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" near future under our National Science Foundation grant.

r— '~ PREFACE

This report summarizes the results of one part of a broad study effort under the

" Rand Energy Program on The Growing Demand for Energy. The Energy Program

is focused on the underlying cause of the conflict between energy and the environ-
ment—the rapid increase in demand for energy in all its forms, and the implications
of this growth on the supply system. :

The work described here was performed for the California State Resources

- Agency, with additional funding provided by our grant from the National Science

Foundation for energy studies. :
The purpose of the study was to prepare est1mates of future demarnds for elec-
tricity in the state for several alternative futures for California. These estimates are

. intended to be used by the Resources Agency, in conjunction with other projections’
. by the California Public Utilities Commission and the individual utilities, to aid in
- the preparation of a Twenty Year Power Plant Siting Plan for California. In addi-

tion, the methods used in making the estimates will be made available to the

(Resources Agency for future revisions of the results as new information develops..

A related study effort is being completed for the Committee on Planning and

- Land Use of the California State Assembly. This work involves two study tasks: (1)

to examine the critical issues in establishing appropriate and effective policy for a.

- power plant siting agency, and to discuss the alternative structures, functions, and .

procedures for such an agency; and (2) to analyze the effectiveness and impact of
policies for slowing the growth in electricity consumption in the state. The results
of these two studies are summarized, respectively, in Rand R-1115-RF/CSA, Calijor-

" nia’s Electricity Quandary: II. Planning for Power Plant Siting, by Ball, Salter, et
al,, and Rand R-1116-NSF/CSA, California’s Electricity Quandary: III. Slowing the’

Growth Rate, by Doctor, Anderson, et al. ‘
As the titles indicate, these three reports are related and complementary to;
each other, addressing various aspects of a single problem: the growing conflict,
between energy needs and environmental protection. y
Several detailed reports are in preparation to provide additional information on,
some of the issues summarized herein. These will be completed and published in the

#:
G

#  Deane N. Morris;
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BACKGROUND AND SUMMARY

How much electrical energy will California need each year over the next thirty
years? The purpose of this study is to provide state planners with a better method
of estimating future demand.

THE GROWING DEMAND

California’s needs for electricity were first satisfied by installing hydroelectric
facilities in the Sierra Nevada and on the Colorado River. Then came the addition
of fossil-fuel-burning thermal generators in or near the large metropolitan areas.
The few generating stations installed in those early years created few enough prob-
lems, with little or no adverse impact on society and the physical environmen?.

But the demand for electricity has been growing. Fed by both an increasing
population and a rising per-capita demand for electricity, it has required a doubling
of generating capacity every 8.5 years. The root problem is the compounding effect
of this kind of growth, which can be deceptive. In its early stages it requires only
small additions to capacity to keep pace with demand. For example, doubling one
power plant adds only one power plant. But the situation worsens, and with increas-
ing speed. The fifth time of doubling adds 32 power plants and the tenth time of
doubling adds over 1,000 power plants. When the interval of doubling is less than
a decade, as it is in California, the prospects are sobering. This rate of growth cannot
continue, for it would theoretically outstrip the ability of society to finance, build,
and even find room for the generating facilities—to say nothing of supplying them
with fuel and of their impact on the environment.

THE ELECTRICITY QUANDARY

And so we have a quandary of major proportions, which has resulted in wide-
spread disruption of the planning process. What was once a small amount of sulfur



F

“and nitrogen oxides emitted into the air at a few locations now has become a

' sufficient burden on the atmosphere to contribute to widespread air quality prob-

lems and the enactment of stringent legislation governing such emissions. What was

- once a relatively minor amount of cooling water required for these generating plants

now has reached such proportions that the availability of cooling water is a prime
concern in siting new plants. _ .
Basic fuels for the generation of electricity were found in California’s plentiful

" oil supplies. With the establishment of new air quality standards, these supplies are
~ now less usable, and as a result the state has turned to nuclear fuels and to the use

of coal in generating plants located beyond the state’s borders. But problems exist
even here, as we realize that local air pollution is avoided only by exporting it
elsewhere, and that the strip mining of coal makes its own contributions to environ-
mental degradation. Moreover, the search for plant sites close to the ocean, where
plentiful cooling water exists, has raised serious questions about the proper use of
coastal lands and the effects of waste heat added to the water.

Even with abroad consensus of public opinion, the solutions to these and related
problems would be neither simple nor prompt. For example, the long lead times
required to create new capacity mean that decisions made now will not take effect
for seven years or longer. But sharply conflicting opinion is delaying action of any
kind, including virtually every construction project proposed or planned by electri-
cal utility companies at the present time. Government officials are besieged from all
sides with all points of view, and much of the controversy has ended in the courts.
It is clear that policies must be formulated to deal with the issues surrounding future
demand for electrical energy.

FORECASTING DEMAND AND FORMULATING POLICY

Before constructive policies can be made, improved understanding of future
demand is essential. If, for example, one concludes that the demand for electricity
will not taper off without policies to curb that demand, policy formulation might be
directed at ways to reduce the growth rate to keep it within the bounds of our
physical capacity to deal with it.

If, on the other hand, the growth in demand is expected to taper off, policy-
making might then be directed at questions of power plant location, type of basic
fuel, cooling methods, and other matters substantially different from those con-
nected with changing the basic rate of growth of demand.

In any event, the first step towards understanding is the development of im-
proved methods of forecasting demand.

THE RAND FORECASTING MODEL

In this study, we began by analyzing the use of electrical energy in the state and

_ examining the methods now used by utilities and others to forecast future electricity

vi



" needs. We found that no systematic method exists to project future electricity de-
mand on a statewide basis; instead, it is done by summing the projections of all
utilities. Because little or no coordination between utilities seems to take place, each
projection is made with different techniques and different assumptions about the
future of the state.

From our examination of the use of electricity, we identified the determinants
of use where we could do so, and then constructed an analytical forecasting model
designed for use on a statewide basis. This model corrects some of the features of

_ present methods, because it applies a uniform forecasting method to the entire state,
and because assumptions about the future of the state affect all utility marketing
areas consistently. Further, the Rand model includes far more detail than do most
of the present projection methods, which means that many more questions of inter-
est can be studied through its use.

We then applied this model to five cases of interest, both to demonstrate its use
and to explore a range of plausible futures for the state. These cases covered varying
conditions of economic and demographic growth: the “anticipated” case, high and
low growth cases, and two cases with energy price increases.

CONCLUSIONS
Our use of the model yielded these conclusions:

1. Future demand for electrical energy is expected to fall well below what
might be anticipated from straightforward extrapolation of past consumption. For
the residential and commercial sectors, the prime cause of this slowdown is the
expected introduction of equipment and appliances that consume less electricity
than those now in use. This should slow the trend towards increased consumption
per customer.

: In the industrial sector, observed trends towards increased consumption of elec-
tricity per unit of output are also expected to slow and stabilize as the replacement
of labor by machinery reaches practical limits, and as the composition of the state’s
industrial base slowly changes due to changes in resource availability in such a way
as to replace heavy users of electricity with lighter users.

2. Policies intended to reduce the demand for electricity by raising its price are

" likely to have an important effect on the commercial and industrial sectors and a

! smaller effect on the residential sector. In the residential sector, some people will

. simply adjust to higher prices, and others will switch to gas-fueled appliances when

" their electric appliances wear out. Commercial customers are expected to behave

. similarly. In the industrial sector, switching from electricity to less expensive forms

* ofenergy would be likely, as is some minor impetus for certain specialized industries
to relocate in areas where electricity is less expensive.

3. Future demands for electricity are sensitive to the size of the state’s popula-
tion and to the size of its economy. Forecasts of future electricity needs must there-

‘L fore be prefaced with careful economic and demographic forecasts.

vii
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The study also revealed that a system is needed for collecting more detailed
energy data, both on demand and supply. And it made plain the need for research
leading to better understanding of the effect of price changes on the demand for
electrical energy.

Three additional volumes on the derivation of the model and one volume of
instructions for its use are in preparation.

viii
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I. INTRODUCTION

This study deals with estimating California’s future demands for electrical en-
ergy. The subject has been widely studied in the past, and in fact is a constant
concern of each of the utilities in California. However, their efforts have largely been
confined to individual utility marketing areas, and there is no system to ensure that
each bases his estimate on a consistent and uniform set of assumptions about the
future of the state. In addition to these limitations of the inputs to the estimating
process, the estimating methods in use vary widely from one utility to another, and
tend to be oriented towards a statistical extension of past growth in the demand for
electricity. Past experience has shown the statistical extension technique to be
simple and reliable, but everyone, including utilities estimators, recognizes that the
growth rate is exponential in nature and agrees that it is impossible for this growth
rate to continue indefinitely.!

In this study, we have tried to correct the failings of the present method. We

~ viewed the state as a whole, developing consistent input data on a statewide basis.

prs——

These data were used in a computerized forecasting model driven by social, demo-
graphic, technical, geographical, and other factors.? The input data were developed
from five cases of possible future conditions. The cases span a reasonable range of
possibilities, embracing not only a generally accepted view of the future, but also
including reasonable limits in economic and demographic growth, and some an-
ticipated increases in the price of energy. They have been designed to highlight and
contrast those differences that would have a critical bearing on electricity demand.
One of the cases, the base case, was formulated to provide an independent projection
of California’s electrical energy needs, assuming a “surprise-free” future. This does
not necessarily imply that there will be no surprises, but rather that the net effect
of all unanticipated events will be the same in the future as it has been in the past.
“Real” surprises, therefore, become those that do not net out to the trend of the past.
Our base case vision corresponds closely to the future that other demographers and
economists have identified. We emphasize, however, that our base case is not in-

! Further discussion of the data base and present forecasting methods is contained in Appendii D.

* A general description of the model is contained in Appendix B, and the methodology is documented
in Refs. 1 through 4. . :



tended as a forecast but rather as a projection of one possible set of future conditions.
We cannot offer the reader any scientific estimates of its likelihood.

In order to bracket our base case with plausible upper and lower boundaries, we
constructed two alternative cases that depict different levels of population and
economic growth for the state—one higher than the base case, the other lower. The
reader may prefer to think of the base case, together with the high- and low-growth-
rate cases, as a plausible spectrum of analysis, consisting of a “high,” a “low,” and
a “best” guess. But “best” is not necessarily equivalent to “prudent” or “less risky.”
Indeed, the reader himself must decide on the most appropriate meaning of this
word, given his own needs.

These three estimates, however, do not account for the possible effects of in-
creasing energy prices. To explore these effects, we developed two additional alterna-
- tive cases. The first retains the assumptions of the base case about population and
economic activity, but assumes further that the prices of various energy forms
change in the future. For example, if the price of electricity were to rise substan-
tially in contrast to the price of gas, then we would probably find that many fewer
houses would be built featuring all electric services, and that many people would
switch from electrical appliances when their old appliances wore out. Thus the
estimate of electrical energy needs made in this case displays a first-order reaction
to increased energy prices.

The second variant is perhaps the most informative case we have to consider.
Here, too, the price of energy is assumed to rise; but rather than simply observing
the first-order effects of price increases, we have traced their secondary influences
on California’s economic growth as well. For example, if all energy prices were to
increase significantly, industrial output might be affected. Thus, if energy prices in
the state were to rise in contrast to prices in other states, then industrial growth
might be impeded, as industries in the state felt some pressure to relocate. Because
of this, one could ultimately expect the rate of population growth to slow down as
fewer migrants were drawn to California. In turn, this would inhibit growth in other
sectors, such as the commercial sector.?

Our five cases, then, comprise a broad spectrum of possibilities, ranging from
a resumption of past economic “boom” to an economy whose performance is hand-
icapped by the rising price of electricity. We can summarize these five cases and
their relationship to one another as follows:

Base case.

Base case with price increases.

Low growth case with price increases.

Low growth case with constant prices.

High growth case with constant prices.

Ovi N

* The terms “sector” and “socioeconomic sector” are used interchangeably in this report. The term
refers to an electricity consuming group characterized by similar attributes. Thus the rgsgden.tlal sector
comprises houses and apartments; the industrial sector comprises manufacturing and mining industries,
etc.



Case Number

Constant Increased
Energy Energy
Case Prices Prices
Base case 1 2
Low growth case 4 3
High growth case 5

Prognostication is a tricky enterprise, rarely engaged in without elaborate qua-
lification. We hasten to add our own here. The term “forecast” is a deceptive misno-
mer: Usually it refers less to a conscious prediction than to an illustrative projection
based on an explicit set of assumptions about a particularfuture. Projections become
forecasts only in the eyes of a presumably knowledgeable beholder, who must have
a sound basis for adopting the assumptions as being “most probable.” Often, this
degree of prescience simply is impossible; yet the mere description of hypothetical
assumptions may be interpreted as an explicit endorsement of their validity. We
caution the reader against interpreting these cases as actual predictions about the
future.

We do offer the cases as one approach to the necessary task of balancing uncer-
tainty with circumspection. Effective use of projections requires hedging bets
against various contingencies, so as to be better prepared to meet what the future
may hold. These cases are designed to illuminate the contingent, not to chart the
probable.



II. DESCRIPTION OF CASES

Formulating a case for projecting future electricity demands is fraught with all
of the usual difficulties in assessing what the future will be. Despite these difficulties,
many agencies actively engage in forecasting various aspects of the future, and thus
it is possible to formulate a case based upon the judgments of such agencies. The two
major questions which affect the need for electricity in the future are those of the
population and the economy of the state. Both of these have been addressed in detail,
the former by the Population Research Unit of the California Department of Fi-
nance, and the latter by the Business Forecasting Project at the UCLA School of
Management. The projections of these two agencies are widely used, and can be
considered a generally accepted view of the future.

In this study we used the results of a UCLA forecast (which in turn uses Popula-
tion Research Unit data) to formulate a base case description of the future of
California. Then we used this description of the state as the basis for a projection
of electrical energy needs. We recognize, however, that this description of the future
might not be correct. As in all forecasts, a reasonable part of the input is based on
judgment and educated guesswork about the behavior of people and societal mech-
anisms. Consequently we have formulated and described four other cases. Each of
these cases is entirely plausible and produces different projections of the need for
electricity, and each has been written to encompass a relatively broad spectrum of
possibilities. The electricity forecasts made from them are equally broad, and serve
the purpose of describing the limits between which electricity demands may lie as
a function of assumptions about the future. A description of the cases follows.

BASE CASE (1)

The base case future, carried out to the year 2000, implies a population growth

that conforms approximately to that projected by the Population Research Unit of

- the California Department of Finance in Sacramento [5]. Its projections are based
1. on an assumed completed fertility of 2.45 births per woman (corresponding to the
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Bureau of the Census Series D projection of population growth) [6] and an assumed
net gain of 150,000 migrants annually by 1979-1980.

Economically, the base case implies that gross state product (GSP),* $79.65
billion in 1970, reaches about $339 billion by 2000 (1958 dollars). This is equivalent
to an increase in per capita GSP from $4,043 to about $10,000, or a compound annual
rate of 3.08 percent.

Growth in GSP is due to several factors. The foremost is that while population
would grow approximately 70 percent, employment would more than double owing

- to increased labor force participation.

Economic output for the base case is shown in Table 1.

In the base case, we assume that the “real prices” (e, measured in constant
dollars) of electrical energy, natural gas, and other fuels do not change in any way
that would affect demands for them. The numerical data on which the base case
projection is constructed are shown in Tables 3 and 4 in Appendix A

Table 1

COMPARISON OF REAL GSP IN 1970 AND 2000
FOR BASE CASE (1)
(billions of 1958 dollars)

Percent
Sector 1970 2000 Change
Manufacturing 18.16 70.66 | +289
Mining 1.04 0.89 -14
Agriculture 2.39 5.28 | +121
Government 12.19 61.14 | +402
All others 45.87 | 200.76 | +338
Total 79.65 338.73 | +325

a .
Includes construction, trade, finance,
transportation, services, and others.

PRICE CHANGES

The base case just described assumed implicitly that no changes in energy
prices occurred. But what if changes were to happen? There is ample evidence that

4 The gross state product is a measure of the economic output of the state. It consists of the total
market value of the goods and services produced by the state.

s Real prices are obtained by dividing the actual, or money, price by the price index. Since all dollar
values have been reported in real prices (usually 1958 dollars), constant energy prices are truly constant
in terms of real dollars. Another way of stating the premise is that energy prices do not change at a
different rate from the prices of other commodities.

5



energy prices will rise in the future, and to explore the consequences of this possibil-
ity, we developed a case that depicts a rise in the real prices of electricity, gas, and
other fuels.

Base Case with Price Increases (2)

In the early 1970s it becomes clear that air pollution restrictions have
effectively ruled out the possibility of constructing new fossil-fueled steam
electric plants in the South Coast Air Basin of California. Approval of most
new nuclear generating facilities in California has been obstructed, both by
growing public sentiment against coastal siting and unanswered questions
about plant safety in an earthquake-prone state. Only limited development of
geothermal capacity takes place. Concerns over the environment postpone
further construction of fossil-fueled steam electric plants on the Colorado
plateau. Yet, in the rest of the nation, fewer hindrances to expanded generat-
ing capacity, either nuclear or fossil-steam, are encountered. Restrictions take
the form of controls on emissions into the air and water. By the early 1 9303,
winter and summer peak-period brownouts are commonplace and occasion-
ally of an entire day’s duration. )

These developments initiate a chain reaction of substitutions. Domestic
natural gas reserves have by 1980 declined to less than a ten years’ supply.
To stimulate exploration, natural gas producers are authorized to raise well-
head prices substantially. Imported liquefied natural gas (LNG) and gasified
coal become economically attractive in many areas. Most gas utilities have
permanently interrupted gas service to electric utilities, forcing them to shift
to low-sulfur oil (nearly all of it imported) and even to high-sulphur oil where
the former is unavailable. In California all fossil-fueled steam plants de-
signed to use oil or gas are forced to use imported low-sulfur oil. Alaskan oil
has temporarily eliminated the risk of an overall scarcity of oil, but the
significantly higher costs of imported low-sulfur oil lead to accelerated devel-
opment and use of an oil desulfurizing process. By 1985 desulfurized domestic
oil is widely used by electric utilities. Also, gas utility sales by now include
a substantial fraction of synthetic gas (syngas); and fuel cells for converting
&as to electricity, which have become economically viable for housing tracts,
shopping centers, and industrial parks, are now used by a modest fractior; of
customers in many states. The number of fuel-cell users is particularly high
in California. .

Precipitated by an unusually long blackout, strong measures are imple-
mented in the early 1980s. Use of electricity during peak hours is discouraged
by advertising and by promotion of interruptible loads. A 25-percent elec-
tricity conservation tax is imposed on kilowatt hours consumed in excess of
minima established according to customer type. Tax incentives are used to
lure fuel-cell manufacturers and distributors to California. State funds are
used to subsidize a major development of geothermal generating capacity.
Some additional power plant construction is approved, and existing construc-
tion schedules are accelerated. New plants are mostly fossil-steam, relying on
desulfurized domestic il or syngas. Nuclear capacity accounts for only 15
percent of capacity under construction, and the state has appealed to the
Federal Government to speed resolution of the problems surrounding nuclear
: generation. .
L By the late 1980s, the national fuels picture is critical. Natural gas is

... virtually a thing of the past. Utility gas is now syngas. Domestic petroleum

6



reserves are declining rapidly, owing to increasing use of air and motor
vehicle transportation promoted by the failure to develop adequate alterna-
tives, such as rapid electrified interurban trains, or electric automobiles.
Dependence upon oil imports is rising rapidly, despite the high prices now
being received by the oil-exporting countries. Oil shale reserves are being
exploited at a significant rate, despite environmental objections. The use of
strip-mining to exploit coal reserves for gasification purposes has not been
obstructed, but strict federal laws governing restoration of strip-mined lands
have been in effect since the mid-1980s. A temporary cut-off of mid-East oil
in 1990, due to political disruption, spurs the initiation of a strong national
policy to deal with the oil problem: A substantial portion of Alaskan oil is
reserved for defense-priority uses. Exotic sources of energy continue to play an
insignificant role, but research and development efforts are expanded.

Meanwhile, in the mid to late 1980s, California experiences additional
difficulties. Because of a continuing capacity shortage problem, the electricity
conservation tax is revised to 50 percent in the Southern California area, and
utilities operating therein are required to charge higher prices for electricity
consumed during peak-load periods. A year later, in a defensive move, both
the San Francisco Bay and San Joaquin Valley Air Basins forbid the con-
struction of fossil-fueled generating plants, and the 50-percent electricity
conservation tax and peak-load pricing are extended to the entire state.

By 1990 an acceptable set of nuclear power plant siting, waste disposal,
and earthquake safety standards has been established. Construction of sub-
stantial generating capacity is scheduled and approved, but still lags require-
ments. In 1993, therefore, the electricity conservation tax is raised to 100
percent. Future reductions of this tax are built into the law, however, to occur
as reserve margins increase.

By the year 2000, energy has become an expensive commodity: The prices
of all types of energy have risen markedly relative to prices in general. Utility
gas has experienced the greatest increase owing to the depletion of domestic
natural gas reserves, the costs of coal gasification and of LNG imports, and
increased coal costs (due to tighter controls on the reconstitution of strip-
mined areas). Utility gas prices become six times their 1970 level. Oil prices
(in 1970 dollars) have risen by a factor of three, because of increased domestic
scarcity and higher oil import prices. Utility electricity prices (in 1970 dol-
lars) have almost doubled, owing to higher fuel costs (including uranium,
since the breeder reactor does not become economically viable until 1995 and
significant depletion of low-cost uranium deposits has occurred in the mean-
time), markedly higher construction costs, and continued high interest costs.
In California, the average user cost of utility electricity has risen by a factor
of 2.5 because of these facts and the continued existence of a 100-percent tax
on that fraction of their consumption determined to be “excess” consumption.
Almost 50 percent of the electricity in California in 2000 is supplied by
nuclear plants, which have successfully helped keep the price of electrical
energy at this low level, despite their increased construction costs. Coal prices
(in 1970 dollars) have increased by 50 to 75 percent because of controls on strip
mining. Inflation has produced proportionally greater increases in nominal
prices.

Several effects upon the demand for electricity could be implied by these price
- increases. There could be a primary effect, in which energy consumers simply
| reacted to the changed prices either by switching from one energy form to another
L_or by modifying their energy consumption. There could also be a secondary effect,

7



in which the increased energy prices dampened the economical condition of the state
and thereby depressed the demand for electricity. Both of these effects have been
considered in this study, since the authors feel that prices will increase, and that
they will act as a depressant upon the economy. However, the effects have been
considered separately and sequentially. Input values for the case described above,
in which only the primary effect of energy price increases is seen, appear in Tables
4 and 5 in Appendix A.

The above case describes a future situation in which energy prices rise, but in
which the economy remains the same as in the base case. The next case is a continua-

" tion of the above case, except that the economy is affected.

Low Growth Case with Price Increases (3)

Due to the fossil-fuel depletion problem above, a slowing of the growth of
the national economy occurs. At the same time, some investments are diverted
from California to other western states as a result of the electricity brownouts
in the late 1970s and early 1980s and the high electricity prices from the
1980s onward. Despite the slackened growth, the California economy is still
2.4 times larger in 2000 than in 1970, but the GSP is 40 percent lower than
the projection used in the base case.

The retarded GSP growth rate also affects the rate of inmigration to California,
and the reduction in this rate implies a year 2000 population of 30 million, or about
10 percent less than that of the base case. Input data for this case appear in Tables
5 and 6 in Appendix A.

CONSTANT PRICES

The two previous cases emphasize the effects of changing energy prices. In this
section, we describe two further cases that contrast different conditions of growth.
For the sake of consistency with the base case, and also to keep our focus just on
growth, we assume no price effects.

The first is a low growth case in which population and the economy follow
exactly the pattern outlined above for Case 3 (the low growth case with price in-
creases). The second, a high growth case, envisions a “booming” California.

These high- and low-growth constant-price cases will afford us two interesting
comparisons with earlier cases and with each other. First, the low-growth constant-
price case can be compared with the low-growth increasing-price case. Second, the
high-growth constant-price case lends itself to an “upper bound” interpretation, if
the reader is willing to accept its set of assumptions to be the highest plausible
future.

These two cases are sketched below.



" Low Growth Case with Constant Prices 4)

The California electronics industry is second in size only to the transporta-
tion industry in the manufacturing sector of the state. (In California, about
75 percent of the transportation industry consists of the manufacture of
aircraft and aircraft parts.) Both industries are funded largely by the Federal
Government, and hence are heavily dependent upon continued vigor in fed-
eral programs for aircraft development and production as well as space and
communications programs. By the mid-1970s, national priorities change in
favor of domestic programs aimed at the solution of social problemsf qnd
funding is to be diverted from aerospace and electronics to vew priorities.

However, it is remembered that massive readjustments in existing pro-
grams resulted in sizable layoffs of technical personnel in the late 1960s, at
a time when the combined output of the two industries was approximately 45
percent of the total California manufacturing GSP. Hoping to avoid cutbacks
like those of the late 1960s, California’s representatives are able to achieve
a status quo in the funding of the two industries, which then receive stable
federal funding for the 1975-2000 time period at a constant level.

Meanwhile, California’s particular economic misfortunes are paralle{ec_i
by a more general national slowdown. Withdrawal of active military partici-
pation abroad has slowed economic growth nationwide, further exacerbating
California’s relative losses. Constant funding of the aerospace industry pro-
vides limited opportunities for new jobs; net migration into the state hovers
around zero. As the stimulus of past migration waves into the state disap-
pears, there are sharp cutbacks in the construction industry and parts of the
commercial sector (especially finance, real estate, and banking).

Despite diminished growth, California’s real output per capita increases
1% percent annually. Population growth also continues, although more
slowly than before. For in addition to no net inmigration, American fertility
has remained at replacement level (a two-child average per family) since its
original decline in the early 1970s.

California’s population, 19.70 million in 1970, grows only 50 percent dyr-
ing the succeeding three decades, reaching 29.9 million. Growth in per capita
output, combined with slower population increase, results in an increase in
GSP from $79.65 billion in 1970 to about $189 billion in 2000, or slightly less
than a 3-percent annual rate of increase.

The 1970-2000 period is characterized by a gradual shift in the economy,
favoring some sectors over others. Mining becomes less important, both abso-
lutely and relatively, as a large fraction of the available oil reserves becomes
exhausted. Agricultural output, tied to a constant land base, remains essen-
tially constant. Within the manufacturing sector, the constant funding of the
electronics and transportation industries in a generally expanding economy
means a shrinking share of manufacturing GSP: down from 30 percent in
1970 to less than 15 percent by 2000.

Other manufacturing industries also level off as the limits of the resource
bases to which they are tied are approached. Food processing, lumber, paper.
petroleum, and primary metals stabilize their output by about 1980. The
other manufacturing industries increase their share of the total GSP as a
result.

Through the entire period, energy prices do not change enough to have a notice-
able effect on demand. Input values for this case appear in Tables 3 and 6 in
Appendix A.
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High Growth Case with Constant Prices (5)

To balance the low-growth, constant-price case, a similar case depicting high
growth has been formulated. This case depicts essentially constant energy prices,
and thus might be considered representative of an upper limit for the demand for
electricity, if its premises are accepted. A description follows.

In 1975, the first joint Russian-U.S. space event occurs, and it is such a
success that a vigorous joint program is instituted and pursued by both
countries. By 1980 most trade restrictions between East and West have been
removed, and a large volume of trade has already been established, increas-
ing demands for U.S.-manufactured goods of all kinds.

Earlier concern in the United States with energy supplies is eased as
environmental problems associated with the Alaskan pipeline are solved,
paving the way for a massive infusion of domestic oil. This operation, begin-
ning about 1980, lessens U.S. dependence on Middle East sources. Active
exploration of other arctic regions, meanwhile, has located both oil and gas
fields of comparable magnitude to the largest fields presently known.

Electrical energy is supplied increasingly by nuclear plants. Emphasis
upon the need for breeder reactors, coupled with a massive international
cooperative effort, solves the remaining technical and waste disposal prob-
lems. And by the late 1980s, the first large-scale commercial units come on
line.

In addition to the economic impetus of peace and expanded foreign trade,
increased activity in domestic social programs spurs employment within the
United States. Large-scale redevelopment of older central cities (new towns
intown) and satellite new cities on the metropolitan periphery assume major
importance. A new generation of rapid transportation systems, running up
and down the state, laces most of urban California together into one continu-
ous urban region, accessible throughout. Intercity transport of people—and to
an increasing degree, of freight—is conducted by air.

The impact on California’s economy is massive: The market for aircraft
and for advanced communications equipment grows steadily, providing more
and more jobs in these industries. California once again proves attractive to

large numbers of interstate migrants, for whom increased affluence, a four-
day work week, and agreeable climate become added advantages. Net inmi-
gration returns to earlier highs, remaining around 300,000 annually, spur-
ring construction, finance, and real estate activity.

The stimuli of peace and prosperity reverse the trend toward smaller fami-
lies evident in the early 1970s. Now fertility rises as economic prosperity
releases a new sustained peacetime "baby boom.”

As aresult of these developments, population reaches about 35.3 million by the
year 2000, and the GSP becomes $400 billion. These increases correspond to com-
pound annual growth rates of 1.96 percent for population, 5.5 percent for GSP. Input
values for this case appear in Tables 3 and 7 in Appendix A.

10



III. RESULTS AND ANALYSIS OF CASES

The five cases described in the preceding section may be expected to produce
projections of the demand for electricity conforming to the major characteristics of
the cases. These are encapsulated below:

1. Base case. The electricity projection should be consistent with a “no-sur-
prise” forecast of the future in which energy prices do not increase.

2. Base case with price increases. This projection illustrates the effect of in-
creased energy prices upon the forecast for the base case.

3. Low growth case with price increases. The effect of increased energy prices
acts to diminish the use of electricity because of changed prices, and also
produces low economic growth.

4. Low growth case with constant prices. The electricity projection in this
case isolates the effect of low economic and demographic growth alone.

5. High growth case with constant prices. The projection of this case acts as
an upper limit, and also may be used with the low growth and base cases
to produce a symmetrical set of projections (base case, high, and low esti-
mates) under conditions of constant energy prices.

The results of the five cases appear in Table 2.

The demand data in Table 2 are shown graphically in Fig. 1 together with past
historical data and two reference projections. These are the continuation of histori-
cal growth at the rate of 8.9 percent, and the trend of data submitted by the Cali-
fornia utilities in March 1972 to the California Public Utilities Commission (CPUC).
This trend averages 7.4 percent.

Figure 1shows that the projections of electrical energy demand made for all five
rases fall below the trend of the past. This raises important questions concerning
the reasons, and their plausibility, and requires analysis of the results in terms of
what occurs in each consuming sector of the economy. Since the residential, com-
mercial, and industrial sectors account for about 90 percent of the total consumption
of electricity, examination of these three is sufficient.

11
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Table 2

PROJECTIONS OF ANNUAL ELECTRICITY DEMAND AND GENERATION

Average
Year Growth
Rate
Case 1970 | 1975 | 1980 | 1985 | 1990 | 1995 | 2000 | (percent)
Annual Electricity Demand (billions of kWh)
Base case (1) 124 172 235 329 420 | 546 679 5.8
Base case with price
increases (2) 124 165 210 277 334 409 482 4.7
Low growth case with
price increases (3) 124 154 181 213 247 286 332 3.4
Low growth case (4) 124 160 201 250 303 369 448 4.4
High growth case (5) 124 175] 240 332 446 | 590 776 6.3

Annual Electricity Generation (billions of kwh)?

Base case (1) - 189 258 362 462 601 747 --
Base case with price

increases (2) -- 182 231 305 367 450 530 -
Low growth case with

price increases (3) - 169 199 234 272 315 365 -
Low growth case (4) - 176 221 275 333 406 493 —
High growth case (5) - 193 264 365 491 649 854 -

a . . .
Projections of energy generated were obtained from electricity demand
projections and the relationship

Energy generated = 110 percent of energy demand.

This relationship is a rule of thumb provided by the California Public
Utilities Commission and based upon data from recent years. It takes
into account system losses, meter errors, unmetered sales, and similar
items. (Private communication, William R. Johnson, CPUC, September 12,
1972.)

RESIDENTIAL SECTOR

" Figure 2 displays the residential sector electricity projections for all cases. Two
points are worth noting here. First is that all cases cluster within 20 percent of the
base case. Despite their considerable differences, the cases imply roughly compara-
ble futures for residential sector growth. Second, all projections are below the his-
torical growth rate of 8.7 percent per year, averaging closer to 4.4 percent over the
30 years from 1970 to 2000. How do we explain these patterns?

There are two main causes of the clustering of projections. First is that prices
increased in the manner used in these cases would reduce residential sector con-
sumption by about 8 percent. The reason we anticipate this can be sketched as

12
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Fig. 1—Estimate for all cases
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I follows: The relative prices of electricity and gas can, in effect, be translated into

consumer preferences for either gas or electric appliances. Given a higher cost of
electricity, householders would be switching from electricity to gas. Higher cost
could also persuade users to conserve or reduce usage (e.g., “save a watt” by elimi-
nating waste). However, this effect is thought to be limited, since elasticity has been
shown to be small.® More detailed discussion of these effects appears in the support-
ing report on the development of the residential estimating methodology [2].

The second reason for clustering has to do with the relationships among the

'_ total population, the average household size, and the average consumption per-

household. Generally speaking, differential growth of population due to fertility
changes expresses itself in the average size of households rather than in their sheer
numbers. Thus there is a buffering effect which tends to stabilize the number of
households, even though population may be increasing rapidly or slowly, and thus
the consumption by households.

The second point is that the average growth rate of 4.4 percent estimated in all

~ cases is substantially below most current forecasts, but the authors feel that it may

be adequately justified. The period from the end of World War II to the present has
been a kind of “golden age” for the household use of electricity. Major new uses

* developed in the period included air conditioning, television, frost-free refrigerators,
~ and electric heating. The concept of the Gold Medallion home was developed, and

most of the new appliances started their saturation of the market.” The authors feel

. that the major electricity-consuming appliances are now nearing the point of satura-
_ tion. Additional appliances are likely to be modest- or low-consumption electric
. knives, garbage compactors, and pencil sharpeners, but not high-consumption air
. conditioners, water heaters, or televisions. Indeed, the increased future residential
. consumption of electricity may result largely from increased saturation for appli-
. ances already in use. Although we have not allowed for any increase in the efficiency
. of present appliances, a 100-kWh per year increase per household has been allowed

~ for as-yet-unidentified “phantom appliances” which may be developed. This is
- roughly equivalent to each home adding one additional automatic clothes washer
- each year. If this logic is followed, the saturation effects plus the phantom appliances

imply levels of usage around 11,500 kWh per household in 2000.

We note that this projection is at variance with several others, including South-
ern California Edison’s [7] which foresees 15,540 kWh per domestic customer in
1995. There are presently about 6 million households in California; our base case
implies 12 million by the year 2000. Thus, about 8.5 million housing units would be
formed over the next 27.5 years, assuming a 1.25 percent per year replacement of
the existing units. Each of the 3.75 million units remaining from the present 6
million units would consume an average of 8500 kWh per year in 2000, calculated

¢ The degree of responsiveness of the demand for a particular source of energy with respect to a
change in price is usually measured as an “elasticity.” This is simply the percent change in demand that
would be associated with a 1-percent change in price if all other influences upon demand did not change.
See Appendix C for further discussion of elasticity.

" Saturation is defined as the ratio of the consumers who have an appliance to the number who could
potentially have it.
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* as the 1970 average consumption of 5500 kWh plus the cumulative phantom appli-
ances (using 100 kWh each) acquired over 30 years. If one were to assume that other
estimates (including the SCE estimate) were to be 16,000 kWh per year in 2000, then
each of the 8.25 million new dwelling units constructed from 1970 to 2000 would
have to consume an average of 19,500 kWh per year. The authors believe this to be
unlikely in any case, but especially in light of a growing trend towards apartment
dwelling, which generally uses less electricity per unit than houses. It may be argued
that a large fraction of the existing 6 million households will modify their homes
to include major consuming appliances such as central air conditioning and electric

" heating, but the historical saturation data do not support this contention. Moreover,
the major construction problems involved with this type of household refurbishment
would appear to make the possibilities unlikely.

INDUSTRIAL SECTOR

The industrial sector forecasting methodology [3] is based upon estimates of the

~ composition of industry, the size of the industrial sector, and the amount of electrical

energy per unit of industrial output (called the electrical energy intensiveness) of
each type of industry included in the sector.

Figure 3 displays the five estimates for the industrial sector, together with the
historical data, which shows an annual growth rate of about 6.9 percent from 1958
through 1966. Unlike the residential sector, the projection of industrial electrical
energy use is highly dependent upon which case is chosen; hence, variation among
the five cases arises to a degree from differing assumptions about the composition
of industry. Beyond uncertainty about composition, another contributing factor is
the premise that the electrical energy intensiveness of each manufacturing industry
will increase. The premise is based on a variety of considerations including the
replacement of human labor with electrically powered machinery. However, there

; is clearly an upper ceiling on the replacement of human energy with machine
‘ energy. Thus, intensiveness is bound to stabilize at some future point—when, is not
precisely clear. Since the observed 6.9 percent historical growth rate results both
from increased industrial output and increased electrical energy intensiveness, a
stabilization of the intensiveness will tend to reduce the growth rate of electricity
consumption.

The composition of California industry in the future, as used in the five cases,
has some elements that are governed by forces beyond our control. For example, all
! mining activities are constrained by the availability of minerals. The output of
petroleum from wells in California has been steadily decreasing over time, and it
is estimated that this trend will continue in each of the cases, regardless of the state
of the economy, on the premise that the limitation on production rate is a natural
limitation. This category of industries (which operate at levels dependent upon the
resource base) includes all of the mining industries, food processing, lumber pro-
i ducts, paper products, and primary metals.
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The remaining industries are divided into two groups. The first of these includes
the transportation manufacturing industry and the electrical machinery manufac-
turing industry. In California these correspond approximately to aerospace and
electronics, respectively. Both derive substantial revenue from federal sources and
represent a sizable fraction of California manufacturing (over 30 percent in 1967).
Their role in California’s economy is of overwhelming importance, yet their size is
affected by political and other decisions which defy confident prediction. Thus the
different cases have been used as a means of exploring the contribution of these two
industries to the composition of California industry as a whole. All remaining indus-
tries fall into the second group. These industries are largely ones which are closely
coupled to the general needs of the population, and which therefore might be as-
sumed to change their size in constant relation to each other. Thus, doubling the size
of the textile industry would connote approximately doubling the size of the apparel
industry, for example.

We assume that price increases affect industrial consumption of electricity both
through substitution and through conservation. In regard to the first, industries
switch from electricity to other fuels where the relative prices of alternative energy
forms favor this. We assume also that under this price differential, electrical equip-
ment would be replaced with equipment using oil or gas—the rate of conversion
depending on the useful life of the equipment involved.

Increases in electricity prices would also stimulate conservation efforts, or
might even induce relocation of industry to other states offering more favorable
pricing. But this would be difficult. In our cases, we assume that substitution of other
fuels would be the major reaction of industry.

For the base case, aerospace and electronics were maintained at a constant 30
percent of manufacturing output for each year. This reflects a future in which these
industries retain their present position, and grow in proportion to the rest of indus-
- try.

In those cases featuring low economic growth, aerospace and electronics were
projected to maintain their future output at about the 1970 level. Since the total
industrial output grows over time, the result is a shrinking role in the years ahead
for these two prominent industries, from about 30 percent of manufacturing GSP
in 1967 to about 7 percent in 2000. Reasons for this were discussed in the case
descriptions.

The high-growth cases envisage booming aerospace and electronics industries,
rising from about 30 percent of manufacturing GSP in 1967 to about 45 percent in
the 1980-1990 period.

To recapitulate, the major reasons for lower than historical growth rates in the
industrial sector are:

« The changing composition of California industry, in which industries that
consume large quantities of electricity per unit of output are replaced by
lower consumers;

o The decrease in the rate at which electricity is replacing human energy;

» Asmall decrease in the relative prominence of the industrial sector.
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COMMERCIAL SECTOR

Our analysis of the commercial sector is the least detailed of the three major
sectors. It is based on the assumption that electrical consumption in this sector is
due to its electrical energy intensiveness® multiplied by activity in this sector. While
this simplification may omit many subtleties, it captures what we believe to be the
basic driving forces behind growing demand.

Our analysis shows that the commercial sector activity is closely related to the
GSP. Intensiveness, moreover, has increased steadily over time. Figure 4 displays
the historical consumption in this sector, along with projections implied by our
cases.

The base case implies a compound annual growth rate of 7.9 percent. It reflects
5.5 percent annual growth in GSP augmented by steadily rising intensiveness. The
estimate is well below the level implied by simple extrapolation (10.6 percent). All
other cases reflect what would be expected when using this relatively simple me-
thodology and varying the GSP and price levels.

Several words of caution must accompany these commercial sector projections.
The uncomfortable simplicity of our methodology was dictated by the diffuse nature
of commercial-sector activities and the paucity of data describing them. Unfortu-
nately, so simple a method precludes our analyzing why intensiveness is increasing,
or when it may level off. Nor can we analyze the relation between the commercial
sector and the other sectors to assess its relative prominence in the future. Recall
that base case projections for other sectors were considerably lower—4.4 percent for
the residential sector and 4.0 percent for industry—than the 7.9 percent level im-
plied for the commercial sector. This implied divergence clearly would reach a point
of being unreasonable, because the commercial sector would eventually come to
dominate other sectors. For example, the base case assumptions imply that the
commercial sector, which consumed 35 percent of all electricity used in 1970, would
by 2000 use 58 percent. Clearly this assumption has diminished validity beyond an
intermediate time horizon.

In summary, the commercial sector projections have been made in a necessarily
simple fashion. The method uses relationships with the economy that can be
analyzed with what limited data and knowledge are available. The lack of detail
about what is happening in the sector limits our confidence in these projections.
Until much more work has been done to formulate a detailed methodology for this
very difficult, yet potentially most important sector, we are unable to attach much
confidence to these projections except in the near term.

® For the commercial sector, electrical energy intensiveness is defined as the number of kWh used
per dollar of contribution to the gross state product. This is essentially identical to the industrial
definition, since Manufacturing Value Added and contribution to GSP are the same.
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Fig. 4—Commercial sector estimates

OTHER SECTORS

Several other sectoral projections were made, but these are of minor impor-
tance in the context of the three sectors described above. The input data for them
appear in Appendix A. One potentially large sector not examined was transporta-
tion, because it is currently of only minor importance. We note that, while the use

. of electricity in transportation in California is now miniscule, it was not within the
' scope of this study to identify the forms in which electricity might be used in
. transportation systems in the future. i

T .
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IV. CAPACITY

This study was designed only to examine the possible future demands for elec-
trical energy, and not to look at the generating capacity requirements. The subject
of capacity is extremely complex, and its estimation requires the understanding of
many diverse factors. We recognize, however, that many readers will be interested
in converting the energy consumption projections from the previous sections into
generating capacity. A sample method is presented here, which purposely ignores
the major questions that must be addressed when capacity is seriously estimated.
Our reason for presenting the information is solely one of context, so that readers
may envisage approximately what capacity might be implied by the estimate of
energy.

There are three steps required:

1. Electricity consumption must be related to electricity generation; i.e.,
losses due to transmission systems must be added to the projections made
earlier in this report.

2. The annual electrical energy generation must be converted to electrical
generating capacity by using a load factor.®

3. The resulting generating capacity must be increased to provide for normal
maintenance of equipment, unscheduled outages, and other contingencies.

Current factors for losses are about 10 percent, and the load factor is 65.4
percent.

The exact amount of increase required for Item 3 is subject to a wide number
of variables which were not studied, but which appear to require an increase roughly
in the 20- to 40-percent range. Figure 5 has been prepared using the above factors
to translate the energy results for any case into generating capacity, as a function
of the percentage required above the peak load. In addition, Fig. 6 displays the
results of the base case as a function of this percentage.

® The average annual load factor is defined as the ratio of the yearly average consumption ratg to |
the peak consumption rate during the year. A 100-percent load factor means that the full generating
capacity is being used at all times. A 50-percent load factor implies that only 50 percent of the energy
which could be generated in the year is used. This could occur in several ways. The full capacity could
be used for six months, and none thereafter; 50 percent of the capacity could be used for the entire year
- except for one day in which the full capacity was used, etc. ;
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V. CONCLUSIONS

The demands for electrical energy in California result from a complex interplay
of the requirements of people, largely through the residential, commercial, and
industrial sectors of the economy. Thus there are many uncertainties about the
magnitude and composition of the future demand for electricity. Because of this,
rather than naively extrapolating the historical demands, we recommend a more
cautious posture that is supported by careful analysis. The five cases treated in this
study indicate the following general conclusions:

1. Future demands for electrical energy could fall substantially below what
might be anticipated by extrapolations of past consumption. This is based on our
judgment that

The forces which have steadily increased the amount of electricity used in

residences will begin to taper off, because future new household appliances

are unlikely to be as large consumers as electrical heating, air condition-

ing, and water heating. Future increases in residential consumption will

result largely from increased numbers of existing appliances plus additions

from relatively modest consumers of electricity, resulting in a marked

departure from the past trends. '

In industry, the historical increase in the amount of electricity per unit of
output will begin to taper off as earlier substitution of electrical energy for

manpower approaches ceilings. The amount of electricity consumed per

unit of output is expected to stabilize. We are unsure of when this will be,

but from the indications of the data, we have assumed that it will be

sometime in the 1980-2000 period. Further, we expect that the mix of
industries in California will change in such a way as to lessen the consump-

tion of electricity by the industrial sector. The basis for this expectation is

that some resource-limited industries, such as the petroleum industry, will

decrease in prominence in the future as that resource is depleted. These

industries use a great deal of electricity, and as they decline in prominence,

the average consumption of electricity per unit of output will lessen. Last,

. ... the economic forecast used for the base case showed a slight shrinking of
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F; " " the industrial sector in comparison to the other sectors. If this occurs, o:

S

course the consumption of electricity will also be affected.

-+ While the methodology concerning the commercial sector is less deve-
loped, we expect the trends to be similar to the trends in the residential
sector, since the uses are similar.

2. Policies aimed at lessening the demand for electricity by increasing its price
are indicated to have only a modest effect upon residential electricity consumption,

- as many people simply adjust to paying a higher bill. Larger effects are expected in

both the commercial and industrial sectors, where a wider set of choices is available.
Commercial establishments may substitute other forms of energy (i.e., gas or oil) for
electricity, and industry also has this option. Industry has one further option, which,
although believed to be minor in California, must be very carefully assessed. Higher
electricity prices could act to deter some forms of new industry from locating in
California, and could act to influence relocation of some types of existing industries
to out-of-state locations, if the price of electricity was lower elsewhere, if electricity
was a reasonably important production ingredient, and if other factors did not force
location in California. These effects would take place very slowly due to existing
capital investments, but would still be observable over a 15 to 35 year span.

3. The projected demand for electrical energy is relatively sensitive to the
economic and demographic variations in each of the cases chosen for the future.
Thus care must be exercised in the choice of input data. This is particularly true
concerning projections of the economy, where growth acts to stimulate additional
electricity consumption.

4. A more detailed system is needed for monitoring energy data, both on de-
mand and supply. This study is handicapped by the lack of data on many areas, but
notably the commercial sector. Insights into prospective uses of energy cannot be
generated without hard facts, and in many cases these facts are lacking.

5. Additional work needs to be done on all phases of the effects of price on the
demand for electricity. This field may have been partially neglected in the past
because energy of all forms has been relatively cheap and energy prices have been
relatively constant. Moreover, adequate data have been generally unavailable. Our
feeling is that energy prices will increase in the future, and the response of consum-
ers to these increases can only be estimated by knowledge of price elasticity effects.
We have made estimates for use in this study, but they must be refined if the
implications of price changes are to be assessed more accurately.
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Appendix A
DETAILED INPUTS FOR EACH CASE

While the cases presented in Sec. II are the basis for the inputs to the energy
projection model, a detailed presentation of the input data associated with them is
more properly presented in this appendix. Three sets of economic and demographic
data are used in conjunction with two conditions of energy prices to form a total of

five cases.
These data are shown in tabular form, and some are also graphed together with

historical data in order to provide perspective.
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INPUT DATA FOR THE BASE CASE, LOW GROWTH CASE, AND HIGH GROWTH CASE

Table 3

Item } 1970 1 1975 I 1980 { 1985 ] 1990 ] 1995 ! 2000
Base case (1)?
Price relative to 1970
Electricity 1 1 1 1 1 1 1
Gas 1 1 1 1 1 1 1
Fuels 1 1 1 iy 1 1 1
California population (millions) 19.70 21.29 22.62 25,14 27.27 30.55 33.54
GSP per capita (1958 dollars) 4,043 | 4,993 | 6,254 | 7,536 8,465 + 9,347 | 10,099
GSP (billions of 1958 dollars) :
Manufacturing 18.16 22.99 33.08 42.55 51.01 61.48 | 70.66
Mining 1.04 0.96 0.92 0.91 10.91 0.90 0.89
Agriculture 2.39 3.42 4.20 4.60 4.82 5.17 5.28
Government 12.19 16.86 17.64 31.91 39.91 50.52 61.14
Construction, trade, finance, .
transportation, services, other 45,87 62.07 85.63 109.49 134.19 167.49 | 200.76
Total GSP 79.65 106.30 141.47 189.46 230.84 285.56 338.73
Low Growth Case (lo)b
Price relative to 1970
Electricity « 1 1 1 1 1 1 1
Gas 1 1 1 1 1 1 1
Fuels 1 1 1 1 1 1 1
California population (millions) 19.70 21.43 22.92 24,45 25.85 27.85 29.87
GSP per capita (1958 dollars) 4,043 4,355 4,691 5,053 5,443 5,863 6,317
GSP (billions of 1958 dollars)
Manufacturing 18.16 20.19 25.13 27.75 31.09 35.13 39.36
Mining 1.04 0.96 0.92 0.91 0.91 0.90 0.89
Agriculture 2.39 3.00 3.19 3.00 2.94 2.95 2.94
Government 12,19 14.80 13.41 20.80 24.33 28.86 34.06
Construction, trade, finance,
transportation, services, other | 45.87 54.37 64,86 71.08 81.43 95.33 | 111.44
Total GSP 79.65 93.32 | 107.51 | 123.54 | 140.70 | 163.17 | 188.69
High Growth Case )€
Price relative to 1970
Electricity 1 1 1 1 1 1 1
Gas 1 1 1 1 1 1 1
Fuels 1 1 1 1 1 1 1
California population (millions) 19.70 22.25 24,87 27.73 30.53 32.87 35.27
GSP per capita (1958 dollars) 4,043 4,803 5,706 6,779 8,053 9,567 | 11,365
GSP (billions of 1958 dollars)
Manufacturing 18.16 23.08 33.18 42,22 54.34 67.71 83.62
Mining 1.04 0.96 0.92 0.91 0.91 0.90 0.89
Agriculture 2.39 3.44 4.21 4.57 5.14 5.69 6.25
Government 12.19 16.92 17.70 31.66 42.51 55.63 72.35
Construction, trade, finance,
transportation, services, other | 45.87 62.29 85.90 | 108.62 142,96 | 184.54 | 237.73
Total GSP 79.65 106.69 141,91 187.98 245.86 314.47 400.84

3From UCLA School of Management Business Forecasting Project.

bBased on 11 percent per year per capita GSP growth and Series IIIE population projection.

®Based on 3% percent per year per capita GSP growth and Series IC population projection.



$3UdWUIDA0) TBASPA dYl £q paystTqnd ‘we3sAs UOTIBDTFTSSBT) TETIISNpuUl paepuelg,

0990 08719 0T0°1S 0ss‘ey 080°¢€E 066°CC 091°8T Telor

%°0T |Z2°9¢€°L | T°0T [S°€62°9 | 6°6 [2°590°S | 9°6 [7°990°% | 6 L70S6°C | 6°L € E€I8‘T | €L 2'62E°T | 6E S2IN3IDBINUBW SNOJUBTTIISTR
S°C |ev88LT | ST |L°SeS'T | vz |6°LTTT | €°C |6°686 4 €°6TL 6°1 96ty 8T z7°z2¢ g€ | sionpoxd pajeTar pue sjusWNIISUT
0°ST [0°665°0T | 0°ST |0°ZZZ°6 | 0°ST [0°2S9°L | O'ST [0°€8€‘9 | 0°ST |0°796‘y | 0'ST [0°8%v°c | 6'%T | o0°00s°C | i€ juswdinba uoyie3iodsueig
0°ST [0°66S°0T | 0°ST |0°22Z°6 | 0°ST [0°2S9°L | 0°ST [0°€8€‘9 | 0°ST (0°296°% | 0°sT |o'8yvc | 6°%T | 0'00s°z | 9¢ KizutyoRWw TEOTIIDATH
v'6 |T°T€9°9 [ Z°6 [8°L59°GC | 6°8 [S'€SS‘y | 9°8 [6°659‘C | 0 9°269‘C | 1L Z°0E9°T | 9°9 6°%61°T | s¢ Tes1a30979 3daoxa ‘Aisuryoey
0°6 |T'€€E‘9 [8°8 |G cov‘s | s'8 |6°8ve‘y | z'8 [9°T6v‘e | ¢ v EES‘T | 8°9 6°95S°T | €9 IYTT | ve sjonpoad Tejsw pajedriqeq
v'T |0°086 9°T |0°086 6T |0°086 €7 ]0°086 0 0°086 T 0°0%6 9°% 0°0Y8 %3 saTa3ISnpuy TeIsu AIPWag
[°S [€°9/6°€ [ 0°S |#°TS0'€ | 8% [8°Ssv T | 9°% |L°TL6°T | ¢ 9'0E%*‘T | 8°¢ 7°6(8. [ 9999 € saonpoid sseT8 pue ‘Ke[d ‘auoig
L°€ 1£7L09°C | 9°€ |0°STT'T | ST [Lt06L°T | %€ [L°Lev‘T | ¢ z°ev0'T | gz 1°199 9°z 6°69% o€ s3onpoxd 1aqqny
9°0 |0°STy 8°0 (0°S6Y 0°'t |0°s€S 2T [0°%09 0 0°2L9 9°Z 0°%09 6°2 0°SES 62 s3onpoad [eOd pue WNaTo1334
6°L |0°88S°S | 8°L |8°L9L'% | S°L |z°L€8‘E | z°L |8'080°C | 8 v°G€2°C | 0°9 1°€LE°T | s°¢ 6°900°T | 82 s3onpoad pue syedtwey)
6'9 |6°zZv8°Yy | L9 [T'zeT'y [ 579 [9°sze‘e | €9 [0°09‘C | 6 €°LE6°T | z°¢ 9°06T‘T | 8°% L8 Lz gurysyrgnd pue Buyjurig
8°0 |0°0SS 6°0 [0°0SS I'T |0°0SS €T [0°0sS L 0°0s§ €z 0°02$ Sz 0°09% 92 s3onpoxd pue ‘iaded ‘ding
T°6 1T°SETCT [ 16 [ TUL06°T | 0°€ [6°%€S‘T | 6°C |€°2€2°'T | ¢ 1°%68 vz (379 (AN 8°70% 194 $3INIXTJ pue 2InjTuing
9°0 |0°0SY L0 {0°0SY 6°0 [0°0SY 1 [0°0sY Vi 0°0SY 0°2 0°0SY (944 0°0SY 124 s3onpoxd poom pue 1aqun
8°C [7°789°C | L'€ [$'88T°CT [ 9°€ |6°T%8°T | S'¢ |8°8L%°‘T | ¢ 0°E€L0‘T | 6°C %659 LT £°€8Y 34 s3onpoad pajerax pue Taieddy
80 |1°96S 8°0 [9°80¢ 8°0 |€°60% 8°0 {9°8z¢ L ¥'8ET 9°0 ST9yT 90 %°L0T (44 s3onpoad {lTW AT1IX3L
0% 10°008°C | 9% |0°008°C | 'S [0°008‘C | 99 |0°008‘C | S 0°008‘z | £°TT | 0°00L°C | 8°€T | 0°00S‘C | O¢ s30onpoad paipury pue pood
T®30L i P3PV |Ie3I0L | P®PPY |[Te3ol | pappy |T1eI0L | P9ppvy [TE30L | poppy |Te30L Pappy | T®30L POPPY  [3poD dnoxy Li3snpuj

30 7 | entep 3o 7| onyep Jo y | enteA 3o 7 | aniep Jo gz | aniea 30 3 aniep 30 3% sares  |.01S

0002 S661 0661 $861 0861 SLET 0L61

(T®303 Tenuue jo y {pappe an{ea JO SABTTOP 8G6T 3JO SUOTTTTw)
SYOLDIAS INTYALIVAONVH ¥0d VIvd INdNI

(2°1) dsvD dsvd

% 21qe]

. 29



Table 5

INPUT DATA FOR THE BASE CASE AND LOW GROWTH CASE WITH PRICE INCREASES

Item l 1970 l 1975 ] 1980 I 1985 l 1990 l 1995 | 2000
Base Case with Price Increases (2)
Price relative to 1970
Electricity 1 1.25 1.50 1.75 2.0 2.25 2.50
Gas 1 1.50 2.0 3.0 4.0 5.0 6.0
Fuels 1 1.33 1.67 2,0 2.5 3.0 3.5
California population {(millions) 19.70 21.29 22.62 25.14 27.27 30.55 33.54
GSP per capita (1958 dollars) 4,043 4,993 6,254 7,536 8,465 9,347 10,099
GSP (billions of 1958 dollars)
Manufacturing 18.16 22.99 33.08 42.55 51.01 61,48 70.66
Mining 1.04 0.96 0.92 0.91 0.91 0.90 0.89
Agriculture 2.39 3.42 4,20 4.60 4.82 5.17 5.28
Government 12.19 16.86 17.64 31.91 39.91 50.52 61.14
Construction, trade, finance,
transportation, services, other | 45.87 62.07 85.63 | 109.49 | 134.19 167.49 | 200.76
Total GSP 79.65 | 106.30 | 141.47 | 189.46 | 230.84 | 285.56 | 338.73
Low Growth Case with Price Increases (3)2
Price relative to 1970
Electricity 1 1.25 1.50 1.75 2.0 2,25 2.50
Gas 1 1.50 2.0 3.0 4.0 5.0 6.0
Fuels 1 1.33 1.67 2.0 2.5 3.0 3.5
California population (millions) 19.70 21.43 22.92 24,45 25.85 27.83 29.87
GSP per capita (1958 dollars) 4,043 4,355 4,691 5,053 5,443 5,863 6,317
GSP (billions of 1958 dollars)
Manufacturing 18.16 20.19 25.13 27.75 31.09 35.13 39.36
Mining 1.04 0.96 0.92 0.91 0.91 0.90 0.89
Agriculture 2.39 3.00 3.19 3.00 2.94 2.95 2.94
‘Government 12.19 14.80 13.41 20.80 24,33 28.86 34.06
Construction, trade, finance,
transportation, services, other 45.87 54.37 64.86 71.08 81.43 95.33 111.44
Total GSP 79.65 93,32 | 107.51 | 123.54 | 140.70 | 163.17 | 188.69

2Based on 1 percent per year per capita GSP growth and Series IIIE population estimate.
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Table 8

ESTIMATED ELECTRICAL ENERGY INTENSIVENESS VALUES FOR MANUFACTURING
(kWh per dollar of value added)

SIC
Industry Group Code | 1970 | 1975 1980 | 1985 | 1990 | 1995 | 2000
Food and kindred products 20 1.10 1.14 1.14 1.14 1.14 1.14 1.14
Textile mill products 22 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Apparel and related products 23 0.48 | 0.52 | 0.53 | 0.53 | 0.53 | 0.53 | 0.53
Lumber and wood products 24 2.15 2.27 2.30 2.3 2.3 2.3 2.3
Furniture and fixtures 25 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Pulp, paper, and productsv 26 3.25 3.25 3.25 3.25 3.25 1 3.25 | 3.25
Printing and publishing 27 0.45 | 0.45 1 0.45 | 0.45 | 0.45 ) 0.45 | 0.45
Chemicals and products 28 4.4 4.6 4.65 | 4.65 4.65 4.65 4,65
Petroleum and coal products 29 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Rubber products 30 1.65 1.65 1.65 1.65 1.65 1.65 1.65
Stone, clay, and glass products 32 2.85 | 2.85 { 2.85 | 2.85 | 2.85  2.85 | 2.85
Primary metal industries 33 4.45 4.6 4.65 4.65 4.65 4.65 4.65
Fabricated metal products 34 0.88 0.93 0.95 0.95 0.95 0.95 0.95
Machinery, except electrical 35 0.74 0.76 0.76 0.76 0.76 0.76 0.76
Electrical machinery 36 0.76 { 0.80 { 0.81 | 0.81 | 0.81 0.81 | 0.81
Transportation equipment 37 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Instruments and related products 38 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Miscellaneous manufactures 39 0.65 0.65 0.65 0.65 0.65 0.65 0.65
SOURCE: Ref. 3.
Table 9
MINING SECTOR: ESTIMATES OF VALUE ADDED AND ELECTRICAL ENERGY
INTENSIVENESS FOR ALL CASES
SIC
Mining Industry Code| 1970 1975 1980 1985 1990 1995 2000
Value Added (millions of 1958 dollars)
Metal mining 10 30.0 34.5 38.0 41.0 43.0 43.0 43.0
0il and gas extraction 13 745.0 630.0 550.0 500.0 475.0 450.0 425.0
Non-metallic minerals
mining 14 | 265.0 ¢ 300.0 | 335.01} 365.0 | 390.0 410.0 425.0
Total 1040.0 | 964.5 | 923.0 | 906.0 | 908.0| 903.0 | 893.0
Electrical Energy Intensiveness (kWh/$VA)
Metal mining 10 4.8 5.05 5.13 5.25 5.25 5.30 5.30
0il and gas extraction 13 1.5 1.55 1.60 1.63 1.65 1.65 1.65
Non-metallic minerals
mining 14 3.9 4,13 4,27 4.33 4,40 4,40 4.40

SOURCE: Ref. 4.
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Table 10

ECONOMIC PROJECTIONS FROM WHICH BASE CASE DATA WERE EXTRACTED

Item 1970 1975 1980 1985 1990 1995 2000
Wage and salary employment
(thousands of employees)
Construction 303 299 272 280 285 315 338
Aerospace 497 459 508 579 616 675 712
Other manufacturing 1,061 1,251 1,439 1,701 1,842 2,055 2,197
Transportation 459 495 543 603 647 707 767
Financial 375 474 554 650 751 877 1,013
Trade 1,531 1,806 1,838 2,006 2,207 2,563 2,930
Service 1,266 1,496 1,835 2,323 2,691 3,187 3,622
Federal government 327 356 418 492 557 634 711
State and local government 1,098 1,378 1,598 1,965 2,255 2,690 3,082
Other non-agricultural 799 856 907 950 1,055 1,152 1,239
Agricultural 289 282 259 243 229 217 207
Total employment 8,036 9,183 10,198 11,860 13,161 15,097 16,841
Unemp Loyment 519 346 381 296 396 368 501
Real disposable personal income
(billions of 1967 dollars) 66.52 85.80 111.49 148.39 180.83 223.50 266,00
Real gross product (billions
of 1958 dollars) 79.65 | 106.30 141.47 189. 46 230.84 285.56 338.73
Population (millions) 15,70 21.29 22,62 25.14 27.27 30.55 33.54
Real per capita disposable
personal income (1967 dollars) 3,377 4,030 4,929 5,903 6,631 7,316 7,931
Household income distribution?
(percent)
Less than $3,000 11.4 7.2 4.7 2.0 1.6 1.2 0.7
$3,000 - $4,999 15.7 11.0 8.9 5.6 4.1 2.8 2.5
$5,000 - $6,999 20.3 16.4 10.4 7.1 6.8 5.2 4.9
$7,000 - $9,999 24,1 24.6 22.3 18.1 16.5 11.7 9.1
$10,000 -~ $14,999 23.0 29.5 29.8 29.6 27.3 25.2 23.3
$15,000 and over 5.5 11.3 23.9 37.6 44,1 53.9 59.5
Mean household income (dollars) 9,783 12,062 14,960 19,421 20,536 23,660 24,330
Persons per household 2.897 2.993 3.035 3.290 3.097 3.234 3.068
Households (thousands) 6,800.1| 7,113.3 7,453.0| 7,641.3| 8,805.3] 9,446.5} 10,932.2

SOURCE: UCLA School of Management Business Forecasting Project.

21n 1967 dollars.
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Appendix B

DESCRIPTION OF THE RAND ELECTRICAL ENERGY
ESTIMATING MODEL

The prime objective of the Rand study of the demand for electrical energy in
California is to provide analytical tools which avoid some of the problems inherent
in the existing methodologies. Specifically, one task is to develop a model both for
estimating and analyzing future demands. The important features of this model are
summarized here.

The model is deterministic; it computes the estimated needs for electrical en-
- ergy directly from inputs supplied by the user and from equations stored previously.
L It performs these operations in a variety of submodels, to be described below, and
' then sums the results for the total energy requirements. Machine operation facili-
. tates the use of the model—allowing the estimation of energy demand for a series
of years and the examination of a wide variety of situations in minimum time—and
provides accuracy and uniformity of output format. ;

The model represents the entire state of California, rather than individual
utility marketing areas within it. However, since the state’s economic activities,
© meteorological conditions, and population densities are all exceedingly diverse,
these are accounted for in the model. Thus, it is possible to analyze changes in.
rural-urban residential patterns within the state, as well as shifts in the relative
prominence of each socioeconomic sector and changes in the composition of manu-
facturing activities.

One of the determinants of demand for electrical energy is its price, which
affects demand in either of two ways: :

P

SO

1. With a price increase in electricity relative to the price of gas (or other
energy substitutes), people will purchase gas rather than electrical appli-
ances, thereby affecting the demand for electricity. This occurs only where
substitute appliances are available. :

2. Where substitute appliances are unavailable, increasing price will tend to
decrease the use of electricity. Quantifying these two effects is difficult,
because of the limited data available. ‘

mw:ma -
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The model consists of an integrated series of submodels, each representing &
separate usage sector. The sectors include residential, industrial, commercial, trans-
portation, government, agriculture, and miscellaneous uses. Of these, the residen-
tial, commercial, and industrial sectors account for about 90 percent of current
electrical energy consumption in California. Consequently, each is represented by
a discrete submodel. The transportation sector consumes virtually no electrical
energy now, but consumption could rise dramatically if the use of internal combus-
tion engines is severely regulated or restricted. The agriculture and miscellaneous

- sectors account for the remaining 10 percent of electrical energy consumption.

RESIDENTIAL SUBMODEL

The residential sector’s use of electricity is assumed to be a function of the
number of households, their saturation with electrically powered devices and the
electricity consumption of the appliances. These three factors are of course related
to many other factors, and we can enumerate some of the more important ones as
follows:

e Demographic Changes
Growth of population
Growth of number of households
Changing size of households (number of people per household)
o Factors Affecting Appliance Saturation
Income per household
Per capita income
Gross state product
o Climatological Factors Affecting Demand
Degree-days; heating
Degree-days; cooling
Mean maximum July temperature
o Relative Prices Affecting Substitution
Real price of electricity
Real price of natural gas
o Duwelling Unit Characteristics Affecting Demand
Single vs. multiple dwelling
Owner- vs. renter-occupied
Number of rooms per household
o Promotional Activities Affecting Demand
Promotional activities by the appliance manufacturer and
retailer
Promotional activities by the utility company aimed directly
at the residential customer
Promotional activities by the utility company aimed at the

Wruction industry

[,
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INDUSTRIAL SUBMODEL

The estimating method for industrial electricity is based upon the division of
mining and manufacturing into major industry groups, as defined by the Standard
Industrial Classification (SIC) system published by the Federal Government. For
California, there are 18 manufacturing groups and three mining groups, or a total
of 21 groups. Electrical energy consumption for each group is estimated as a function
of the output of the group and the amount of electricity required per unit of output.

- The output of each group is measured in dollars of value added, adjusted to a

constant dollar basis. Value-added data are collected, analyzed, and projected by a
variety of governmental and private institutions on a continuing basis, and the
model is designed to use the economic projections of these agencies as inputs.

The amount of electricity required per dollar of value added—electrical energy
intensiveness—changes over time due to complex technological and economic shifts,
as well as to changes in the actual products manufactured by each major group.
Changes in the textile and food processing industries illustrate this point.

Whereas textiles once were exclusively natural products (e.g., wool and cotton),
they now are heavily augmented with synthetics and undergo additional chemical
processing to eliminate ironing. Electricity requirements have increased because of
the change in type of product, the manufacturing innovations, and also because of
the steady replacement of human labor by electrically driven machinery.

In food processing, canning as a method of food preservation has been supple-
mented with freezing and freeze-drying, each using additional electricity and hence
increasing electrical energy intensiveness.

Changes in the character and composition of the groups, and the effects of the
substitution of machinery for human labor were found intractable subjects to quan-
tify, given time constraints and available data. Our approach was to plot the trend
of energy intensiveness for each major group and project it into the near future,
using the assumption that these changes would cause a leveling of the trend in the
1980-2000 period. Values required as inputs to the model are taken from these
trends, or may be independently estimated based upon the information developed
in this study. See also Ref. 3.

The inputs can be varied as a function of time, enabling the analyst to simulate
different changes in the mix and character of the state’s industry and the resulting
time-phased requirements for electricity.

COMMERCIAL SUBMODEL

The commercial sector is a large and important, but amorphous, category of
electricity use. Commercial uses include, for example, lighting, heating and air
conditioning, elevators, advertising, and miscellaneous pumps and motors [8]. We
have defined this sector as consisting of the following elements:
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o Trade

« Finance, insurance, and real estate
« Communication

« Electric, gas, sanitary services

« Construction

The factors that control the amount of energy used here are similar to those for the
residential sector, i.e., population, income, geography and climate, price of energy,
and business activity.

Electricity requirements could be estimated in several ways. One would be to
measure the average consumption of electrical energy per square foot of commercial
floorspace and then multiply it by the estimated floorspace in commercial use [9].
Another would be to disaggregate the commercial sector into components—e.g.,
retail establishments, office buildings, etc.—and develop independent relationships
for each division that can be identified.

There is little reliable information available on commercial floorspace in the
state or on historical electricity consumption by the individual components of the
commercial sector; hence, neither of these techniques was feasible. Instead, we
developed an estimating method based on the simple correlation between commer-
cial electricity consumption and gross state product, the latter being representative
of business and commercial activity in the state. Over the last 15 years the ratio of
commercial electricity use to dollar of GSP has increased steadily, approximately
doubling in that time period. This increase reflects better lighting standards, widg:r
use of air conditioning, and increased introduction of electric heating systems in
commercial buildings. In the absence of better data on which to build a better
estimating method, we have assumed that this trend will continue, modified by the
effects of price changes of electricity and gas in the same way as for the residential
sector.

TRANSPORTATION *°

This sector presently consumes virtually no electrical energy. If the sector does
become an important consumer of electricity in the future, the way in which it does
so is difficult to predict. Consequently, no submodel exists for this sector, and ana-
lysts using the model must independently estimate the need for electricity by the
transportation sector.

10 The transportation sector excludes present consumption by railroads, for which data are available.
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GOVERNMENT, AGRICULTURE, AND MISCELLANEOUS

All remaining sectors together consume only about 10 percent of the t.otal
electrical energy in the state. The estimating methodology for these is described .
below.

Agriculture

7 The electrical energy consumed by agriculture appears to be related to irriga-
tion needs. The load has been virtually constant over time; we assume this constancy
will continue in the future.

Railroads
Consumption is very low and constant. We assume it will remain so in the
future.

Interdepartmental

This category refers to energy used by utilities themselves. Energy used in th}s
category has been increasing over time. For estimating purposes we assume it will
comprise a constant percentage of the total electricity estimated for all other sectors.

Governmental

This sector includes street and highway lighting and use by other public au-
thority (office buildings, etc.). The methodology uses the estimated electrical energy
intensiveness of the sector and the governmental contribution to GSP to estimate
future electricity needs.
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Appendix C

THE EFFECT OF ENERGY PRICES UPON ENERGY
DEMAND "

The relationships between energy demand and energy prices are reasonably
well understood in non-quantitative terms. First, an increase in the price of energy
relative to prices will in general tend to inhibit demand. Second, a more rapid
increase in the cost of one energy source relative to others will tend to shift demand
away from that source and toward alternative sources.

The difficult questions are: How great will be the effect produced by a given
price change? What will be the timing of the effect? With little interest in the past
and almost no data for sophisticated estimation techniques, little hard quantitative
knowledge has been developed about these questions. Informed subjective judgment
is about all one has to go on, even though questions of pricing are of critical impor-
tance in formulating rational policies.

The extent to which the demand for a particular source of energy responds to
a change in price is usually measured as an “elasticity.” This is simply the percent
change in demand that would be associated with a 1-percent change in price, assum-
ing no change in all the other factors influencing demand. In principle, elasticities
of demand can be estimated not only with respect to the price of the energy source
in question (the own-price elasticity) but also with respect to the price of each
competing energy source (and even with respect to the prices of closely related
commodities, such as energy-using appliances, machines, heating systems, etc.).
Although for many practical estimation problems price elasticities of demand can
be approximated by constants, they are not likely to be constant in reality. For
example, they may increase with the level of price, since a small percentage increase
in price may produce almost no change but a large increase may produce a very
great change in demand. Elasticities may also be functions of time, in the sense that

- an x-percent change in price today produces almost no effect today, but has a
. significant impact after the passage of several years’ time. (This is the basis of the
. distinction, frequently made, between short- and long-run elasticities.)

L

! This appendix was written by Ként P. Anderson.
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What determines the magnitude of elasticities of energy demand with respect
to energy prices? Whether one is talking about an industrial firm, a business firm,
a household, a railroad, or a government agency, the answer to this question is
inextricably tied to the stocks of energy-using equipment.

A zero price elasticity of demand implies that a change in price would, for a
given level of production or household income, induce no change in the stock of
equipment used or in the level of equipment operation. For example, a 10-percent
rise in electricity may induce no reduction in an all-electric house. When could a

- firm or household be expected to be so unresponsive? If one assumes that each is

generally desirous of finding the least costly manner of doing things, then the
answer must be that there is no cheaper alternative. In the extreme case, the
absence of cheaper alternatives will be due to the lack of any known alternative
whatever. It is doubtful that many households or firms face this type of situation.
In most cases, a lack of responsiveness implies an economic judgment as to the
relative costs of alternative methods (including the changeover costs).

In this context, the distinction between long run and short run is critical. De-
mand is often relatively price inelastic in the short run because of (1) the inflexibility
of energy-using equipment with respect to type of energy input used and amount
used per hour of operation, (2) the inflexibility of equipment usage rates for a fixed
level of production or household income, (3) usage rates for a fixed level of production
or household income, and (4) the high costs of scrapping or converting existing
equipment. In the long run, however, these inflexibilities are substantially less, as
old equipment depreciates, and additions and alterations to the stocks of energy-
using equipment make it far less costly to change the character of the stock of
equipment. New types of equipment responsive to energy price changes also become
available. For example, if a machine can be made more energy-efficient but at higher
cost per machine, it will be made so if the savings in operating costs more than offset
the additional capital cost of the machine. This discussion is confined to the long-run
case, and consequently uses long-run price elasticities. These are applicable because
over a twenty-year period, the stocks of plant and equipment will change considera-
bly.

As noted above, there are two problems for which one would like to know price
elasticities of demand: to estimate the effect of price changes upon total energy
demand and to estimate the effect of price changes upon the mix of energy sources
that the total comprises.

Further detailed discussion of these elasticities and their values is contained in
Refs. 10 through 16.
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Appendix D
DATA BASE AND PRESENT FORECASTING METHODS

This appendix is presented as an exposition of the present data base and as a
discussion of the observed changes in the use of electricity, and to illustrate some
of the problems involved in the use of the data for forecasting. It also is designed
to document some of the current methods of projecting future electricity uses as
practiced by utilities in California.

DATA BASE

Two independent systems are available for examining energy use in California.
The first is the utility system. This originates from utility sales information com-
piled by each utility and reported annually to the California Public Utilities Com-
mission (CPUC). The data are also reported to the Edison Electric Institute (EED),
and are summarized and reported by them on a statewide basis. Annual publications
containing the data include the California Statistical Abstract (CSA) [17] and the
EEI Statistical Yearbook [18], both of which were used in this study.

The second data source originates with the U.S. Bureau of the Census, which
reports reasonably comprehensive energy consumption data in both the Census of
Manufactures[19] and the Census of Mineral Industries[20]. Information on electri-
cal energy consumption in both manufacturing and mining sectors is collected and
reported for the State of California in reasonable detail, and is available for the
years 1954, 1958, and 1962. Additional data on manufacturing are available annu-
ally, although in less detail, from the Annual Survey of Manufactures [21], also
published by the Bureau of the Census. Since mining and manufacturing have been
defined as the industrial sector in this study, we have made extensive use of the
census data.

Unfortunately, other censuses (such as the Census of Housing and the Census
- of Transportation) by the U.S. Bureau of the Census contain no data on energy
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E;r'consumption. Thus, the Bureau of the Census is an incomplete source of data for our

' purposes, since it covers some, but not all, of the sectors of interest here.

: Both of these sources of data present problems of interpretation and use. From
1960 to 1968, there were four major changes in definition in the reporting formats
themselves, and because each reporting utility has some flexibility in its own defini-
tions, the totals for the state may be definitionally impure. As examples of the above,
prior to 1960 both EEI and CSA listed Rural categories. However, these were not
equivalent. The EEI Rural was roughly equivalent to the CSA Irrigations, and the

- CSA Rural was intended to be equivalent to part of the EEI Residential category.

In 1961, EEI dropped the Rural category and distributed the energy previously

reported therein to all the other categories. One could assume that the majority of

this redistribution was to the categories of Small Light and Power and Large Light
and Power, but this is uncertain. Even if this were the case, one is still faced with
the problem that these latter categories are generally considered equivalent to

Commercial and Industrial. Since inclusion of “irrigation” in either of these defini-

tions would seem to be improper, the utility of the data base is less than ideal.

TIME TRENDS

For illustrative purposes, the utility data compiled by EEI and presented in
their Statistical Yearbooks [18] have been used in this appendix. Figure 11 shows
the state’s total consumption of electrical energy over time. It has been plotted on
semilogarithmic coordinates to illustrate the surprising linearity of growth when
plotted this way. Ignoring the small anomaly evident during the war years, the
curve shows a compound annual growth of 8.5 percent, which coincidentally corre-
sponds to a doubling time of about 8.5 years.

Figure 12 displays this information on linear coordinates, broken down by con-
suming sectors. The graph is broken between 1960 and 1961 because of the disap-
pearance of the Rural category. In Fig. 13 each of the billing categories is plotted
separately. From Fig. 13 it may easily be seen that the composition of the total
electrical energy consumption is changing with time in rather important ways. The
Small Light and Power category, for example, ranked third in size from 1950 to 1962,
at which time a dramatic change caused its consumption to double in about 3.5
years. This made the category the largest single consumer, apparently at the ex-
pense of the Large Light and Power category.

The effects of the changing consumption in each billing category are further
illustrated in Figs. 14 and 15, in which the percentage of total consumption is plotted
vs. time, first on an individual basis in Fig. 14 and then on a cumulative basis in Fig.
15. Several important effects are apparent. The first is that the marked change in
the categories of Small Light and Power and Large Light and Power immediately
following the 1960 change in allocation could be due to continued internal changes
. in these billing categories from 1961 to 1964. Between 1946 and 1960, Large Light
L@_nd Power varied between about 38 and 40 percent of the total. In 1961 it jumped
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Fig. 11—Historical California electrical energy consumption

to 47 percent, but in the five years from 1961 to 1966, it fell to about 32 percent,
where it has apparently stabilized. This change is mirrored by the Small Light and
Power catégory, which showed the previously mentioned atypical growth from 1961
to 1966, then leveled off at 34 to 35 percent. We cannot tell whether these effects
result from changing patterns of consumption or definitional changes.

Figure 16 shows the trend in aggregate electricity consumption by mining and
manufacturing as it appears in the census data. No analysis of the data will be made
at this point except to note that the consumption illustrated in Fig. 16 is different
both in magnitude and history from the curve shown for Large Light and Power in
Fig. 13. This comparison is made because the EEI Large Light and Power category
is often equated to the industrial sector, as is the sum of mining and manufacturing.

L. The obvious dissimilarity of the data illustrates one of the problems in their use..
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Despite the anomalies in the data, it is apparent that sectoral consumption of
| electricity is changing in important ways which are likely to affect the total future
i demand for electrical energy. Because of the anomalies, the proper identification of
. sectoral electricity use is difficult. Discussion of the techniques used to solve this
; Pproblem appear in supporting documents [2,3,4].

! REVIEW OF CURRENT FORECASTING METHODS

At present, an annual forecast of electrical energy consumption for the State
of California is published by the California Public Utilities Commission. This fore-
'~ cast is obtained by summing the individual forecasts prepared by each of the state’s
utilities for its particular service area.

This procedure has a number of inherent disadvantages for policy planning.
Different utilities may rely on different forecasting methodologies, with the result
that one utility’s forecast may be more sensitive than another’s to a particular input
variable. This weakness causes internal inconsistency.

Moreover, there is no assurance that similar input data have been used. For
example, where population is an input factor, different utilities may rely on any one
of several projections that the Bureau of the Census provides.

Lastly, individual utilities may base their forecasts on widely differing views of
. California’s future economy, further compounding the inconsistencies mentioned
above.

' Time Span of Forecasts

Forecasts by utilities are generally divided into four time categories: the im-
mediate future (a day or a week), the near future or short term (12 or 24 months),
the intermediate term (4 or 8 years), and the long term (10 to 30 years). The immedi-

ate- and short-term forecasts primarily address questions of daily and short-term
| operation, i.e., preparing schedules for the operation of generating units, determin-
ing spinning reserve requirements, maintenance schedules, firming up interchange
. potential, etc. Because the immediate and short-term forecasts are tied intimately
to the daily operation of utility companies, they are not of significant interest to this
study.

The intermediate-term forecast generally is regarded as the most crucial for
t planning additional generating capacity, since lead times required for building new
power plants are generally from 4 to 8 years. Therefore, utilities usually base their
{ final resource commitment on this forecast, and the state also relies on it in consider-
ing the need for additional generating capacity.

Long-term forecasts serve primarily as the basis for corporate strategy regard-
} ing fuel requirements and other resources, goals and objectives, technological deve-

lopments, and allocation of funds to accomplish objectives and provide for necessary

‘ research.
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| Basic Forecasting Methods

[

Forecasting methods are of two kinds: extrapolative and correlational. Ex-
trapolation assumes a “no-surprise” future—a continuation of observed patterns of
the past. Its results often are of acceptable accuracy because electrical loads have
exhibited stable growth. The considerable inertia of past trends is a comfortingly
stable, albeit naive, guide to the near future.

Correlation techniques are, by their very nature, analytical, and they relate
electric energy requirements to selected associated factors. They provide insight into
the determinants of past growth, not just their aggregate trend, and in a quantita-
tive functional way. The problem of forecasting is not avoided by shifting from a past
trend to a set of independent variables—population, income, appliance saturation,
price of electricity, price of gas—since future values of these variables must them-
selves be forecast. But to the degree that analysis is an improvement over extrapola-
tion, this method is more satisfying.

Both extrapolative and correlational methods have been used by utility compa-
nies. New forecasting methods are continually being developed outside of the utility
industry, but have not been adopted by utilities to any significant degree. Among
these are econometric [10,11,12,13] and input-output approaches [22]. In particular,
these methods become increasingly attractive from an analytical viewpoint and
with the availability of computers for massive data accumulation and analysis.

Like extrapolation and correlative methods, these techniques require forecasts
of income, population, employment, and future business mixes and activities.

When forecasting energy directly, the forecaster cannot address questions of
the effect of differing socioeconomic conditions. When forecasting the determinants
of energy use, the nature of the socioeconomic conditions is addressed directly, and
energy needs are derived from them. This allows a more reasoned approach to the
needs of the future, and permits the analysis of those needs as they relate to changes
in assumptions about future conditions.

Methodologies Used by California Utilities

We surveyed the forecasting methodologies used by the five major utility com-
panies in California: Southern California Edison (SCE), Pacific Gas and Electric
(PG&E), San Diego Gas and Electric (SDGE), Los Angeles Department of Water and
Power (LADWP), and Sacramento Municipal Utility District (SMUD). Of the five,
only two (LADWP and SCE) have a systematic, formal, written methodology. Of the
remaining three, PG&E uses a variant of the “Delphi” approach;!? the other two
use simple extrapolations of past data.

SCE uses two forecast methods [7,23]. The first method includes both extrapola-
tion and correlation of past data. User sectors are divided into Domestic, Agricul-
tural, Commercial, Industrial, Public Authority, and Resale. For each sector, in-
dependent variables are chosen for either correlation or extrapolation. For example,

'2 Delphi is a set of systematic procedures for aggregating the judgments of a group of experts.
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the forecast for the domestic sector uses both correlation of per capita energy con-
sumption with per capita income, and the forecast of population growth of Southern
California. The forecast for the industrial sector uses the relationship between
industrial energy sales and gross national product (GNP); then it uses forecasts for
GNP to determine the future industrial requirements. On the other hand, current
and past agricultural consumption is simply extrapolated to the future.

The second method, recently tested by SCE, ties electrical load growth to land
usage. The method divides the entire SCE system into its six operating divisions and
then examines how land usage is expected to change over the next 10 to 30 years
for each district within each division. Current land usage, i.e., residential, agricul-
tural, industrial, vacant, park, and commercial is determined. Then, using the cogni-
zant Planning Commission’s land use and area development plans, population fore-
casts, and economic forecasts for each one of these districts, a new land use mix for
the future is estimated. Finally, the kWh per square mile of land for the particular
district is calculated, using the present electrical energy requirements per capita for
each user sector. Total energy requirements are then summed across user sectors,
districts, and divisions.

The Los Angeles Department of Water and Power [24] employs a highly disag-
gregated method of forecasting its future load, based also on changing land use.
Early in the development of Los Angeles, LADWP subdivided the city into 230
4-square mile areas that coincide with U.S. Bureau of the Census subdivisions. The
LADWP continuously monitors land usage, both residential and commercial, in
each of these areas by a field survey of each parcel of land. Anticipated future uses
for each lot are based primarily on the type and age of the existing improvements,
proximity to existing or future freeways, and trends in the area both as to land use
changes and the proximity to existing or future shopping centers, recreation areas,
and industrial and commercial establishments. The load per 4-square-mile area 1is
then determined by the land use in each area and by the loading values for each
classification of users.
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Appendix E
ENERGY FOR ENVIRONMENTAL PURPOSES *°

Man’s activities have affected the environment in ways which have caused
recent widespread concern and much remedial action. Environmental problems
may be mitigated in many ways, including the lessening of the offending activities,
as advocated by some. Others prefer to think of the application of technology to the
solution of the problems, and frequently this requires the use of energy—particu-
larly electricity.'* How much electricity will be required in the processes of cleaning
up, restoring, and improving existing environmental conditions is the question.

It can be argued that the operation of devices for removing air pollutants from
exhaust gases and the primary, secondary, and tertiary treatment of liquid wastes
either requires additional energy, cuts down on process efficiency, or both.

It can also be argued that some efforts, such as a policy of discriminate recycling
of energy-intensive materials such as aluminum, could result in a net decrease in
energy (particularly electricity) consumption. However, the consequences of such
actions are not always clear. A recent study of energy use in the beverage industry
[25] exemplifies how research illuminates the implications of seemingly prudent
efforts to conserve energy or improve the environment. One of its findings was that
about 7 percent more total system energy is required to recycle throw-away bottles
than simply to discard them and manufacture new glass, instead. Total system

| energy requirements are reduced by from 70 to 80 percent, however, if returnable
. rather than throw-away bottles are used. And solid waste that would require dis-
. posal is reduced by a factor of six to ten, depending on the average number of round

trips per bottle. The energy economics of recycling, then, is not always intuitively

[ obvious.

e

FR——

Specific information on the energy requirements for various environmentally
oriented uses is difficult to assemble in any systematic fashion, and no concerted

efforts appear to have been made to document what these uses might be, or to total

% This appendix was written by Deane N. Morris.

4 “The pollution problem with us today results from the fact that we have not recycled our wastes.
As we learn to do this, electric energy will be required in vast quantities ....” W. C. Tallman, Energy
and the Quality of Life, Thirty-Eighth Annual Convention, Edison Electric Institute, June 1970.
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i how much energy might be required if they were all implemented. Systematic
' analyses have only scratched the surface in areas of great importance to the consid-
eration of energy and environmental problems. Fragmentary evidence available at
the moment does not give the impression that the energy required for these purposes
will be an important factor in the future. For example, the primary and secondary
treatment of waste water in one area represents an additional 10 kWh per year for
each person using the facility, or about a 0.1 percent increase [26]. Similarly, the
. collection of particulates from power plants can require in the range of 0.1 to 3
- percent of the plant output.
Despite these numbers, given the virtual absence of analysis and the rapid
reshuffling of priorities in matters of environmental protection, we cannot now offer
even rough estimates of overall electricity requirements for environmental uses.
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