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Summary

The main purpose of this study is to estimate an econometric model of
the demand for energy in the U.S., and to use it to derive forecasts of
future demand between now and 1990 under a variety of alternative assumptions
about how the economy will develop., The data used to estimate this model
are annual observations from 1964 to 1974 for individual states, broken
down into different classes of customers as well as into the major types of
fuel, With a set of data of this type, the basic analysis is conducted at
a more disaggregated level than in most other studies.

After the oil embargo in 1973, many economic factors relating to energy
have shown substantial deviations from earlier trends, An attempt is made
in the analysis to determine whether or not the estimated econometric model
can explain these recent changes in the pattern of use of energy. It is
found that an additional factor must be added to the model, This factor,
which is called the Non-Market Conservation Effect, corresponds to the
reduction in the use of energy in 1974 which cannot be attributed to purely
market forces, There is some evidence that this non-market effect is
still present in 1975, when most of the policies for the direct rationing
of energy had been withdrawn, This may be considered as a demonstration of
the potential for conserving energy through increased public awareness,

The different forecasted levels of use of energy in 1990 range from
an increase of almost 80 percent from the 1974 level to a decline of over
10 percent, The magnitude of this range illustrates the importance of
whether the future price of energy decreases or increases, and of whether
or not successful efforts are made to keep Non-Market Conservation in
effect, An additional part of the analysis is to demonstrate that the
eventual price of energy need not be determined soclely by the cost of pro-
ducing energy. A tax on the use of energy can be an effective way of re-
ducing the quantity of energy demanded, A corollary to this is that direct
or indirect subsidies to producers would increase the quantity demanded,
and return growth rates to previous high levels, '



1. MODELING THE DEMAND FOR ENERGY

1,1 TIntroduction

In any attempt to forecast the consumption of energy, it is possible
to extrapolate future levels from past observations of consumption, and
a variety of relatively sophisticated models of this type can be estimated
1/

using time-series analysis.,~ Linear or log-linear extrapclation are
just two simple examples of this approach. With the oil embargo in
1973, an economic recession, and dramatic increases of the real prices
of energy, it is inevitable that the form of such & medel will have :
altered significantly during the last three years. Unfortunately, it is
in just such a situation when these models break down that some explanation -
- of how future consumption levels will be affected is really needed, This
is where the advantage of econometric modeling is potentially most valuable.gl

In an econometric model, important measured characteristics of the
market f£or emergy are linked together in a mathematical relationship,
The usual approach is to try to relate consumption levels to factors such
as the size of the population, real income per capita, and the prices _
of different sources of energy and of other competing or complementary E
products, Forecasts can only be obtained if the levels of these explan- i
atory factors are specified, and in this respect, econometric models are {%
more demanding than time-series models because the factors themselves must .
be forecasted, This can either be done in another segment of the model

or independently of the model. Nevertheless, a well-specified econometric

model is still useful because there is a greater chance that itgs form
will remain stable during a period such as the "energy crisis" than there
is with a purely time-series modei. In addition, it is possible to
calculate forecasts using the same econometric model under a wide variety
of different assumptions about how the economy will develop, including
specifications which are purely hypothetical,

This discussion does not imply that the structure of an econometric
model is always stable or that the corresponding forecasts are correct,
It is fairly safe to assume that forecasts of the consumption of oil for
1974 and 1975 which were made before the o0il embarge in 1973 would have
been considerably higher than actuwal levels, regardless of the type of

model used, However, this error need not indicate that the structure



of an econometric model has altered, because the levels of some explanatory
~factors; guch as-the price of imported oil, were probably incorrectly .. .
specified when the forecasts were made. Using the actual levels of
these factors in 1974 and 1975 may still provide accurate predictions
of consumption for these years, Although, from a strictly forecasting
point of view, this is just being wise after the event is over, an
econometric model still provides an explanation of why observed changes
of consumption patterns occurred by indicating, for example, the relative
importance of the recession to that of price increases,

The conclusion that should be drawn is that econometric models play
a dual role, TForecasting the mest likely range of future levels of
consumption is one objective, but the second, and in many ways the
most important, is to provide a way of investigating a variety of alter-
native policies about the future use of energy, It is this lattexr property
which makes econometric models attractive for studies such as the one being
conducted by the Panel on Demand and Conservation. An additional con-
clusion is that given the substantial changes that héve occurred since
the oil embargo, some attempt should be made to determine whethexr the
estimated structure of a forecasting model still provides an accurate

explanation of consumption patterns in 1974 and 1975,

1.2 Specification cf the Demand Model

The main statistical cbjective of this analysis is to estimate the
relative effects of population, real income and the prices of different
sources of energy on the consumption of a specific category of energy.
For each category, the quantity demanded is regressed directly on these
explanatory factors, and comsequently, it is assumed that purchases by
jndividuals do not influence any of the prices charged, and furthermore,
that there are no supply restrictioms, In other words, all customers
can buy as much as they want at the specified prices, With this approach,
there is no guarantee that the forecasted levels of consumption for a
given set of prices will be exactly the same as the quantities supplied
at those prices, It is, however, always possible to equate demand and
supply by taxing consumption whenever the demand price is higher than the
corresponding supply price, or by subsidizing production if the demand

price is lower than the supply price. Both types of adjustment are



discussed again in a later section of the paper.

Given the basic approach of determining the quantity of energy de~
manded in terms of measured characteristics of the market, it is now
possible to discuss the nature of the data used in this analysis, All
of the models are estimated from annual data for the years 1964 to 1974,
using the state or some combination of states as the basic unit. In
addition to the regional disaggregatiom, two‘majorAclasses of customer
are identified, These are (1) Residential and Commercial (these two
categories are combined because data on the consumption of oil are not
sufficiently disaggregated), and (2) Industrial, For Residential and
Commercial customers, three competing fuels are considered; namely,
electricity, natural gas and oilaéj The demand for gasoline is determined
in an independent model with no other competing fuels, For Industrial
customers, the choice of fuel is from electricity, natural gas, oil and
coal, In the initial stages of this analysis, a model for predicting
the fuels used for generating electricity was also considered, However,
this model performed very unreliably in camparison to the models for
the other two classes of customer, and consequently, no vesults are
presented for Electric Utiiitieseél

With this particular scheme of disaggregating the demand for
energy, there are 8 separate categories of demand identified for estimation,
which together account for roughly 80 percent of all energy used in the
U.S. This is reascnably consistent with one of our initial objectives,

" which was to obtain as complete ‘a coverage of all forms of energy as
practical, The major omitted categories of customers are associated with
rail, sea and air transporatiom, and with the military. In terms of
energy, the omitted categories are comprised mainly of petroleum products,
such as aviation fuel. It should be noted, however, that the estimated
model for oil in the Residential and Commercial sector proves to be
unsatisfactory, and even though this model is estimated, it is not

used to derive forecasts,

The decision to use data for individual states rather than national
data as the basis for estimation is primarily to benefit from the considerable
amount of variation in key market characteristics, such as prices and

incomes, which exists among states, By using data of this type, however,



the number and variety of variables for which sources are readily
available are limited, and some analyses which can be conducted at the
national level can not be attempted with state data,

" The mexE step 18 o specify the exact foim of the demand relationship
for each class of customers and each type of fuel. Since the primary
objective of this analysis is to forecast the demand for all energy in
the U,S., the basic approach is to treat the demand for any fuel by a
given class of customers in a similar way, and to avoid selecting a
method of analysis for one fuel which can not be executed for other fuels,
Consequently, the actual method chosen is relatively straightforward,

For Residentiazl and Commercial customers, the model relates the
quantity of each fuel demanded tc population, income per capita, the
price of the fuel, the prices of substitute fuels and the price of
appliances, The last variable was, in fact, dropped from the analysis
since it performed unreliably and had little affect on the explanatory
power of the medel. In each equation the prices of substitute fuels
are lagged by one period, The rationale for this is that there is a
definite delay before stocks of appliances and equipment cam be changed,
Raising the price of electricity, for example, may reduce the intensity
of use of electric appliances and equipment immediately, but the assoclated
increase of demand for oil will only materialize if new oil burning
equipment 1s installed, In additiomn, an iﬁdex of urbanization ls used
as a proxy for the relative importance of such factors as the percentage

number of families living in apartments,

The model for gasoline is similar to the model described for the
other fuels used by Residential and Commercial customers. However, there
are no substitute fuels in this case, and the price of appliances is
replaced by the price of automocbiles,

Nearly all published models incorporate soms form of distributed
lag mechanism to represent the gradﬁal ad justment of consumption levels
over time to changes of the market characteristics, This adjustment
reflects the fact that the demsnd for emergy at any point of time depends
on the existing stocks of appliances, equipment and vehicles, and that
generally these stocks can not be modified immediately in response to
market forces, We have followed the widely used practice of specifying
a linear regression model with a partial adjustment mechanism by including
the quantity demanded in the previous timeeperiod as an explanatory'
variable,éj Since all of the major variables are measured in logarithmic

units, the coefficient of a vavriable such as iocome corresponds to the
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is to estimate elasticities for population, real income per capita, the
price of that fuel, and the prices of substitute fuels, Some analysts
favor excluding population from the model, and measuring the quantity
of each fuel demanded in per capita units.zj This is equivalent to
assuming that demand adjusts immediately to population changes, and
gradually to changes of the other factors, Such an assumption seems
reasonable if the annual changes of population are solely from migration
of families from one state to another, rather than from changes in
the composition of existing families within each state, The latter
situation is more in line with our approach, However, since -our -estimated
long-run elasticities for population are close to one, there is little
substantive difference between the two specifications,

The choice of how to measure the prices of different fuels is not
a simple task because, for nearly all fuels, customers pay lower prices
when purchasing larger quantities, The most widely discussed situation
in which this occurs is with the familiar declining-block tariff for
electricity, Until recently, concern was mainly centered on whether to
use the average price paid or the marginal price paid in the model.gj
The average price is relatively easy to calculate from available sources
of data, and we have used average prices in our earlier studies as
well as in this one. Although it is also easy to determine the marginal
price for an individual customer during a particular billing perioed, the
representative marginal price for all customers in a state over a one
year period is not easy to déterﬁiﬁe, ahd consequently, various simpli-
fying assumptions must be employed, Existing evidence in the literature
relates exclusively to the residential demand for electricity, and it
suggests the resulting estimated models have similar characteristics,

9/

regardless of which measurement of price is used,™

Additional contributions to this issue of measuring price were re-
cently made by Taylor,ig/ who has used the fact that any multi-block
tariff is equivalent to a hwo-part tariff, and consequently, can be dir-
ectly related to the earlier anmalysis by Houthakker of the rates for elec-

11/

tricity in England.~~ This work by Taylor has resulted in the most
thorough investigation of how to measure the residential price for elec-
tricity to date, The implications of Taylor's approach is that two measures

of the rate schedule should be included in the model. One measure is the marginal




price, and the other is the sum of expenditures made above this marginal

referred to as the "fixed charge", It is interesting to note that we
adopted a similar approach in an earlier study of the demand for electri-
city although the two measures chosen by us were different from Taylor‘s,lg/
We concluded in that study that the level of the rate scﬁedule, measured
by the average price in our case, was all that really mattered from the
point of view of forecasting the demand for electricity,

In an empirical amalysis of the residential demand for electricity
using Tayloxr's approach to measuring price, the resulting long-run
elasticity for price is found to be 'not as large [in absolute terms] as

13/

previous studies have indicated"==", and 2 value of -0.8 is considered
more realistic, The corresponding value in our analysis is -1.02

(see Table 2)., However, the apparent disparity between these two figures
does not accurately reflect the true difference between the models, An
increase of the average price, the measure used in our analysls, implies
that both the marginal price and the fixed charge inérease, Since the
elasticity reported by Taylor et al refers only to an increase of the
marginal price, its absolute magnitude is smaller than it would be when the
fixed charge increases as well, With this modification, the long-run

price elasticities for the two preferred models are ~0.99 and -0.95l&/ which

]

are very similar to our value, It is possible that by measuring price
differently from Taylor, the estimates of other elasticities are biased,
but this does not appear to be the case here, For income, our elasticity
is slightly larger than the value estimated by Taylor et al. The elasticity
for the price of gas is very small in both analyses.léj We do find a rel-
atively large elasticity for the price of distillate oil, but this variable
is not used by Taylor et al, Hence, we conclude that overall there is
little substantive difference between the two approaches, although there
may be a tendency towards higher forecasts of demand with our model when-
ever the price of oil increases,'due to substitution between electricity
and oil,

Having concluded that the distinction between average and marginal
prices is not important for forecasting purposes, it should be noted

that the distinction does have considerable significance for developing



government policies towards energy., In particular, the design of rate
schedules will influence the way in which demand develops, For Residential
and Commercial customers, the main competition among different fuels is

for space and water heating, which together account for about half of

the direct purchasesof energy (excluding gasoline) for homes, If

lower prices are charged when large quantities are purchased, the competi-
tive position ofafuel is obviously emnhanced in the important heating
segment of the market, This type of price discrimination is only practical
if resales can be prevented, and consequently, it is easier to discriminate
with electricity and natural gas than with distillate oil. Since declininge
block tariffs are so widely used for electricity, it is possible to make
electric heating as inexpensive to customers as direct heating by natural
gas or oll, In terms of energy use, however, electric resistance heating
uses about twice as much energy in total, unless hydro power is used, due
to losses during the generation and distribution process. There is one
situation in which the use of electric heating may be valid, and it is
when the source of energy for generation is not suitable for direct use,
Hydro and nuclear power are obvious examples, but with most fossil fuels,
and particularly with natural gas, this justification need not exist.

The implication of the previous discussion is that the main value

derived from representing rate schedules accurately is that it makes

it possible to conduct a formal analysis of an issue such as the role

of electric heating, A similar arguwent could be made for investigating
the common practice of charging much higher prices for electricity and
natural gas to residential customers than to industrial customers, TFrom

a strictly economic point of view, the use of decliining block rates is
efficient if economies of scale exist, implying that expanding the use

of a fuel leads to lower average costs, This situaticn probably did exist
for the generation of electricity during the fifties and sixties, but
clearly it is not the case now. New generating facilities are considerably
more expensive to build, particularly if nuclear reactors are used, the
prices paid by electric utilities for fossil fuels have increased sub-
stantially, and sites for new dams are very limited, Hence, the desira-
bility of continuing to use declining block rates for electricity is in

doubt, With natural gas, the case against this practice is even more
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obvious, since an increasing proportion of supplies now come from relatively

_inaccessible fields.
An obvious question which now arises is that 1if the design of rate

schedules is so important, why is this not more apparent in the estimated

models of demand which include design characteristics, We were, in fact,

disappointed by the absence of significant results in our earlier inves~

tigation of rate schedules and the demand for electricity. The only plausible

explanation is that the competition among fuels for heating is obscured

by aggregation, particularly when the number of households with electric

heating is as small as it is. Interestingly enough, existing studies

of the demand for space and water heating tend to find relatively high elas-

ticities with respect to price. In the analysis by Lin et al, the

earlier results of Wilson, of Anderson, and of Baughman and Joskow are

16/

also presented,~ 1In all four cases, the smallest long-run elasticity
in absolute terms is ~1,77 for water heating, and-2,04 for space heating.
The more recent study by Taylor et al does, however, find substantially

17/

smaller values for these elasticities,~~ Hence, all studies except the
one by Taylor et al support our contention that the design of rate
schedules is an important factor for determining the competitive position
of different fuels for ke ating in the residential and commercial market.
A similar argument is expected to hold for many industrial processes,
Turning now to the model for Industrial customers, the quantity of
each fuel demanded is specified to depend on the prices of the fuel, of
alternative fuels, of other competitive inputs,6and of equipment and
machinery, and also on the level of industrial output, The assumption
underlying this specificatiom is that producers attempti to minimize costs
for any given level of output, Since changing the relative importance
of different fuels often involves changing existing stocks of equipment
and machinery, demand is expected to.adjust gradually to market forces,
As a result, a distributed lag mechanism is included in the model. The
same procedure adopted fox Residentiél and Commercial customers is used,
implying that the quantity demanded in the previous period is present as

a8 Yegressor,

The main difficulty encountered with the model for Industrial customers
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is the lack of suitable data, With regard to the prices of the four
fuels, only the prices of the regulated fuels, electricity and natural
gas, are readily available at the state level., For residual oil and
coal, the prices paid by electric utilities are used as proxy variables
for the actual prices since the latter are not published, In each model,

the prices of substitute fuels are lagged by one period to allow for

the delay involved with changing existing equipment and machinery, The
prices of other relevant inputs, such as labor, capital, equipment and

machinery, are even more difficult to obtain., During the initial stages

of the analysis, price indices for labor and equipment were included, but
in the end, only the Wholesale Price Index is used as a proxy for the
prices of non-fuel inputs, The problems encountered with this part of
the analysis probably relate to the fact that the prices of non-fuel inputs
could only be obtained at the national 1evel,‘and consequently, regional
differences are not identified.

The most difficult factor to measure is industrial output, One
obvious procedure is to use the value added by manufacturing, which is

reported for individual states in the Annual Survey of Manufacturés;lg/

However, the appropriate data for 1974 are still unavailable, Since the
0oil embargo inititated by the Organization of Petroleum Exporting Countries
occurred in 1973, any assessment of the consequences of this embargo makes
the use of data for 1974 essential, Consequently, we resorted to a more
indirect way of measuring industrial output, States with larger popula-
tions and higher levels of income are assumed to have greater production
from industry than in other states, An additional variable is an index

of urbanizatiom which acts as a proxy for the type of industrial production
in each state, The Gross National Product is also included to reflect
national aspects of demand which are not reflected by these state measures,
Consequently, determining the elasticity for income implies that both

the coefficients for the Gross National Product and for income within

the state must be considered, In other words, the overall effect of

income is evaluated as though it grows at the same rate throughout the

economy,
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1.3 Estimation of the Residential and Commercial, and the Industrial Demand Model

For both classes of customer, the form of the demand model is very
similar, Thelogarithm of the quantity of each of the following fuels:
electricity, natural gas, oil and coal (only for Industrial customers)
is regressed separately on the logarithms of population, income perx
capita, the prices of the four (three for the Residential and Commexcial
customers) competing fuels, the lagged dependent variable and other variables
discussed in the previous section, All variables measured in terms of
nominal dollérs are converted to real dollars through deflation by the
Consumer Price Index,

Although the models for both classes of customer are estimated from
pooled cross-section and time-series data, the degree of regional disag-
gregation varies between classes, For Residential and Commercial customers,
there are 47 cross-section units representing the 48 contiguous states
in the U.S. (North and South Carolina are combined, and so are Washingtonm, D.C.
and Maryland), but for Industrial customers, omly 33 cross-section units
are identified, and the exact combinations of states are listed in the
Appendix,

Whenever a lagged dependent variable is present as a regressor in
a linear regression model, the ordinary least squares estimator is incon-
sistent if the unexplained residuals in the model are interdependent
through time, With pooled cross-section and time-series data of the
type used for this analysis, the residuals are related through time if
systematic differences exist among states which are not captured by
the other regressors. Since it is aimost certain that differences of
this type do exist, it is appropriate to use an alternative estimator
which is censistent, We have chosen‘to use a generalized least squares
estimator under the aésumption that random effects exist among states,
Although it is also possible to specify that the effects are fixed, in
which case the model can be estimated consistently by ordinary least
squares, the generalized least squares estimator under our specification
may be much more efficient if there are large differences in the levels

of regressors among_statesnlgj Since our type of disaggregated data was

chosen specifically to benefit from the large ryegional variation, the



‘estimators of .the variances,.can not, in general, be established with .

13

generalized least squares estimator seems appropriate, This reasoning
probably explains why the model with random effects is so widely used
in studies of the demand for energy based on pooled data,

Computing the generalized least squares estimator requires that two
éomponents of the variance of the residual term are known., Since this
is notthe case, these variances must be estimated. Once again the
lagged dependent variable creates statistical problems because many
standard estimates of the variances are no longer appropriate., Un-

biasedness, which is the most commonly used small-sample property of

our model, Consequently, we rely on the standard Analysis of Variance
estimator for a balanced one-way layout using realized values of the

20/

residuals,~ The consistency of this procedure depends on using a
consistent estimator of the coefficients of the regressors to compute
the residuals, and the ordinary least squares estimator of a model which
includes a fixed effect for each state is chosen for this purpose,

Even though the differences among states are specified as random
for estimation, realized values of these effects are needed for fore-
casting, This implies that the forecast for any state is conditional
on knowing which state is being considered. It should be noted that
the standard procedures for obtaining values of the state effects are
not identical when the effects are random as opposed to fixed, The

appropriate procedure in our case is described in detail by Searlqul/
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2, THE EMPIRICAL RESULTS

Using the specification of the demand model discussed in the |
previous section, the first step of the analysis.is to determine whether
the structure of this model was affected by the public's response to the
0il embargo in 1973, . If the structure has changed during the last two
and a half years, it is uﬁlikely that reliable estimates of the current
structure can be obtained from our sample, since it only covers the years
1964 to 1974, Hence, it is sensible to determine whether consumption
levels in 1974, the first year after the oil embargo, are in some way
inconsistent with the estimated structure before making an? forecasts,

One way of doing this is to compare the estimated models for two different
sample periods; one covering 1964 to 1973, and the other covering 1964 to
1974, 1In this way, it is possible to determine whether the addition of
data for 1974 changes the estimated models substantially,

The results of this preliminary analysis are reported in Table 1,

For each category of demand, I Corresponds to the fitted model for 1964

to 1973, and II to the fitted model for 1964 to 1974, A comparison of

the two sets of estimated coefficients for each equation shows that there
are some dramatic changes.gg/ In the Residential and Commercial sector,
the coefficients for the price of oil in the equations for electricity

and for natural gas change sign in spite of the fact that the corresponding
t ratios are relatively large. 1In addition, there are substantial changes
in the coefficients for the prices of gasoline and of automobiles in the
equation for gasoline. 1In the Industrial sector, the most cbvious changes
are in the coefficients for the Wholesale Price Index, and in the relative
importance of income pér capita within the state compared to the Gross
National Product, _

This evidence suggests that the structure of the model was not the
same in 1974 as it had been in the earlier years, Consequently, the
model is slightly modified in order to find a stable structure, If a
dummy variable for the year 1974 is introduced, most of the changes of
the estimated coefficients in the Residential and Commercial sector and

some in the Industrial sector are reduced substantially, indicating that
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Table 1, STRUCTURAL STABILITY OF TﬁE CONVENTIONAL DEMAND MODELl/
Residential and Commercial

Explanatory Electricity Natural Gas = _ _ 0il Gasoline

Variable 1 I1 TII1 I IT TII I IT III 1 I1 IIT
1. Population .22 .20 .20 .29 .27 .23 31,21 .21 .39 .38 .31
2, Income per capita .22 .17 .22 -,05 -,13 -,08 .91 .88 .90 17 .23 .13
3, Price of electricity =-,23 -,19 -, 20 -,08 -,02 -,04 -.01 -,04 -, 02 - - -
4, Price of nmatural gas -.0l -.0l -,0L =-.28 -.30 -, 26 .29 .37 .38 - .

5. Price of oil .06 -, 14 ,06 .32 -,12 .18 -.27 -.23 -, 28 - -
6. Price of gasoline = - - - -t T T TT o me15 4033 -k
7. Price of automobiles - - - - - - - - - -, 23 «,12 -.277
8. Urbanization -.13 -.11 -, 14 16 .14 17  ~.64 -,58 -,59 -, 06 -.19 -.07
8, Conservation effect - - =,06 - - -.09 - - .02 - - =07
10, Lagged dependent .79 .80 .80 J4 .74 78 .70 .78 .78 .62 ,60 .67

Industrial

Explanatory Electricity Natural Gas _0il Coal

Variable 1 I1 TIX 1 I1 TII I IT1 TII 1 11 ITX
1. Population .21 24 22 LAl 44 45 .29 .30 .31 .18 .14 .13
2. Income per capita .03 .14 .12 .32 -,10 -, 10 .87 .72 .80 .31 .12 .13
3. Price of electricity -,12 -.16 -.14 -.06 .09 .12 -,38 -.18 -,32 .18 .01 -.04
4, Price of natural gas .03 .06 .04 -, 86 -.66 -, 67 -,06 .02 -,06 .02 .01 -.02
5, Price of oil .00 .01 .01 04 .04 |04 .05 .02 .68 .03 .02 .03
6. Price of coal .04 .03 ,03 .04 -,03 -, 04 -,02~,10 -,08 -31 -.18 -, 14

7. Wholesale Price Index .19 -.21 .18  ,08 -.13 -, 28 .93 -.07 .86 1,95 1.39 2,04
8. Gross Natiomal Product ,22 .13 .15 -,19 .34 .34 -,53 - 47 -,46 - 09 -.13 -.05
9, Conservation effect - - -.04 - - =~-03 - - =21 - - -.13
10. Lagged dependent 79 .74 .78 .60 .60 .58 70 .72 .72 .87 .87 .88
1/ For each category of demand, the three models are estimated from data for:

I, 1964 to 1973
II. 1964 to 1974
III. 1964 to 1974, with a dummy variable for 1974 included.
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the structure is now reasonably stable for these two sectors, These

_results are summarized in Table 1 under Model IIIL.

Inclusion of the dummy variable for 1974 is equivalent to allowing
for a change of the "tastes" of residential Customers or of the management
practices followed by commercial and industrial customers in 1974, This
change is measured by a shift of the intercept of each equation, In
other words, the demand model for 1964 to 1973 is effectively replaced
by another model in 1974 which has the same elasticities for all factors
as before, but has a different intercept, It is, of course, possible to
consider more genmeral situations in which more than one parameter changes,
However, since most of the substantive differences between Models I and
11 disappear when a dummy variable for 1974 is included, this modification
seems sufficient,gé/

The estimated coefficients of the dummy variable-for 1974 are relatively
large and alsoc have sizeable t ratieos in both the Residential and Commercial
sector and the Industrial sector, which indicates that there were some :
important non-market influences on consumption in 1974, An obvious example
of such an effect is the restriction which was imposed on the sale of
gasoline, Private motorists could only make purchases on alternate days.,
In addition there were many appeals made to the public and to industry
to encourage people to reduce the use of all sources of energy. Con-
sequently, we have labeled this variable as the effect of Non-Market
Conservation to indicate that it is an effect which can not be accounted
for by theresponse of the market to increased prices and the recession,
Inspection of the corresponding estimated coefficients in Table 1 shows
that all but one of the coefficients are negative, implylng, as ome would
suspect, an additional constralnt cn consumption, The exception is a
small increase of the use of oil (Number 2 distillate 0il) by Residential

and Commercial customers,

2.2 The Estimated Model

Even when the dummy variable for 1974 is included, some of the estimated
coefficients in Table 1 have signs that are not consistent with standard
economic logic, While there may be a legitimate explanation for these

apparently illogical signs, such as the forced curtailment of gas sales
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to certain customers or the existence of long-term delivery contracts,
these inconsistencies may lead to misleading forecasts, since they tend
to reflect mainly short-run phenomena, Conseﬁuently, an attempt is
made in this section to constrain the signs of the coefficients to con-

form with economic logic. In almost all cases, this makes little difference

to the performance of the model, since the coefficients with "incorrect"
signs are not well determined im a statistical sense, The resulting esti-

mated long=run elasticities for all 8 categories of demand are summarized

in Table 2, Table A3 in the appendix shows the actual estimated form of
- the models, together with the associated summary statistics such as t

ratios,

Residential and Commercial

The direct price elasticities for the three competing fuels (electricity,

natural gas and o0il) are all relatively large (absolutely greater than one

in the long-run), but there is a high degree of substitution between

24/

natural gas and oil,~ probably reflecting competition for space and water

heating, Substitution between electricity and either of the other two

fuels is relatively small, and only one of the four possible substitution

elasticities in the three equations 1g non-zero. The direct price

elasticity for gasoline is relatively small compared to the other fuels,

and is only about half as big as the elasticity for the price of new cars,
The long-run income elasticities wvary tremendously among. fuels, . 0il

has by far the largest value, followed by electricity, gascline and finally

natural gas, which has a value of zerc. The two values for oil and natural

gas are both surprising, and there is no obvious reason why such extreme

results arise from the data, One explanation mightbe that a great deal

of substitution of oil for natural gas occurred during the sample period

due, for example, to forced curtailments of supplies of natural gas

rather than to price considerations. Although this may be the case in

some states, the overall effect for the U.S, was, in fact, that the use

of natural gas by Residential and Commercial customers increased almost

three times as fast as the use of oil. The long-run elasticity for popu-

lation is close to unity in all cases, If prices remained constant, these



Table 2,

SUMMARY OF THE ESTIMATED MODEL.

Residential and Commercial

Estimated Electricity Natural Gas 0il Gasoline

Long-run elasticity 1/

2, Price of natural gas .00 -1,22 1.60 -

3. Price of oil .31 1.10 -1.22 -
4, Price of gasoline - - - -, 42

5, Price of automobiles - - - -, 8L

6, Income per capita 1.13 .00 4,05 .39

7. Population 1.04 1.03 . 96 .93
Percentage adjustment

during first year 2/ 19 21 23 33
Conservation effect

for 1974 in percent 3f =5 -10 +3 =7

Industrial
Estimated Electricity Natural Gas 0il Coal

Long-run elasticity 1/

1. Price of electricity =, 64 .09 .00 .24

2. Price of natural gas .16 =1.71 .00 .00

3, Price of oil .04 .10 .00 . 27
4, Price of coal .14 .00 . 00 =-1,16

5, Wholesale Price Index .83 .00 1.73 17,23

6, Income per capita .53 .00 1.%0 .80

7. Gross National Product .67 .52 .00 .00

8, Population .97 1.07 1,32 1,09
Percentage adjustment .

in first year 2/ 22 41 27 12
Conservation effect

in percent 3/ =4 +0 =13 ~-13

1/ Defined in statement No, 6 of the references and notes section,

2/ With a partial adjustment model, this is (1 - A} 100, where A is the estimated
coefficient for the lagged dependent variable, The short-run elasticity equals

{1 - 1) x long-run elasticity for each eﬁplanatory factor,

3/ Since the model is linear in logaritbms, this is (¢ = 1) 100, where s is the
estimated coefficient of the dummy variable for 1974,
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results suggest that the use of oil, and to a much lesser extent the use
of electricity, would grow faster than the Gross National Product, while
the use of gasoline would grow more slowly, and the use of natural gas
would just keep pace with population,

With regard to Non-Market Conservation in 1974, relatively large
reductions in consumption were found for all fuels except cll. The
effect for this latter fuel was slightly positive, which may reflect a
switch-by Commercial customers from residual oil, which is largely imported,

to distillate oil, which is produced mainly from domestic sources (note that

only Number 2 Distillate oil is ‘included in this category of demand),  This
suggests that it might be sensible to combine residual and distillate

oil for Residential and Commercial customers if the model were reestimated,

Industrial

The direct price elasticities for the four competing fuels {elec~-
tricity, natural gas, oil and coal) vary much more than they do in the
Residential and Commercial sector. Natural gas has the highest value
in absolute terms, followed by coal, electricity and oil, which has
a value of zero, Substitution elasticities are generally quite small
in all equations, 1In fact, all of the price elassticities for the four
fuels in the oil equation have incorrect signs in all versions of the

- 2
model, and consequently, are constrained to zero,xg/ This may reflect

cur use of the price of oil paid by Electric Utilities in fthis eqﬁation,

since no price data are readl ly available at this level of disaggregation
for Industrial customers, The same problem alsc exists for the price of

coal, and these limitations of the data may account for the difficulties

experienced in obtaining relisble estimates of the price elasticities for
this sector.

Both income per capita within the state and the Gross National Product
are present in each equation, and the sum of the two corresponding elasti-
cities is equivalent to the income effect. 01l has the highest income
effect, followed by electricity, coal and natural gas, This is the same
ordering, with the addition of coal, as the Residential and Commercial

sector, Once again all of the long-run elasticities for population are
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close to one, In the absence of price changes, increasing both income

variables would make the use of 0il and of electricity expand faster

- than-inceme;and-the use -of -coal-and-of natural-gas grow slower-than income, -
In 1974, substantial reductions in the quantities of oil and coal

below the levels predicted by standard market forces were experienced since

the effects of Non-Market Conservation are large and negative for these

two fuels, The corresponding value for electricity is much smaller, and

for natural gas, it is slightly positive,

2.3 The Predictive Performance of the Estimated Model

All of the models fit the data reasonably well, If“predictions are
made for each category of demand for all states year by year, almost all
of the resulting correlation coefficients between the predicted and true

levels of consumption computed across states are greater than 0.98,2§/

The
lowest value cccurs with the demand for oil by Industrial customers, but
the form of this equation is basically deficient because all four of the
price coefficients are zero in the estimated model (see Table 2), Although
the correlation coefficient is a widely used measure of goodness-of-fit,
Theil's U statistic is in many ways more appropriate, If Ot and Pt represent
the observed and predicted levels of demand for observation t, then the
correlation coefficient measures whether Ot and Pt are linearly related,

In other words, it measures how well the equation 0t = g+ B Pt’ where o
and B are two parametcr’, represents the sample, As long as B is positive,
a perfect positive correlation may exist for any values of o and B.
However, a perfect fit only corresponds to the situation in which o = 0 and
B = 1, and consequently, the correlation coefficient can be large even

when the model does not fit well, With Theil’s U statistic, the following

standardized version of the root mean square error is used:

1y ( _ )2
\/TZ_Jt Ot Pt

—

v 2 1 7

\/T Lo+ 7 P
t L

U
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U varies from zero (perfect fit; o = Q0 and § = 1) to one (an exact inverse
relationship; ¢ = 0 and B = ~1), The computed values for each category

of demand for each year are summarized in Table 3.21/

Only four of the

80 values are greater than 0,1, which illustrates the generally high level
of performance of the estimated model. However, another, and more important,
reason for presenting the information in Table 3 is to determine whether
the fit of the model has deteriorated during the sample pericd. In
particular, it is important to determine whether the fit in the later
years is noticeably worse than it is in the earlier years, There is
.nb.iﬁéic;tiaﬁ.éf.éﬁcﬁ”a chéhgé fbf.ény.of the four fuélé'ﬁééd By'ﬁhé'“"
Residential and Commercial sector, and for the Industrial sector, it

is only with natural gas that the largest annual value of the U statistic
occurs in 1974, A possible reason for the relatively poor fit of this
equation in 1974 is that forced curtailments of supplies were important in
some states but not in others,

With a regional model such as the one under discussion, there is

no guarantee that predictions at the national level will be as accurate

as those at the state level, A similar problem can also arise when
converting log-linear models to physical units, even though the models fit
well in the linear foxrm., For this reason, a summary of the predicted and
observed levels of consumption in the U.S. is given in Table 4 for all 8
categories of demand, The corresponding correlation coefficient and Theil's
U statistic are presented for each category. These results also indicate
a high level of prediction performance for all fuels used by Residential
and Commercial customers, and to a slightly lesser extent by Industrial
customers,

"Although regional data have not yet been collected for 1975, values

of all of the important variables in the model have been published for

the whole U,S5, Hence, it is possible to determine the growth of each
variable from 1974 to 1975 and to apply these rates to the regional data
in 1974 to devive rough forecasts of the levels of consumption in 1975,

If these forecasts are then aggregated across states, they can then be
compared with the true values at the national level. The results are
summarized in Table 5, In almest all cases, the forecasted levels are greater
than the true values. This suggests that the effect of Non-Market Con-

servation identified in 1974 may still be present in 1973, For this reason,




Table 3.

Residential and

Commercial
1. Electricity
2. Natural Gas
3, 0il

4, Gasoline

Industrial
1. Electricity
2. Natural Gas
3. 0il

4, GCoal
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COMPUTED VALUES OF THEIL'S U STATISTIC
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. 013
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. 015
.023
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o 061

. 008
. 024
. 016

.022

.012
.039
.125

.036

. 006

. 019

.023

. 016

. 017
.063
. 106

.075

.015
. 031
. 019

. 007

, 018
.032
.056

.052

. 007
.028
, 020

. 010

, 013
121
.068

. 040
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Table 5, FORECASTS OF FUEL CONSUMPTION IN 1975

Specified Growth Rates from 1974 to 1975 (Percent)ﬁl

Residential and

Explanatory Factor ... .......... ... .Commercial . .. Industrial  Electric Utilities
1. Population _ - .8 .8 -
2. Income per Capita -1.9 -1.9 -
3. Gross National Product - -2.0 -
4, Price of Electricity 2;3 8.2 -
5, Price of Natural Gas 11.5 34,8 37.9
6. Price of 0il ' -.7 1.0 1.0
7. Price of Coal | - 10.0 10.0
8. Price of CGasoline 2,8 : - -
9, Price of Automeobiles =3 - -
10. Wholesale Price Index - 1 -

Consumptiog gn 19752j

Residential and

Commercial Industrial
e/ a/ ' a/

Fuel o= Fl F2 1 o Fl F2

1, Electricity 1000 1004 946 659 720 691
(&)  (=5.4) (+9.2) (+4.9)

2. Natural Gas 701 783 706 688 599 599
(+11.7) +.7) {(~12.9(-12.9)

3, 0il . 428 404 415 ‘ 175 224 194
(=5.6) (=3.0) (+28,0) (+10,9)

4, Coal - - - 151 179 156
: (+18.5) (+3.3)

5, Gasoline 103 106 99 - - -
(+2.9) (~3.9)

a/- Preliminary values derived by Duane Chapman from various sources

b/ 0 Observed level of consumption
Fl Forecasted level with me Conservation Effect

F2 Forecasted level with Conservation Effect

The percentage errcr is given in parentheses

c/ Units are the same as in Table 5.
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another set of forecasts is made with Non-Market Conservation included,

In all 8 cases, inclusion of this effect moves the forecast towards the
observed value, but in two cases, the resulting error is larger than be-

fore although the sign is now reversed, implying that the effect of Non-

Market Conservation is somewhat_smaller than it was in 1974, Since the

forecasts for 1975 are generally improved by including Non-Market Conser=-

vation, forecasts from 1975 to 1990 are made in the following section both

with and without this factor,

Since each Fforecast Ffor 1975 is derived using the same growth-rate -
in all states for any particular explanatory factor, no account of regional
differences in price increases, for example, is made, Consequently, the
resulting forecast must not be considered as equivalent to a prediction
in the sample peried. Regional patterns of the euplanatory factors are
known to have changed in 1975, Therefore, it is not really surprising
that the errors of the forecasts are relatively large compared to the
errors in the sample period, and these large errors do not necessarily

imply that the model has undergone any structural change,

2.4 Alternative Scenarios for 1990

Five basic scenarios have been suggested by the Panel on Demand and
Conservation which relate to different assumptions about energy prices
and income.levels in the year 2010, These scenarios, which are labeled
A, B, B', C and D, can be characterized by increasing energy prices im
A, B and B', constant prices in C and modest price declines in D, The
price of natural gas, however, increases in every scenario, For all
scenarios except B', the appropriate aésumptions about energy prices are
combined with the same set of specified growth rates for the other ex-
planatory factors such as population, Gross National Product and income
per capita, Scenario B’ is identical to Scenario B except that a higher
rate of growth for income is specified. Different rates of growth of
income and population are specified for each state, and are based on
projections made by the Bureau of Economic Analysis, {(BEA) of the U.S5,
Department of Commerce.3§/ The BEA projections correspond to an increase

in the Gross National Product which is somewhat larger than the increase
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selected by the Panel, and consequently, increases of incomes in each
state have been multiplied by a common scalar to bring the average rate
..&6ﬁn to the Panel's level, In this way, the relative differences in the
rates of growth of income among states are maintained., It whould be
noted that the BEA has already made an appraisal of their earlier proe
jections for the years 1973-1975, Projected income levels in the
northeastern states were generally higher than the actual levels, while
the projections were too low in the rest of the country. The published .
projections of population were also found to differ from the actual levels
in 19753, andthe errors had a similar pattern to those found for income,
but they were generally smaller. Unfortunately, no adjusted projections
have been published for income or population, and therefore, we have had
" to rely on the existing ones for our forecasts, '

Although the specified growth rates for income and population differ
between states, no such differences are made for prices, Different growth
rates are specified for the prices of electricity, natural gas, coal, and
of petroleum products, and consequently, it i{s assumed that the prices
of gasoline, distillate oil and residual oil all grow at the same rate in
a particular scenario, In addition, the rate of growth of the price of
any fuel is assumed to be the same for all classes of customers, This
latter assumption has some important implications for polilcy since it
implies that existing differentials in the prices charged to industrial
and residential customers, for example, will be maintained in the future,
The current practice of charging relatively high prices to residential
customers has been frequently criticized, particularly with regard to
electricity and natural gas prices. The effect of removing such differen-
tials has obvious relevance to the rate at which stocks of fuels are de-
pleted, and the fact that this topic is not investigated further here
dbes not imply that it is unimportant,

The percentage change from 1974 to 1290 for each of the explanatory
factors is presented in Table 6 for all five scenarios, The levels of
other explanatory factors which are not listed in Table 6 are held at their
1974 values, and therefore, in the cases of the price of automobiles and

the Wholesale Price Index are assumed to increase at the same rate as the
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Consumer Price Index. In every case, non-zero growth rates are converted
to the corresponding annual rates by assuming that each factor grows

linearly rather than at an exponential rate,

Table 6, SPECIFIED CHANGES OF THE EXPLANATORY FACTORS FOR EACH SCENARIO

Percentage change from 1974 to 1990 in real termsgl
SCENARIO
Explanatory
Factor A B B L. b,
1. Population 16,1 16.1 16,1 16,1 16,1
2. Income per capita 30,6 30.6 70.4 30.6 30.6
3, Gross Nationmal Product 47.1 47,1 87.3 47.1 47,1
4, Price of Electricity 114.1 47,1 47,1 0.0 =15.4
5. Price of Natural Gas 553.8 2667 266.7 150.0 97.0
6, Price of 0il 194.9 66,7 66,7 0.0 -18.1
7. Price of Coal 150.0 47.1 47,1 0.0 -13,6
af If xt measures the level of the factor in vear t, then the tabulated value is:

1990 - 1974 ]

100 [
s X1974 .

2.5 The Forecasting Results

After some preliminary investigations, the model of the demand for
oil in the Residential and Commerciallsector was found to be unsatis-
factory, 1t has already been noted that both the income elasticity and
the substitution elasticity with respect to natural gas are extremely
large in this equation, Since the specified growth rates in the five
scenarios for both of these factors, particularly the latter, are also
large, forecasts of the use of oil by Residential and Commercial
customers are cften unrealistically high, and in some cases, this category

of fuel accounts for over 40 percent of all energy, compared to about
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4 percent now, In order to make it possible to compare the forecasts for

_different scenarios on the same basis, this equation is dropped, and .

consequently, the demand for oil by Residential and Commercial customers
1s now assumed to be part of the category "Other Primary Energy",
It is convenient at this stage to convert each fuel to a common unit
(btu, British Thermal Ugﬁts) so that the total quantity of enmergy of all
2

types can be measured,=~ The seven categories used for forecasting account
for over 70 percent of the energy from all sources used in the U,S, We
assume that the same proportional relationship will hold in the future, and
the subtotal for the seven categories of fuel is multiplied by 1,37 to

give the total amount of energy from all sources, The implication of

this procedure is that omitted categories of demand, which include the
distillate oil used by Residential and Commercial customers, oil for
feedstocks, and fuels used for air and rail transportation, are influenced
by population, income and the prices of fuels, The magnitude of these
effects correspond to some weighted average of the values in the seven
equations used for forecasting,

A similar procedure to the one used for Other Primary Energy is
followed for converting the total amount of electricity purchased by the
Residential and Commercial sector and the Industrial sector te the total
amount generated, The difference between forecastéd sales and generation
is accounted for by some additiomal classes of customers, such as railways,
and more importantly, by losses during the distribution process, and the '
difference corresponds to roughly 12 percent of generation. The forecasted
level of sales for each census region Is converted to the level of genera= .
tion by multiplying it by a scalar corresponding to the ratioc that existed
between generation and sales in 1974,

For each scenario, two versions of the estimated model are used to
derive forecasts. In the first version of the model, Non-Market Conser-
vation (N-MC) is omitted, and as a result, it is assumed that demand returns
to its pre-1974 structure in 1975 and remains unchanged in subsequent
years, In the second version, the estimate of N-MC is included, implying
that the structure of demand in 1974 is maintained throughout the forecast

period, The reason for considering this latter assumption is that forecasts
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for 1975 derived in the previous section were generally more accurate with
N-MC present, suggesting that the shift of demand in 1974 was not just

a temporary phenomenon, These two proceudres for deriving forecasts may

be interpreted as defining two extreme situations, With N=MC omitted,

the assumption is that non-market effects are no longer present after

1974, However, since efforts to maintain lower speed limits on highways,
for example, are still being continued, there is no reason to believe

that omitting the N-MC is correct. On the other hand, the appropriate

level for the NwMC can not be determined from existing data since it depends
to alarge extent on whether or not polic1es for ensuring that enexgy is =
used more efficiently are actively encouraged by the govermment., Hence,

the forecasts with N-MC present are meant to {llustrate the potential

for reducing the need for more energy through increased public awareness

and legislative means.

The 10 forecasts of the levels of energy used in 1990 are summarized
in Table 7 for each of the seven categories of fuel as well as for various
aggregates, In additiom, the corresponding observed levels for 1974 are
shown. In the following discussion, the percentage increase from 1974 to
1990 is used as a bench mark for making camparisons, We have chosen not
to adept the common practice of using annual growth rates because such
a measure often leads to the mistaken conclusion that the use of energy
will necessarily grow exponentially in the future as it has in the past.

_ With Scenario A, in which the prices of all fuels increase substan»
tially, the total quantity of energy is forecasted to increase by 22 percent'
between 1974 and 1990 if there is no continuation of Non-Market Conservation
after 1974, or to decline by 15 percent if this effect continues throughout
the forecast period, The use of natural gas drops dramatically in both
cases, especially for Industrial customers, and to a lesser extent, So
does the use of gasoline, However, the total use of electricity and the
use of oil and coal by Industrial customers increase in both cases, and
in the case with no N-MC, these increases are sufficient to offset the
decreases of other fuels, With Scenario B, in which more modest increases
in the prices of fuels are specified, the forecasted levels in 1990 are as

large or larger than the corresponding forecasts with Scenario A, Although
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once again the use of natural gas is forecasted to decline both with and
without N-MC, the use of gasoline declines only if N-MC continues, The
combined effect on the total quantity of energy in 1990 is an increase of
44 percent from 1974 without N-MC and a decline of one percent with N-MC.
The price of natural gas increases in Scenaric € and D, but the

prices of other fuels remain at their 1974 levels in C and deciine in D,
In all casés the forecasted levels of all fuels except natural gas in 1990
are higher than in 1974, Without N-MC, the largest increases are for the |
coal used by Industrial customers, followed by oil for Industrial customers, |
total generation of éiéééﬁiéiéfuéﬁ&mééééiihé;. With continued N-MC, the first i
three of these categories have similar percentage increases, and once
again, the increase of gasoline is relatively small. The combined effeét
is that without N-MC the total use of energy increases by 67 and 78 percent
from 1974 to 1990 for Scenarios € and D, respectively, and the corresponding
{ncreases with N-MC are 1é and 24 percent.

Scenarios B' and B are identical except that income 1s specified to
 grow faster in Scenario B'. The forecasted quantities of fuels used in
1990 with Scenario B' are very similar to those with Scenario D. The
quantities of natural gas are, in fact, lower with Scemarioc B', but the
corresponding quantites of oil and gasoline are higher, Thisz demonstrates
that in terms of the overall use of energy, addicicnal growth of the economy
has a similar effect to reducing the price of energy. With both scenarios
B' and D, relatively high rates of growth of energy are forecated, corres-
ponding to annual growth rates of about 3.5 percent without NwMC,.éﬁd”iess
than 1,5 percent with N-MC, Since the corresponding observed rate of growth
during the sample periocd {1964-1974) is roughly 3.5 percent, 1t suggesis
that historical rates of growth will not he attained in the future if the
real price of energy declines, unless the rate of growth of real GNP is
relatively high, With Scenarios A aund B, even lower vates of growth of

energy are forecasted.

2.6 Implemenation of Alternative rolicies for Conserving Energy,

In the previous sectiom, the jmportance of the relationship between

the price of energy and the quantity of energy demanded was demonstrated.



32

Higher prices for energy in the future, together with somewhat lower rates

tially lower rates of growth of the use of energy than the rate observed
over the last 25 years, In some cases, a decline in the use of energy is

forecasted when Non-Market Conservation is present throughout the forecast
period, However, there has been no discussion up to this point about

whether or not higher prices for energy are likely to occur in the future,
In a market economy, such a discussion inevitably involves consideration
of the costs of producing energy., Since this topic falls ocutside the
responsibilities of the Panel on Demand and Conservation, no detailed
analysis of costs is undertaken here, The purpese of this section is to
emphasize that the price of energy should be viewed as a matter of
government pelicy and not as something that is determined exclusively by
market forces, Indeed, present pricing procedures cannot be described as
being influenced solely by costs,

The assumption underlying owr model of the demand for energy 1s that
customers take the prices of fuels as given at any point of time, and
that they can buy any desired quantity of each fuel at those prices, 1In
other words, the supply relationship for each fuel is assumed to be infin-
itely elastic with respect to price for a range of quantities around the
amount purchased. If, however, a specified price in a competitive market
is substantially higher than the corresponding average cost of production,
producers would eventually reduce the price and so increase the quantity
demanded until the price charged is equal to the cost, If, on the other
hand, the price charged is lower than the average cost of production,
the quantity produced would not be sufficient to cover demand,

There is no reason in practice why forecasts should be limited to
situations in which price and cost are equal, If some form of excise or
sales tax is imposed by the government on a fuel, then the price charged
to customers is higher than the price received by producers, Similarly,
if some costs of production are subsi&ized by the government, or directly
by the public in the case of external costs such as industrial pollution,
then producers can charge prices which are less than the social cost of
production, This implies that the appropriate choice of taxes and sub-

sidies can make any set of prices compatible with any set of production
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costs.ég! Consequently, each one of the scenarios discussed in the
previous section as well as any other specified set of prices for energy
may be considered as a possible choice for the future, The main limitation
on the range of possibilities is the ability of the government to establish
and enforce a chosen policy without causing an unacceptable disruption of
the economic system,

In the following analysis, the objective is to illustrate the main
implications of the five scenarios, defined in Table 6, in terms of the
government measures needed to implement them, We assume, for simplicity,
that the costs of producing esach fﬁéi.éfé.ﬁhé.séﬁé"éséuéli.éééﬁarioé:. Aﬁ§
divergence from this assumption would require some knowledge of the costs
of producing the different forecasted quantities of each fuel, and the
appropriate information can not be veadily obtained without undertaking
a thorough analysis of production, This, as stated above, is not within
the scope of this Panel's study, The prices chosen to represent the market
equilibrium are these specified for Scenarios B (and B'), in which the
prices of all fuels rise modestly in real terms, It should be noted that
Scenaric € is cleser to the "base case" selected by the Modeling Resources
Group. In Scenmario C, production costs in real terms ave agsumed to remain
constant for electricity, oil and cosl, and to increase sufficiently for
natural gas to make this price similar to the prices of other fossil fuels
ot a btu basis by the year 2010, However, these assumptions appear te
represent a2 distinctly optimistic view of future developments of production
technology when the current economic and envirommental problems associated
with nuclear pewer, Alaskan oil and western coal are comsidered, To
these domestic problems must be added the increasing cost of importing
fuels such as oll, For these varigus reasons, we conslder that Scenario
B provides a more realistic representation of future preduction costs,

If the price of a fuel in Scenario B ie assumed to represent the'price
needed by producers te cover their costs, then the difference between the
price in any other scenario and the price in Scenarioc B measures the extent
of the intervention required from the government to Implement the altermative
scenario, The taxes or subsidies for electricity, natural gas, oil and
coal implied by Scenaric A, ¢ and D are summarized in Table & for the

years 1975 to 1990. Since the forecasting procedure uses different prices
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for each fuel in different states and for different classes of customers,
the prices shown in Table 8 represent typical walues,

In all cases, the tax or subsidy for each fuel increases over time
as a proportion of the price charged to customers, With Scenario A, in
which price increases are the largest, the implied taxes correspond to
between one third and one half of the price charged in 1990. Their are
no taxes or subsidies with Scenarios B and B' since each price equals the
cost of production under our assumption, With Secenarios C and D, subsidies
must be paid to producers to maintain the increases in the use of energy
implied by the corresponding forecasts, By 1990, the subsidies in Scenaric
C for electricity, natural gas and coal correspond to about half of the
price paid by consumers, and the subsidy for oil is even higher in relative
terms. In Scenavio D, all subsidies are higher than in Scenaric C, and by
1990 are almost equal to the demand price for oil and matural gas, and are
somewhat lowef in relative terms for electricity and coal, It should be
noted that under our assumption all fuels are either taxed or subsidized
in each scenarioc, However, there is no analytical reason for not considering
taxes on some fuels and subsidies on cthers,

The revenues generated by the taxes on fuels or the costs of subsidies
paid to producers are summarized in Table 9 for 1990. In additiom, the
total tax or subsidy for the vears 1975 to 1990 for each scenario ave
summarized in Table 10, The categories of fuel shown in Table 9 correspond
to the seven demand equations used for forecasting, and to the aggregates
identified in that table,

The specific method used to define the rate of taxation or subsidy for
this analysis implies that a known proportion of the total revenue from
sales for each type of fuel and for each year accrues to or is paid out by
the government, With regard to the fuels included in "Other Primary Energy",
it is assumed that the owverall average tax or subsidy per btu for the seven
estimated demand models applies to these excluded fuels,

If government expenditures are assumed to increase at the same rate
as the values specified for GNP in the alternative scenarios, themn by 1990,
these expenditures will be approximately $485 billion for Scemarios A, B,

C and D, and $618 billion for Scenaric B'., The corresponding revenues from

taxes in Scenario A range from roughly 30 percent to 40 percent of all
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Table 9, REVENUE FROM TAXES OR COST OF SUBSIDIES IN 1990 (BILLION 1975 DOLLARS)

SCENARIO—/
a/ No Continued No Continued No Continued
Type of Fuel— N-MC N=MC N-MC N-MC N-MC N-MC
Electricity R/C 25,20 18,62 (26, 28) (19.42) (38,40) (28.37)
IND 14,35 11,98 (11,93) (92.96) (16.53) (13, 80)
Natural Gas R/C 17.39 10.67 . (8,06) (4.94) (12, 96) (7.95)
IND 0,88 0.88 (1.53) (1.53) (3. 20) (3.20)
0il IND 7.68 4,55 (4.16) (2.48) (5.36) (3.18)
Coal IND 8,17 3.04 (5.78) (2.15) (7.91) (2.94)
Gasoline R/C 64,43 52,53 {52, 94) (43.16) (73.40) (59.84)
Total Generation 44,82 34,68 (43.30) (33, 29) (62.25) (47.80)
of Electricity d/
Total Forecasted 98.56 71.67 (72.46) (54, 24) (102.82) (77.10)
Primary Energy d/ |
Other Primary 53.9% 40,01 (43.55) (32,93) (62.10) (46.98)
Energy d/
Grand Total 197,32 146,35 (159, 30) (120.45) (227,17) (171.88)

a/ R/C refers to Residential and Commercial customers,
IND refers to Industrial customers,
b/ No N-MC refers to the forecast with no Non-Market Conservation after 1974,

Continued N-MC refers to the forecast with continued Non-Market Conservation
after 1974,

Scenarios B and B' are used as the base case, and consequently, no revenues or costs
accrue, '

¢/ TFigures in parentheses correspond to a subsidy,
d/ Equal to the sum of categories 2 to 3,

For electricity, it is assumed that the tax or subsidy is applied to the total
quantity generated and not just to the quantity seold,
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Table 10, TOTAL REVENUE FROM TAXES OR TOTAL COST OF SUBSIDIES (1975-1990)
{BILLION 1975 DOLLARS)

Revenue from Taxes Cost of Subsidies
no¥ Continued?/ No Continued
b N-MC N~MC N-MC N-MC
Scenaric A~
1975 11,48 18,70 ¢ 0
1980 72.36 57.16 0 0
1985 . ... .. ... ... .. . .. 133,49 100,65 . ©6 0
1990 197,32  146.35 0 0
Scenario C
1975 0 0 €.95 6,49
1980 0 0 49,16 39,27
1985 0 0 99,71 76,43
1990 0 0 159,30 120,45
Scenario D
1975 ¢ 0 9.35 8.74
1980 | 0 0 54,73 53,9
1985 ' B 0 0 124,03 106.93
199G 0 0 227,17 171.88

a/ No N-MC refers to the forecast with no Non-Market Conservation after 1974,

Continued N~MC refers to the forecast with continued Non-Market Comservation
after 1974,

b/ In Scenarios B and B', prices and costs are equal for all fuels, and
consequently, no revenues or subsidies accrue,
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~government expenditures, This implies that substantial reductions of

other sources of taxation would be possible in this situation,

With regard to the cost of subsidies in Scemarios C and D, the fore-
casted values in 1990 range from about 25 percent to 47 percent of govern-
ment expenditures, However, with subsidies it is not necessarily the
government that pays. If certain external costs, such as the medical
expenses related to pollution from power plants, damages from oil-spills,
etc., are born by the public, then producers are effectively subsidized
even though no formal mechanism for payment of subsidies is instituted
by the government, External costs of this type are transferred to the
"public whenever environmental quality is allowed to decline, This is
not the case with the taxation of fuels, however, since then some form of
government action is always required, It is also possible for the govern-
meit to pay subsidies indirectly to producers, Much of the federal expen-
diture on research into energy production can be viewed in this way, and
in addition, certain tax adjustments such as the investment tax credit are
more valuable to producers of energy because of the capital-intensive
nature of their industry than to labor-intensive industries such as

construction,
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3. CONCLUSIONS

In this analysis, we have attempted to estimate demand models for
the major types of fuel and classes of customer in the U.S. The esti-
mated models are then used to derive forecasts of the quantities of these
fuels and of the total amount of energy demanded in the U.S, by the year
1990 for five alternative scenarios. Each scenario represents a different
set of specifications about the future priceé of fuels and the future levels
of income and population chosen by the Panel on Demand and Conservation,
e pach demand “relationship can be specified as-a linear regression.
model which is then estimated by generalized least squares from a set
of pboled annual data for individual states, Satisfactory equations are
obtained for the quantities of gasm line, electricity, and natural gas
demanded by Residential and Commercial customers, but the corresponding
equation for oil has to be rejected for forecasting purposes, For
Industrial customers, all four of the equations forelectricity, natural
gas, oil and coal are retained, although the equation for oil is not
entirely satisfactory since all of the price effects are found to be zero,
This problem is attributed in part to the inadequate nature of available
data on oil prices at this level of disaggregation.

In addition to the effects of population, income and the prices of
fuels on the quantities of fuels demanded, certain nom-market forces are
present in 1974 immediately after the oil embargo, and their effect on
demand is estimated, Among the seven categories used for forecasting,
estimates of "Non-Market Conservation' during 1974 range from a 13 percent
reduction in the quantities of oil and coal demanded by Industrial customers
to a slightly positive effect on the demand for natural gas by Industrial
customers, 1In general, Non-Market Conservation can be explained by short-
term policies, such as the restrictions placed on the sales of gasoline,
as well as by longer term considerations, such as the public’s willingness
to turn down thermostats in the winter, form car pools and to adopt ofher
practices for using energy more efficiently. These latter changes probably
result from an increasing awareness by the public and by industry of how
to avoid wasting energy. Some evidence for these longer term effects is
provided in the form of forecasts for 1975, Generally, these forecasts

are improved if the estimated effect of Non-Market Conservation in 1974
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is still present in the model. Furthermore, government policiesnéﬁgpéfw
 tuted by federal agencies in 1976 are expected to lead to additional
reductions of demand in the future that will be independent of market
forces, Consequently, forecasts for 1990 are derived under two alternative
assumptions, The first is that Non-Market Conservation is only present
in 1974, and the second is that the estimated shift in the structure of
demand in 1974 represents a permanent change of attitudes towards the use
of energy, Given the continued efforts of the government to encourage
the efficient use of energy through increasing public awareness and through
legislation, the first assumption is probably unrealistic, However, it
is not possible to determine exactly how effective Non-Market Conservation
will be in the future, and consequently, use of the estimated value for
1974 is primarily to illustrate the potential importance of such efforts,
The different specifications for the future levels of the prices of
fuels, together with the potential effect of Non-Market Conservaiion, provide
a wide range of forecasts for 1990. The highest forecast corresponds to
an increase of 78 percent above the level in 1974, while the lowest is
equivalent to a decrease of 15 percent when the effect of Non-Market
Conservation is continued until 1990, These results support a major conten-
tion of the Panel which is that a wide variety of future paths for energy
are possible, These paths range from exponential growth to a flatctening
of the quantity of energy used at voughly the current level, We conclude
that there is nothing predetermined about the path that energy demand will
follow, and deciding which path 1s chosen is an appropriate matter for
public deliberation and decision,
We also demonstrate that a selected path can be implemented by instie
tuting either a tax on the sale of energy or a subsidy for the producers
of energy, Since a tax increases the price paid by customers above the
cost of production, the quantity of a fuel demanded will be reduced, but
on the other hand, a subsidy will increase the quantity demanded, One
additional point is that subsidies can be paid in a number of indirect
ways, such as ignoring the environmental costs associated with produckion.
To this extent, taxation is more difficult to implement because it does
require govermment action, while subsidies can exist through govermment

inaction
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See Table 1, p. 5-4 of the reference.in footnote 13,
This may reflect the fact that the price of gas, on a btu basis, has
been kept low through institutional means, Hence, small changes of this

price do not alter the competitive position of gas to any extent,

W. Lin, E, Hirst and S, Cohn, '"Fuel Choices in the Household Sector",
ORNL/CON=3, Oak Ridge National Laboratory, Temm,, Table 5 p,17, 1976,

See Table 5 p, 6-12 of the reference in footnote 13,

Annual Survey of Manmufactures, Burear of the Census, Dept, of Commerce,
Washington, D,C,

This issue is discussed in detail by G, S. Maddala, 'The Use of Variance
Components Models in Pooling Cross Section and Time Series Data", Econometrica,
39, 1971,

S. R, Searle, Linear Models, Wiley, New York, Section 8 in Chapter 9, 1971,

See Section 8 in Chapter 10 of the reference in footnote 20,

Since each equation is estimated using a Generalized Least Squares
estimater, the standard F statistic for testing whether a structural
change has occurred is not appropriate, and no attempt has been made
to test the hypothesis formally,

We have attempted to estimate more general changes in the structure of
the demand for electricity in an earlier analysis, but the results were
not very conclusive, See the reference in footnote 12,

In the equation for olil, the substitution elasticity is larger than the
absolute magnitude of the direct elasticity, and consequently, is not
consistent with economic logic,

Estimated models in which some, but not all, prices are omitted also
give inconsistent sigans,

All of the calculatiens in this section are in real rather than logarithmic
units,
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27. The predictions are computed with a program which, for reasons of space,
does not use the data for 1964, and consequently, no results for 1964 are’
presented in this section,

28, U.S. Department of Commerce, Regional Economic Analysis Division, Bureau
of Economic Analysis, "State Projections of Income, Employment, and
pPopulation to 1990", Survey of Current Business, 54 No. 4, April 1974,

29, The following conversion rates are used:

Electricity

(Input btu/kwh generated) 10.5 x 103 btu/kwh

........ NEEGFAL Gag " o e - measured in bru - -
0il (R/C) ' 5.825 x 10° btu/barrel
011 (IND) 6,145 x 106 btu/barrel
Coal (IND) 28, 250 x 106 btu/ton
Gasoline 124,950 X 10° btu/gallon

30. Restrictions on trade would also be necessary if domestic prices are
sufficiently different from world prices,




Table A 1

Name of
variable

Residential and
Commercial

1. Electricity
2. Watural Gas
3. o1l

4, Gasoline

Industrial
1. Electricity
2. Natural Gas
3. 0il

4, Coal

General
1. Population
2, Income per capita
3, Gross Natiomal Product
4, Generation
5, Urbanization
6. Price of Automobiies
7. Wholesale Price Index

8. Consumer Price Index

&b

SQURCES OF DATA

Price a Quantity
Units Source Inits: Source—
mills/kwh 6 106kwh [
$f109 btu 3 1012btu 3
cents/gallon 3 103barre15 é%l
cents/gallon gf/ 103gallon &E/
mills/kwh 6 10%1wh 3
$/10 bty 3 101 % tu 3
cents/loabtu ;Q/ 103barrels 53/
cents/loébtu gil 103tons 1,2
Units Sourceé
10° 8
103dollafs _ 9
Index 10
10%4ceh 6
Index 11
Index 9
Index 10
Index 10

(used to deflate variables measured in dollars)

a/ Listed on the following page
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Table A 1 cont,
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U,S. Dept, of Interior, Minerals Yearbook.

U.S. Dept, of Interior, Bureau of Mines, Washington, D. C., Mineral Industry
Surveys, "Bituminous Coal and Liguite Distribution," Prepared in Division of
Fossil Fuels, 1971, 1972, 1973,

American Gas Association, Dept. of Statistics, Gas Facts.

American Petroleum Institute, Petroleum Facts and Figures,

a/ Information for Gasoline Sales was taken from data published by the API for
the years 1970-73,

b/ Gasoline Prlces wvere taken from National Petroleum News Fact Book for the

“years 1970-73, o -

¢/ Information after 1969 was taken from Bureau of Miues, Mineral Industry
Surveys, 'Shipments of Fuel 0il and Kerosine.'

U.S. Bureau of Labor Statistics, Retail Prices and Indexes of Fuels and Util-
ities.

Edison Electric Institute, Statistical Year Book of Electric Utilitv Industry.

a/ Coal includes bituminous and anthracite coal and relative small amounts of
coke, lignite and wood,

b/ 0il includes fuel oil, crude oil, and small amounts of tar and gasoline,
c/ Gas includes natural and manufactured gas and waste gas.

d/ Because these figures are unavailable we are assuming that it is the same
price as that paid by utilities, therefore we have used the same figures
as those used for utilities.

U,S, Dept. of Imterior, Bureau of Mines Washington, D, C., Mineral Industry
Sw veys, '"Natural Gas Productlon and Consumptlon 1973," Prepared in Division
of Fossil Fuels, 1974, :

U.S. Dept. of Commerce, Statisitical Abstract of the U,S.

U.S. Dept. of Commerce, Survey of Current Business

Council of Economic Advisers, Economic Report of the President

U.S, Dept. of Commerce, Census of Population
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Table A 2, THE GROUPINGS OF STATES FOR INDUSTRIAL CUSTOMERS

1. Maine, New Hampshire, Vermont, Rhode Island
2. North Dakota, South Dakota

3. Nebraska, Kansas

4., Georgia, Florida

5. Alabama, Mississippi

6. Arkansas, Louisiana, Texas, Oklahoma
7. Montana, Idaho

8., Arizona, Nevada

9, Washington, Oregon
10. Maryland, Delaware, Washington D.C.
11. North Carclina, South Carolina

12 - 33 The remaining 22 individual states,



Table A 3,

Explanatory
factor

(=

10,

11,

12,

13.

14,

Typical Error (Perceat)

al 1if 8, is the estimated gtandard error of the regre
Note that these errers apply at the level of indiv

Population

Income per capita

Gross Nationai Product

Generation

Price

Price

Price

Price

Price

Price

of electricity

of natural gas

of oil

of coal

of gasoline

of automobiles

Wholesale Price Index

Urbanization Index

Carservation Effect

Lagged .ependent

af
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THE ESTIMATED MODEL

Resident@al and Commercgial Industrial
Eleckt. Nat,Gas 0il Gasoline Elect. Kat,Gas 01l Coal
. 206 215 . 222 . 311 217 434 .359 127
(10.3) (7.0} {(2.9) (8.9) (6.3) (5.2) 1.9 {1.6)
.218 ,000 . 238 .131 ,118 ,000 - .518 L093
(7.5) {5.5%) (3.6) (1.9 3.2) (0.6)
- - - - 151 211 .000 000
{2.2) (.mn ‘

-, 197 000 ,000 - -, 145 ,038 . 000 .028
(11.8) {5.6) {0.4) (0.2)
L 000 -, 254 370 - ,036 -, 694 . 000 . 000

(8.1} (3.3) (1.3) (7.0)
L 059 . 230 -, 282 - .009 L0411 ,000 032
(1.3) 3.2) {L.8) (0.9) (1,1} (0.5)
- - - - L031 . 000 . 000 -,136
(2.0) {1.8)
- - - -, 141 - - - -
(4.4)
- - - -, 271 - - - -
(5.5)
- - - - . 185 . 000 AT1 2.01&
(1) (1.0} {3.9)
-.143 .128 -.633 =, 067 - - - -
{3,9) (1.7) (2,0) (1.3
« 060 -, 104 ,028 -, 068 -, 041 L, 000 -, 144 -, 134
{(4.9) (5.4) (0.4) {(7.6) (3.5 {0.0) {2.0) (1.7)
. 807 .792 169 . 666 776 594 .728 . 883
{61.1) (38.4) {25,0) (19.9) (34.9) (11.8) (17.7) (33.8)
2.4 5.0 26,2 2.6 3.5 15.3 25,9 25.4

gsion, this value ls equsl to [exp (83) - 1]100.
jdual states and not at the national level.




