity.

457 Manitoba

Total electricity demand in Manitoba is projected to
increase from 20.7 TW.h in 1997 to 30.2 TW.h in 2025 in
Case 1 and to 27.2 TW.h in Case 2. This translates to an
average annual growth rate of 1.4 percent and
1.0 percent respectively over the projection period. In
1997, the province accounted for nearly 4 percent of
Canadian electricity demand and 6 percent of total
generation.

Generating capacity is expected to rise from
5132 MW in 1997 to 6 509 MW in 2025 in Case 1 and
to 6 086 MW in Case 2, which represents a total

increase of 27 and 19 percent respectively. Hydro
capacity, which was 4 853 MW in 1997, is predominant
and is expected to increase by 15 percent in both cases.
It was assumed that Manitoba’s coal power plants will
be replaced by gas when they retire. Gas-fired capacity
is expected to increase from 4 MW in 1997 to 873 MW
in Case 1 and to 450 MW in Case 2. The larger increase
in Case 1 reflects higher demand as well as higher levels
of distributed generation. It is estimated that 800 MW
of new gas capacity will be added between 2008 and
2022 in Case 1. In Case 2, gas capacity additions will
not be required before 2014.

Total electricity generation in Manitoba is projected
to increase from 33.6 TW.h in 1997 to 35.9 TW.h in
Case 1 and to 35.2 TW.h in Case 2. This represents an
average annual rate of 0.2 and 0.1 percent over the
study period. Hydroelectricity, which currently accounts
for 99 percent of total generation, will remain predomi-
nant. However, increases in gas generation will lead to
a slight decline in the share of hydro. By 2025, gas-fired
generation will account for 4.5 percent of the total in
Case 1 and 2.5 percent in Case 2.

45.8 Saskatchewan

Total electricity demand in Saskatchewan is
projected to rise from 17.7 TW.h in 1997 to 27.5 TW.h
in 2025 in Case 1 and to 24.5 TW.h in Case 2. This
represents an average annual growth rate of 1.6 and
1.2 percent respectively. The province accounts for
nearly 3 percent of Canadian electricity demand and
generation.

In 1997, total generating capacity in Saskatchewan
was 2 935 MW, composed mainly of coal-fired
(56 percent) and hydro (29 percent) stations. Hydro
generating capacity is expected to remain stable in both
cases at 870 MW. Coal-fired capacity is projected to
increase from 1 635 MW in 1997 to 1 911 MW in
Case 1, but no addition is required in Case 2. Gas-fired
capacity is projected to increase from 394 MW in 1997
to 1 613 MW in Case 1 and 1 402 MW in Case 2 by
2025. Oil-fired capacity will remain constant at 31 MW
in both cases.

In both cases, 210 MW of cogeneration capacity are
assumed to be installed at the TransAlta/Husky plant at
Lloydminster. The projections also assume the repow-
ering of the Queen Elizabeth facilities.
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Total provincial generation is projected to rise from
16.8 TW.h in 1997 to 27.0 TW.h in 2025 in Case 1 and to
24.0 TW.h in Case 2. The corresponding average annual
growth rates are 1.7 percent and 1.3 percent respec-
tively. In both cases, the increase is largely provided by
gas-fired generation which is expected to rise from
0.9 TW.h in 1997 to 8.2 TW.h in Case 1 and to 7.3 TW.h
in Case 2. Coal-fired generation is expected to increase
from 11.7 TW.h in 1997 to 14.3 TW.h in Case 1 and to
12.3 TW.h in Case 2 by 2025. Hydro generation is
projected to remain stable at about 4 TW.h in both
cases.

There is more coal-fired capacity and generation
projected in the results presented in the final report
than in those presented in the Round 2 Consultations.
During these consultations, some felt that some coal
expansion would occur given the continued low cost of
coal generation in Saskatchewan. Nevertheless, the
market share of coal declines over the projection period,
to the benefit of gas.

459 Alberta

Total electricity demand in Alberta is projected to
increase at an average annual rate of 1.7 percent in
Case 1 and 1.3 percent in Case 2, rising from 55.2 TW.h
in 1997 to 88.0 TW.h and 78.7 TW.h respectively. In
1997, Alberta accounted for 10.6 percent of Canadian
electricity demand and 10.0 percent of total generation.

In 1997, generating capacity was 8 252 MW (coal:
5704 MW, gas: 1 518 MW, hydro: 841 MW, oil: 30 MW
and renewable fuels: 159 MW). Capacity is expected to
reach 13 392 MW in 2025 in Case 1 and 12 011 MW in
Case 2, a total increase of 62 and 46 percent respec-
tively. In Case 1, about 80 percent of the increase in
capacity will be gas-fired and 20 percent, coal-fired. In
Case 2, nearly all of the capacity additions will be gas-
fired. Hydro and oil-fired capacity are expected to
remain constant in both cases. Wind and biomass show
a modest increase over the study period.

These capacity projections assume the repowering
of the Rossdale, Clover Bar and Medicine Hat coal-fired
plants, the commissioning of cogeneration facilities at
Primrose (80 MW), Fort Saskatchewan (120 MW) and
Joffre (400 MW), and the planned projects of
TransAlta/Imperial Oil (220 MW) and TransAlta/Suncor
(360 MW).
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Total provincial generation is expected to increase
from 54.0 TW.h in 1997 to 88.0 TW.h in 2025 in Case 1
and to 78.7 TW.h in Case 2. This translates into an
average annual growth rate of 1.8 and 1.3 percent
respectively. In Case 1, gas-fired generation is expected
to quadruple over the projection period. The increase is
slightly lower in Case 2. Consequently, the share of gas
will rise to over 40 percent in both cases. Coal-fired
generation is expected to remain the primary source for
base load energy in Alberta. For similar reasons as in
Saskatchewan, the final projections contain more coal
than those presented in the Round 2 Consultations.

45.10 British Columbia

Total electricity demand in British Columbia is
projected to rise from 60.9 TW.h in 1997 to 89.2 TW.h by
2025 in Case 1 and to 80.8 TW.h in Case 2, an average
annual growth rate of 1.4 and 1.0 percent respectively.

In 1997, British Columbia accounted for 12 percent of
Canadian electricity demand and generation.

In 1997, total capacity in the province stood at
12 982 MW, of which nearly 85 percent was hydro-
based. Gas generating capacity accounted for
10 percent, and oil and hiomass together, for about
5 percent. Over the study period, total capacity is
expected to increase to 17 818 MW in Case 1 and to
14 579 MW in Case 2. As for other provinces, it was
assumed that surplus capacity will be used before any
new capacity is built. As a result, hydro capacity
increases in the 2014 to 2022 period in Case 1 but
remains constant in Case 2. It was also assumed that a
150 MW coal power plant will be brought on stream in
2003. Due to the installation of distributed generation
facilities, gas-fired capacity is expected to triple in
Case 1 and to double in Case 2.

Total generation is projected to rise from 65.1 TW.h
in 1997 to 85.3 TW.h in 2025 in Case 1 and to 76.9 TW.h
in Case 2, an average annual growth rate of 1.0 percent
and 0.6 percent respectively. Gas-fired generation will
be the major contributor to this growth, rising from
3.8 TWh in 1997 to 17.2 TW.h in Case 1 and to 10.7 TWh
in Case 2. Hydro generation will rise in absolute terms
but its share of total generation will trend downward;
from 90 percent in 1997 to 75 percent in Case 1 and to
81 percent in Case 2. The share of gas generation will
rise to 20 and 14 percent in Case 1 and Case 2, respec-
tively.



These generation projections take into account the
Columbia River Treaty which provides that some of the
power generated at hydro-electric plants on the U.S.
portion of the Columbia River be returned to the
Province of British Columbia. This treaty is being
amended and it is assumed that B.C would resell its
entitlements of power in U.S. markets after its domestic
demand is met.

4511 Yukon

Electrical energy demand in the Yukon was
0.37 TW.h in 1997. It is expected to increase to
0.54 TW.h in Case 1 and to 0.49 TW.h in Case 2. This
represents an average annual growth rate of 1.4 percent
and 1.0 percent respectively.

Generating capacity is projected to increase from
128 MW in 1997 to 157 MW in Case 1 and to 145 MW
in Case 2. Over the study period, hydro generation is
expected to increase marginally, reflecting small hydro
development, but oil-fired generation is expected to
capture most of the incremental demand.

4.5.12 Northwest Territories and Nunavut

Total electrical energy demand in the Northwest
Territories and Nunavut is projected to grow at an
average annual rate of 1.4 percent in Case 1 and
1.0 percent in Case 2, from 0.74 TW.h in 1997 to reach
1.09 TW.h and 0.99 TW.h by 2025 respectively.

Total generating capacity in 1997 was 242 MW of
which nearly 70 percent was oil-fired. Given the current
capacity surplus, no increase is expected in Case 2 and
only some additional capacity will be required in Case 1
(249 MW) toward the end of the projection period.
Most of the incremental demand will be met by oil-fired
generation, although some repowering to gas genera-
tion is expected.

4.6 INTERPROVINCIAL AND INTERNATIONAL
TRADE

Electricity trade can be divided into firm and inter-
ruptible trade. Firm trade tends to be long-term in
nature, generally five years or more, and may involve
the development of new generation or transmission
facilities. Therefore, it may affect the expansion
programs of generators. Interruptible trade is primarily

used to optimize the relatively short-term operations of
interconnected system