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ABSTRACT

This report derives three estimates of long-term nuclear growth
in Ontario for use in strategy studies of alternate nuclear
fuel cycles. The low and high estimates encompass the full
range of possible long-term nuclear growth rates. The middle,
or base growth, estimate, represents the nuclear growth pattern
which seems, at the present time, most likely to occur.

For the base growth estimate, nuclear capacity in Ontario
reaches 31 GWe in 2000, grows to 175 GWe by 2060, and then
remains constant. For the low growth estimate, nuclear
capacity reaches 25 GWe in 2000, peaks at 90 GWe in 2055, and
th"n declines. For the high growth estimate, the capacity in
2000 is 33 GWe, and climbs continuously to 833 GWe by the
year 2100.
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THE LONG-TERM OUTLOOK FOR NUCLEAR CAPACITY IN
ONTARIO - A STRATEGY-ANALYSIS APPROACH

1. INTRODUCTION

The purpose of nuclear strategy studies is to provide guidance
for long-range fuel cycle development programs. To be useful,
these studies must explore the full range of possible future
energy demand scenarios. None of the scenarios presented here
is proposed as a target. Rather, each is studied in order to
determine which of the nuclear strategies will enable Ontario
Hydro to maintain the greatest level of response flexibility
over the next 15-50 years.

The nuclear strategies under consideration consist of up to
three different fuel cycles, commercialized sequentially. The
time period of introduction of the final fuel cycle is between
the years 2010 and 2045. In order for the full impact of the
final fuel cycle to be felt, estimates of installed nuclear
capacity up to the year 2100 may be required.

Any single forecast of nuclear generating capacity covering
such an extended period of tine cannot be regarded as reliable.
This is due to the large uncertainties in the relationships
among the factors upon which the forecast is based.

The approach taken here is to produce three estimates of the
long-term pattern of nuclear growth in Ontario. The base
estimate corresponds to the pattern of nuclear growth which
seems most likely to occur. The high growth estimate
corresponds to the maximum level of nuclear growth deemed to be
feasible. A nuclear growth scenario involving only committed
plants, is, of course, the absolute minimum case. However, the
use of alternate fuel cycles would then be unlikely. In order
to study alternate fuel cycles, some nuclear program must be
assumed. Assuming that nuclear growth continues, the low
growth estimate corresponds to the minimum feasible level of
growth. Hence, the low and high nuclear growth estimates are,
in effect, boundary conditions on a continued long-term nuclear
program in Ontario.

Each estimate of nuclear growth is derived from a set of basic
assumptions which apply only to that particular estimate.
Thus, the low and high estimates do not define a level of
uncertainty in nuclear capacity for the base growth estimate.
Rather, each estimate corresponds to a distinct scenario for
society. Factors which were included in the derivation of each
estimate are: population, total energy demand, electrical
demand, and the nuclear share of electricity generation.
Moderate estimates, based on recent trends for each of these
factors, were combined to produce the base growth estimate.
The low and high growth estimates were produced by assuming
either consistently low, or consistently high, estimates for
each of the above factors.

- 1 -
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The estimation of minimum and maximum levels for nuclear growth
is useful for strategy analysis, because it provides the
boundary conditions necessary for a full comparative assessment
of different strategies. The large differences in the

• magnitude of installed nuclear capacity are representative of
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uncertainties in deriving long-term estimates. By analysing
each fuel cycle strategy over such a wide capacity range, the
sensitivity of the merits of each strategy to the system's
capacity growth can be established. This, in turn, permits a
meaningful interpretation of results for the base capacity
estimate.
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2. METHODOLOGY

The derivation of long-term estimates of nuclear generating
capacity in Ontario begins with projections of total energy
demand per capita. An examination of the portion of total
energy consumption held by electricity then leads to
projections of electrical demand per capita. From these, and
population projections, estimates of the total Ontario demand
for electricity are produced. Based on assumptions described
later, the estimates of installed nuclear capacity are then
derived from the corresponding estimate of total electricity
demand.

The achievability of the estimates of nuclear growth are then
examined from a number of different viewpoints. For example,
each growth estimate is assessed in terms of its effect on the
nuclear industry. Also, each estimate is examined in terms of
its capital requirements.

Each estimate of nuclear growth is based on a set of consistent
assumptions. Figure 1.1 outlines the methodology used to
derive each estimate. As an example, the derivation of the
base growth estimate will be discussed. It began with a
moderate estimate of total energy demand per capita. A
moderate share for electricity of total energy demand was then
assumed in deriving an estimate of electricity demand per
capita. Then, the base estimate of population was used with
the base estimate of electricity demand per capita, to derive
the base estimate of total electricity demand. Finally, the
base nuclear growth estimate was derived from this estimate of
total electrical demand. As shown in Figure 1.1, the boundary
conditions on nuclear growth were derived by consistently
assuming extreme estimates for each of the important factors.

The approach described above deviates somewhat from what might
be considered the usual approach. For example, low population
is usually associated with high per capita energy and
electricity demand. The reason for this is that low population
usually implies fewer persons per household, and therefore high
per capita demand. However, in order to establish a lower
limit for demand, it is assumed here that even for low
population, energy and electricity demand will be low.
Similarly, it is assumed that even for high population growth,
per capita demand will be high.

These assumptions may imply a change in lifestyle in the
future. For example, it may turn out that conservation efforts
and high prices for energy will result in low growth in per
capita energy demand. Or, it may turn out that, regardless of
price, society's appetite for energy will not diminish, and
demand will remain high. However, by associating low per
capita demand with low population, and high per capita demand
with high population, the actual future total demand for
electricity is likely to fall within the range considered.
Therefore, the actual pattern of future nuclear growth is also
likely to fall within the range considered.

- 3 -
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3. ESTIMATES OF ELECTRIC GENERATING CAPACITY

I 3.1 Introduction

( This section summarizes the estimates of installed electric
generating capacity. The split between different types of
generating capacity, shown in Figures 3.1 and 3.2, was derived

I
for each growth estimate from a corresponding estimate of peak
electricity demand. Section 4 contains a detailed description
of the derivation of the total electricity demand estimates.

I The assumptions used in deriving the breakdown of installed
capacity from the corresponding estimate of peak demand are
discussed below for each growth situation.

3.2 Base Growth

After the year 2000, it is assumed that nuclear comprises half
I the total installed capacity up to the year 2045. This
• assumption is consistent with Ontario Hydro's recent

generation expansion programs. Also, a reserve margin of 30%
9 for the total generating system is assumed.

After the year 2045, it is assumed that one or more new methods

I of generating electricity are commercialized. The initial
penetration rate of the new methods is assumed to be similar to
the rate at which electricity penetrated the total energy
market. Furthert it is assumed that after the introduction

I period of the new methods, a constant level of installed
nuclear capacity is maintained.

• 3.3 Low Growth

Again, it is assumed that a system reserve capacity of 30% is

I
retained, and that nuclear comprises 50% of the total capacity
up to the year 2035. However, the low growth estimate assumes
that a new electrical generation method is then introduced. It
is also assumed that the new method is economically superior to

I nuclear, so nuclear generation of electricity is gradually

I

I
I
I

phased out.

3.4 High Growth

The high growth estimate also assumes a system reserve margin

I
of 30%. However, it is now assumed that nuclear will comprise
60% of the total capacity after the year 2000. Furthermore, no
new generation method is assumed, so the nuclear capacity
continues to grow according to the growth in total electricity

I demand.
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I capita is expected to increase, simply because the average

4. SUPPORTING ANALYSIS

4.1 Total Energy Demand per Capita

Until at least the turn of the century, total energy demand per
capita is expected to increase, simply because the avere
number of persons per household is expected to decrease.

I Since 1961, the average total energy demand per capita in
Ontario has increased by about 70%. However, over the same
period, the average total energy demand per household has

I increased by only 40%. Ths reason for the difference is that
the number of persons per household dropped by 20%, from 3.80
in 1961 to 3.18 in 1977. Reference 1 projects that in the year
2001, the average number of persons per household will be

I between 2.68 and 3.00. Therefore, even though some people may
feel no need to increase their energy consumption, the average
energy demand per capita would be expected to increase.

8
Eventually, however, the number of persons per household will
level off, resulting in a moderation of the growth rate of
energy demand per capita.

Projections of average total energy demand per capita are shown
.in Figure 4.1. For ease of comparison with electricity demand,
total energy demand is expressed in average continuous demand
in kW per capita. The projections recognize that higher energy
prices will result in lower demand growth rates and that, at
some time, a saturation level may be reached.

The high growth curve of Figure 4.1 corresponds to only a
slight drop in growth rate over the next 20 years. After 2000,
it is assumed that a partial saturation of energy consumption
is reached, and the growth rate of per capita energy demand
continues to decline.

The base growth curve exhibits an immediate departure from
exponential growth, and corresponds roughly to linear growth
from 2000 to 2040. This implies a declining percentage growth
rate, which is consistent with the trend of the last six years.

The low growth curve corresponds to a continuous reduction in
energy demand growth. Average total energy consumption per
capita increases slowly to the year 2040, and then levels off.

4.2 Electricity Demand per Capita

4.2.1 Introduction

Future electricity demand per capita can be assessed by
examining past and present trends in electricity demand, or by
estimating the portion of total energy demand which will be
satisfied by electricity. Both approaches are used here in an
attempt to produce estimates of future electricity demand per
capita which will bracket the actual pattern.

- 8 -



4.2.2 Trend Analysis

As mentioned above, the common factor in almost all demographic
projections for Ontario is that the number of persons per
household is likely to decrease up to at least the year 2000.
Electricity demand per household is not simply proportional to
the number of persons per household. Certainly, there is a
component of electricity demand which is directly proportional
to the number of persons, but a certain base level of demand is
maintained regardless of the number of persons. For example,
the annual electricity consumption by refrigerators, freezers,
air conditioners, electric lawnmowers and electric heating is
nearly independent of the number of persons per household.
Thus, on a per capita basis, electricity demand for the
residential sector would be expected to increase simply on the
basis that the number of persons per household is likely to
decrease.

Furthermore, the electrical energy which is used as an input in
the manufacturing sector will ultimately also be used by a
smaller number of people. For example, the electric energy
consumed in the manufacture of a refrigerator can be thought of
as being expended among the people occupying the household
which ultimately purchases the refrigerator. Again, fewer
persons per household implies increased electricity consumption
per capita, this time, for the manufacturing sector.

Another important consideration in estimating per capita
electricity demand is the growth in the number of electrical
appliances per household. Figure 4.2 shows the increase over
the past decade in the fraction of Ontario households
possessing certain electrical appliances. Also shown is the
increase in the number of households possessing two or more
automobiles. The trend towards an increasing dependence on
electric appliances is clear. For example, the fraction of
households with two or more televisions increased at an average
rate of 6.8% per annum over the period considered. While it
cannot be assumed that the level of saturation for all
appliances will eventually reach that of the refrigerator, it
is reasonable to assume that the saturation level for the other
appliances has not yet been reached. The possible introduction
of new electric appliances adds further evidence that the
growth rate of electricity consumption per household is not
likely to exhibit a rapid decline.

An increasing dependence on electrical appliances implies a
corresponding increase in electricity demand per capita for the
manufacturing sector. This trend also applies to
non-electrical appliances which require an input of electricity
in their manufacture.

It appears, therefore, that there are a number of reasons for
expecting electricity demand per capita to maintain a fairly
vigorous growth rate to at least the end of this century.
First, as shown in Figure 4.2, past trends indicate that

- 9 -
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electricity consumption per household is likely to continue to
increase, thereby increasing the electricity demand per capita
for both the residential and manufacturing sectors. A further
increase can be expected because the number of persons per
household is likely to decrease.

4.2.3 Penetration Analysis

In terms of the fraction of total energy consumption, the
expected increase in per capita demand for electricity can be
estimated by assuming different penetration rates of
electricity into the total energy market. Since 1958,
electricity's portion of total energy consumption has increased
at an average annual rate of 1.9%, to the point where it now
satisfies about 15% of Ontario's total energy demand.

Fisher and Pry(2) have developed a model for predicting the
penetraticu rate of a new technology into the market held by an
older, competing technology. The model assumes that once the
new technology has captured a few percent of the market, it
will proceed to capture the total market. However, models of
this type can be applied only with extreme caution to the
situation where electricity is penetrating the total energy
market. The reason is that electricity may be economically
feasible or technically feasible for only certain applications.
Thus, the penetration of electricity may never proceed past a
certain point.

According to the Fisher-Pry model, and based on historical
data, electricity would satisfy 50% of Ontario's energy demand
by the year 2037. However, for the reasons just mentioned, it
will be assumed here that even for a high penetration rate,
electricity will not supply 50% of Ontario's energy until about
the year 2050. The base penetration rate assumes an even lower
relative demand for electricity, and levels off at about 55%.
The low penetration rate assumes that the demand satisfied by
electricity increases slowly, to slightly more than double its
present level in the year 2040, and then remains constant.
Figure 4.3 shows each of the three estimates of electricity
penetration.

4.2.4 Results

Figure 4.4 shows estimates of average electrical demand per
capita for Ontario. Each was calculated by multiplying the
corresponding estimates of total energy demand per capita and
electricity penetration rate, according to the method shown in
Figure 1.1.

I This approach is consistent with the goal of attempting to
estimate the widest reasonable range of future electricity
demand.

Note that prior to about 2010, there is little divergence
between the low and high curves of Figure 4.4. This results

- 10 -



from the expected continued penetration of electricity into the
total energy market, as well as from the other factors, which
would contribute to increased per capita demand. After 2010,
there is significant divergence of the estimates. This
reflects increased conservation, or saturation of electrical
devices, for the low curve; or a greater trend towards
electrification as fossil fuels become relatively more
expensive, for the high curve. The base curve is a moderate
estimate, with the per capita demand growth dropping from
3.5%/a in 1980, to 3.3%/a in 2010, and 2.6%/a in 2030.

4.3 Population

Ontario Hydro's Power Market Analysis Department has produced
projections, to the year 2007, of population in Ontario. The
trends of three of the projections were extended to the year
2100, and are shown in Figure 4.5. They are in good agreement
with projections to the year 2000 by Statistics Canada(3) and
the Ontario Ministry of Treasury, Economics and
Intergovernmental Affairs(1). The low growth curve corresponds
to low fertility and net in-migration of 25,000 per annum. The
base growth curve also corresponds to low fertility, but the
net annual in-migration is 75,000. The high growth curve
corresponds to high fertility and net annual in-migration of
100,000.

Note that even the high growth curve is not exponential, and so
corresponds to an ever-decreasing percentage growth rate of
population. Therefore, unless the demand per capita increases
more rapidly than in the past, total electrical demand must
also exhibit a trend towards a lower percentage growth rate.

4.4 Total Electricity Demand

Estimates of total peak demand for electricity in Ontario are
shown in Figure 4.6. Each was calculated from corresponding
estimates of population, and average electricity demand per
capita.

The ratio of average demand to peak demand was assumed to be
.667. Since 1950, this ratio has averaged .645, with a
standard deviation of .003. However, since 1967, the ratio has
increased slightly, to .658±.004. Thus, for the future, a
value of 2/3 was arbitrarily assumed.

Also shown in Figure 4.6 is a line corresponding to the
continuation of the 5.1% per annum average growth in demand
which is expected to occur between now and the year 2000. This
growth rate corresponds to that for the generation expansion
program as of late 1978. After 2020, however, even the high
growth curve falls below this growth level.

The average rates of growth of peak demand indicate that, for
all cases, a significant decline is expected. The major factor
influencing this decline is the expected decline in the growth

- 11 -



rate of population. Even the high growth estimate for
population is sub-linear, and so even a constant growth rate in

I per capita electricity demand would result in a declining
growth rate of tot^l electricity demand.
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FIGURE 4.5
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5. FEASIBILITY OF CAPACITY GROWTH ESTIMATES

5.1 Introduction

The estimates of future nuclear generating capacity presented
in Figure 3.2 are based solely on considerations of
demographics and energy demand and supply. In this section,
each estimate is examined with respect to other factors which
might restrain the growth of installed nuclear capacity.

5.2 Nuclear Industry in Base Growth Scenario

As shown in Figure 5.1, the rate of installation of nuclear
facilities for the base growth estimate increases slowly to
about 6000 MWe per annum in the year 2050. The periodic
variations which occur thereafter are due to the replacement of
decommissioned stations during a period of cons cant total
installed nuclear capacity. In practice, these fluctuations
may be smoothed out. However, the installation rate is seen to
change by a total of only 2000 MWe/a over a period of 20 years,
which is a variation which may be tolerable to the nuclear
industry.

5.3 Nuclear Industry in Low Growth Scenario

For the low growth estimate, the installation rate averages
about 1000 MWe per annum to 2000, and increases to just below
3000 MWe per asnum by 2020. The installation rate remains
essentially constant to 2050, then slowly decreases as nuclear
is phased out. For unit sizes of 850 MWe to 1250 MWe, these
rates correspond to roughly one unit per annum prior to 2000,
and 2.4 to 3.5 units per annum to 2060.

According to a paper presented at the 1978 CNA conference(4),
if the order rate for new reactor units does not increase above
the 1970-1977 annual average of 2.3, the majority of nuclear
manufacturers would find the nuclear industry uneconomic by
1980, and would be forced to leave the industry. Thus, it
would seem that after the year 2000, the order rate for new
units required by the low nuclear growth curve is just
sufficient to maintain a viable nuclear industry. Before 2000,
however, there is some cause for concern, as the expected order
rate is below that considered necessary. Thus, Ontario Hydro
must depend on exports or other provinces to fill the
short-term gap. With the recent Roumanian agreements, the
export market is beginning to look more promising, and could
represent a solution. However, in the long-term, the low
nuclear growth estimate just fulfills the requirements to
maintain a viable industry and, assuming the continuation of
some nuclear program in Ontario, is justified as representing
the minimum feasible level of nuclear growth.

- 19 -
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5.4 Nuclear Industry in High Growth Scenario

I
I

The installation rate for the high growth estimate increases
rapidly after the year 2000. By 2030, the installation rate
reaches 9000 MWe per annum. If circumstances are such that
demand in Ontario is high, it is likely that the total Canadian
requirement for new units could be at least double that of
Ontario. Thus, the total installation rate for Canada in 2030
could be 18,000 MWe/a.

As indicated in Reference 4 the Canadian nuclear industry is

I now capable of a maximum installation rate of 3,500 MWe/a. An
installation rate of 18,000 MWe/a in 2030 corresponds to an
annual growth rate of 3.3% for the nuclear industry.
Furthermore, this expansion must continue throughout the very

I long-tern. Although at the present time this expansion rate
would probably be welcomed by the nuclear industry, it is
difficult to determine if a constant 3.3%/a growth rate could
be maintained for a period of 50-100 years.

I
I
I
I
I
I
I
I An examination of the factors which affect capital availability

leads to the realization that energy demand is strongly linked
to economic activity, and that economic activity is the prime
factor affecting capital availability. Figure 5.2 shows the

( general relationship between capital requirements and capital
availability. The key point emerging from the figure is that
the set of economic and demographic assumptions used to derive

I a forecast of capital requirements is also used to derive the
corresponding forecast of capital availability. Figure 5.3
shows that there has been a linear relationship between the
growth of energy demand in Ontario and economic growth in

I Ontario Hydro's major capital markets. A continuation of this
trend is expected. Capital availability is strongly linked to
economic growth.

I
I

5.5 Capital Requirements

One of the goals of long-term strategy studies is to compare
the capital requirements of various strategies with expected
capital availability. However, until the completion of the
detailed strategy analyses, no conclusions regarding capital
requirements versus availability can be reached. Yet one might
argue that, when compared to the base growth case, the capital
requirements for the high growth scenario would seem to be
prohibitive. Consequently, consideration should be given to
reducing the wide range in the capacity growth estimates even
prior to the commencement of detailed strategy studies.

It must be remembered, however, that the three capacity growth
estimates were derived from three different sets of basic
assumptions. Thus, the economic and demographic conditions
which led to the base capacity growth estimate are very
different from those which led to the high capacity growth
estimate. Similarly, the factors which affect capital
availability will also be different.



The implication of Figures 5.2 and 5.3 is that high demand for

I
electricity will occur only if economic growth is also high.
Thus, high capital requirements will coincide with high capital
availability. One should not, therefore, dismiss any of the
estimates of capacity growth as posing unrealistic capital

I requirements. It would take a detailed forecast of both
capital requirements and capital availability for the
particular growth scenario under consideration before any

m conclusion of this type can be reached.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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FIGURE 5.1
Estimates of Ontario Nuclear Generating Capacity Installation Rate

2080 2100

- 22 -



FIGURE 5.2
Relationship of Capital Requiroments and Capital Availability
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FIGURE 5.3
Relationship of Ontario Energy Demand to Economic Activity
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I
6. DISCUSSION

| The foregoing analysis has attempted to assess the major
factors, such as population, total energy demand, electricity's

I share of total energy supply, and methods of electricity
generation; in order to produce estimates of lower and upper
bounds for long-term nuclear growth in Ontario.

I The discussion in the previous section has shown that this
approach does not result in seemingly unachievable estimates.
However, there are indications that a significantly wider
spread in the estimates might pose unachievable requirements
for the nuclear industry.I

I
The base nuclear growth estimate was derived by consistently

assuming moderate trends. As such, i t represents an estimate
of probable nuclear growth in Ontario for the very long-term.

I
I
I
I
I
I
I
I
I
I
I
I
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