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INTERFUEL SUBSTITUTICN IN THE CONSUVPTION OF

ENERGY IN THE UNITED STATES

Part I1I: Industrial Sector

by

Martin L. Baughman and Frederick S. Zerhoot

I. INTRODUCTION

In this paper we specify and estimate a set of dertved
demand functions for energy in the industrial sector of the Un{ted
States. United States industrial firms have historically consumed
about one third of the nstion's total gross energy. Of this total,
about 75% goes into generation of process steam or is used as direct
heat, about 10% is used in a form of electric drive or for electrolytwc
processing, another 10% is utilized as feed-stock for production of
chemica1§, asphalts, lubes, greases, and so forth. The rest is used in
other miscellaneous processes. In 1972 the market shares of alternative
energy forms consumed in the industrial sector were 45% natural gas, 25%
0il, 18.5% coal, and 11.5% electricity, whereas in 1955 the market shares
were 33% for natural gas, 22% oil, 38% coal, and 7% electricity.

It is well known that the industrial sector is made up of many
diverse manufacturing processes and, correspondingly, each form of
manufacture has quite different energy requirements. A convenient dis-
aggregation of the industrial sectors' activities 1s the C(WSNl Cof Manue




facturers two-digit Standard Industrial Classification. Figure 1 displays
the total consumption for each of the industries in the two-digit SIC
classification in 1962. The six largest energy consumars (SIC N°s, 33,
28, 29, 32, 26, 20) account for almost two thirds of the industrial
sectors' energy consumption. In Figure 2, using Census of Manufacturers
value-added data, we have computed energy intensivenass coefficients for
each of the two-digit classifications. The numbers computed are the

ratio of expenditures for energy to the total value-added in each sector.” ™ =~ ~

Figure 2 shows that, in 1962, energy made up almost 9% of value-added
in the most intensive industries (N°. 29 - Petroleum Refining and Coal
Products, and N°. 33 - Primary Metals), but only about 1% for the least
intensive categories.

Historically, the prices of alternative forms of energy have
varied significantly both from state to state as well among fuals within
a state; for example, in 1972, the average prices of gas, ¢il, coal, and
electricity consumed in the industrial sector were 52.3¢, 75.1¢,
46.8¢ and $3.67 per million BTU's, respectively. The cross-sectional
variatfon in price was from 23¢ to $1.15 per million BTU's for gas;
46¢ to $1.25 per million BTU's for o0il; 20¢ to 68¢ per million BTU's
for coal; and 94¢ to $8.34 per million BTU's for electricity.

Based upon the above, our a priori beliefs regarding the model
development were: (1) that behavior regarding fuel choice and demand
in the sixties was substantially different from that just after the
war and that of the fifties; (2) that there was not enough variation
in prices of fuels within {ndividual states over time to identify
sensible demand functions for each state, but that the cross-sectional
variation, after netting out non-price effects, would be sufficient
to trace out a set of equilibrium demand functions for each fuel;
and (3) that 1ike industry within individual states responded simt-
larly to differences in alternative cenergy prices so that demand
curves applicable to all states could be derived from variation
across states. These assumptions motivated our use of pooled cross-
sectional time-series data. Similar to previous work in the resi-



DISTRIBUTION OF INDUSTRIAL ENERGY CONSUMPTION, BY STANDARD
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dential-commercial sector‘, we have based many of our equation forms
upon the conditional logit model.

Although we assume 1ike {ndustry to behave similarly across
states, 1t is likely that different types of industry exhibit_
different price responsi;gﬁgs; because of differences in their techno-
logies. We have attempted to partially incorporate the variations in
behavior that arise from differences in the industrial mix by using
interactive variables in our formulation corresponding to fractions of
total value-added in each state accounted for by various industry
groupings. Some equation forms are reported in footnotes that are
specified in this interactive variable formulation. Unfortunately,
most 1ikely due to data aggregation problems, we were not able to con-
sistently estimate preferences for fuels among the groupings used.
Ideally, we should have liked to have used data by year, by state,
by industry group, i.e., fuel prices and censumption and level of
economic activity' (€.g. value-added) data at the twe-digit SIC level.
However, no set of data exhaustive of industry groupings exist by state
for even one year from any source, including the U.S. Census of Fanu-
facturers publicationsz.

One problem, however, that exists ir the industrial sector
but does not in the residential-cormercial sector, is that energy
prices may be an important factor in {ndustry's locational decisions.
These locational decisions have been incorporated into a three-level
decision model presented here. A further problem was the concern
that shortages of natural gas, especially in the time period from

1969-1972, would gias the estimates of price responsiveness in the

~ various equations®. To circumvent this problem, and at the same time

Ysee Refs. [1], [2].

2 .
See Ref. [3]. Erickson & Spann estimate.demand equations for

selected two-digit SIC codes for ore year of cross-sections
selectcd because the data is not available for all of them.

3Ref. [4] gives a more complete description of the shortages

that existed over this time period.



to measure its effect, all equations are estimated and reported
over two time periods; from 1962-1967, a period predating the

gas shortages and from 1568-1972, the period in which supply inter-
ruptions took place. Interestingly enough, we found that the main
difference between the two time periods estimates was not in the
magnitude of the long run response, but in the short run response
to changing prices -- or alternatively, the time required for long
run adjustment. Due to the wide cross-sectional variations in

fuel prices compared to the relatively small impact that gas shortages
had on total consumption patterns, even including the period up to
1972, it is not difficult to see why the long-run cross-sectional.
effects are nearly equal over the two time periods. For reasons

to be explained later, we have used the equations estimated over
the second half of the time period for the simulations reported in
section III.

In the construction of the data base for the equations
estimated and reported, our intention has been to account for as much
of the energy consumption by industry as possible. We chose to use
energy data disaggregated by state, which is the most disaggregated
form we could find that would exhaust the consumption of the U.S. This
data included fuel consumption for process heat and motive power uses
but neglects petrochemical uses. Petrochemical uses, for the most part,
are dependent upon specific enerqy or chemical forms and therefore are
not readily substitutable. S5 as not to bias the estimates of price
responsiveness for the other more substitutable end-use categories,
we have intentionally excluded energy used as feed-stocks from our
data base. A detailed description of the data and sources used for
these enalyses is given in the Appendix. With one exception, the
data base {s similar to that used by the Federal Energy Administration
in the development of the industrial demand functions in the Project
Independence analyses and reported in the Project Independence Blueprint
[5]. The exception is that we have excluded feedstocks.




In the following sections we report the model that has been
developed and utilized for these analyses. The discussion proceeds
{n the following way. First the overall cpecification of the model
{s presented in §ection II. lext, the applied estimation techniques
and estimated results are discussed for each of the three parts of
the model. Finally, in section III, sample simulations are repcrted
and compared to recent Federal Energy Administration forecasts.



II. THE MODEL

Discussions regarding energy consumption for individual industrial
decision makers can be separated into an interrelated three step process.
First, in the production of output in the various industrial sectors there
exists the potential for substitution between energy and non-energy
factor inputs (capital, labor, materials, etc.). Given a price of energy,
one would expect individual decision makers to choose a mix of energy and
non-energy inputs that would minimize the cost of production. The energy
requirements would, consequently, depend on the cost of energy relative
to the costs of other factor inputs and the total output of goods and
services .

A second but related level of decision making is the choice of
location geographically within the United States. This locational de-
cision is affected by the cost and availability of the various factor
{nputs used for production. Due to the cross-sectional variation in these
quantities, the energy consumption practices of industry are very lo-
cationally dependent.

The third and final related decision is the choice of energy form
(coal, oil, natural gas, or electricity) to be used. Here again, one
would expect a "cost minimization" to take place, with the fuel form
that is perceived to exhibit the lowest discounted cépital and operation
costs chosen to meet the energy input requirements.

The model we have selected to describa the behavior of industrial
energy consumption is designed to separate out and capture the simultaneous
interaction of the three decisions. Our first equation-relates total
energy requirements for the industrial sector, at an aggregated level, to
the price of energy and to value added in manufacturing, the measure of ®
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economic activity used4. The second set of equations attempts to
explain the influence of cross-sectional variation in various factor
inputs, specifically, the cost of energy, on where energy is con-
sumed. The final set of equations incorporates the substitution
possibilities between alternative fuel forms in response to

changing prices. Figure 3 depicts the three level decision model
used for these aralyses. The following three sections cescribe

the specification and estimation of each of these three components.

AGGREGATE UNITED STATES
ENERGY
CONSUMPTION

|

LOCATIONAL
DECISIONS

l

HITHIN STATE
FUEL-DECISIONS

FIGURE 3

; 4&dea]1y the derived demand for energy chould be a function of enerqgy

© prices, output, wages, and the cost of capitalservices. Me have atterpted
to include wage rates in the estirating equations, but this
series 1s highly correlated with the price of energy, making the
identification of individual coefficients impossibie. We are cons-
tructing a cost of capital series using the Hall-Jorgenson [ 6]
approach which we plan to include in future estimating equations.



-10-

IT.1 TOTAL U.S. ENERGY DEMAND IN THE INDUSTRIAL SECTOR

The first equation of the three-level decision process deals
with total industrial energy input demand for the sgoregate United
States. In this part of the model, the intent is both to incorporate
the energy/ncn-energy substitution possibilities that exist in the
aggrecate industrial production function cf the U.S. and to capture
the scale effect (i.e. the amount of enercy requirements as a function
of both its price respcnsiveness and industrial activity). In this
regard, our relationship is similar in intent to that of Jorgenson [7]
and Hnyilicza [8], althouch it does not spzn the entire mix of factor
input alternatives as is done in these works. This equation has
been estimated using aggregate time series data. Wkhile cross-sectional
data exist, the direct estimation of demand functions using such data
presents certain important problems. The veriation in energy consumpticn
across states for particular industries reflects both pure substitution
effects as well as locational effects across the states. Our aim here
is to disentangle these effects.

The independent variables used to explain industrial energy
demand are the average pm’ce5 to the industrial sector and value-added
in the manufacturing sectors.

In mathematical terms, the equation used is

(1) TIE = f(VAM, PAVE)

where

See the appendix for a discussion of the derivation of average price.

6 "Manufacturing sector" is to be distinguished from "Industrial sector"
since it is known that our price and cenzuprntion figures include such
industry as mining, construction and agriculture, but that our value-
added totals donot include these, since their value-added figures
are avallable only sporadicaily.
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TIE = total industrial energy consumption in the U.S. (BTU's)
VAM = value-adced in manufacturing (167 constant dollars)
PAVE = average price of eneray consumed in the U.S. in the

industrial sector (1667 constant dollars).

A priori, one would not expect lagged adjustments in energy consumptiion
to changes in value-added because sudden increases or decreases in
producticn would be refiectediimmediate1y {n energy utilization
patterns. One would nevertheless expect a lagged response to changes
in energy price since the purchase and disposal of plants and méch1neny
to accomnodate different levels of enezrgy input per unit of output {s
not a short term phenomenon.

Three basic types of lagged response vere estimated. In the
first case, the prices were entered in an ordinary distributed lag form.
However, cue to the high degree of multicollinearity cmong the lagged
prices, the results were unzcceptzble. Since an Almon lag 5peq§fic;tion _
would only worsen the multicollinearity prbb1em, a geomatrically
declining lagged response was imposed on the price term with a Koyck-
lag. In this case the equation is structured so that the {nfluence
of changes in value-added are immediate in their effects on con-
sumption, but adjustments to changes in price are geometrically
distributed over time. The estimated results wera:

. __
Log(TIE) = A + B * Log(PAVEL + € * [(Log(vef - D * Log (17 )t1] 4

+#D * Log (T1E )]

RANGE = 1948 to 1972  CRSQ = . 974 DW= 1.83 F(3/21) = 292.690

COEF VALUE T-STAT
A 14.1 2.34
B -.154 -1.04
¢ .628 13.6
D 0.218 1.00
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The estimated roefficient of the lagged dependent variable in this

case is very small. A value of .218 implies an adjustment time of
considerably less than two years, and in addition, it is not significént
(t-statistic= 1.0). The price coefficient (also lacking significance)
implies a long run elasticity of about -0.2, The results of this
equation seem to indicate a lack cf lagged response, so our only
alternative was to estimate an equation without any imposed lagged

structure.

The third form estimated, therefore, assumes no lagged adjustment
processes, Since with ordinary least squares estimatfon the presence
of first order serial correlation was detected, the results, presented
in Figure 4, have been estimated with a technique that nets out a first-
order autoregressive process7. Both Durbin-tatson statist{cs indicate
that at the 5% level the serial correlction formeriy present has been

removed.

The results are reported for two time periods, 1950-1967,
and 1950-1972, so that we can test to see if natural gas shortages
are biasing the estimates in the longer timz interval. The results
{ndiccte there is little difference in the estimates between the two
time periods. The estimated price elasticity is about -0.25, the
estimated value-added elasticity is about +0.65, and the coefficient
of price is still not significant at the 5% level for either equation.

At this point, we are faced with the procpect of either
utilizing this result even though price is not statistically signi-
ficant, or dropping price out of the equation and concluding that
the price elasticity in the industrial sector is zero. Either way,
the price elasticity of total industrial energy Jemand is very small.

7The technique was based on an iterative search procedure for the
serial correlation coefficient that minimized the sum of squared
residuals. See reference [9] for a more ccmpiete description.
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ESTIMATION RESULTS FOR

TOTAL U.S. IKCUSTRIAL EFNERGY DENAND

1950 - 1972

Log TIE = 15.70 - 0.219 Log (PAVE) + 0.688 Log (VAM)
(4.48) (-1.13) (16.05)

RZ = 0.953  F= 204 DW = 1.88

1950 - 1967

Log TIE = 15.78 - 0.280 Log (PAYE) + 0.652 Log (VAM)
(4.90) (-1.51) (17.32)

RC = 0.965  F = 207 DW = 1.96

TIE = Total U.S. energy consumption for 1 .ustrial sector
(less petrochemical uses)

PAVE= Deflated average price of fuels consumed

VAM = Deflated value-adced in Manufacturing

FIGURE 4
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11.2 LOCATIONAL EFFECTS

The second set of equations of our industrial energy demand
model deals with where energy is consumed among the individual states,
and implicitly deals with industrial decisicns to move to or remain
in a particular state. The output of this part of the model is the
fraction of total U.S. industrial energy demand that each state
comprises,

The United States is broken down into forty-nine locations for
this analysis -- D. C. and all the states except Alaska and Hawaiis.
We use a logit formulation to relate the cross-sectional configuration
of energy consumption to industry's preference for various state-
specific attributes. (For a further discussion of the theory and
properties of the conditfonal logit model, see reference [2 ]). The
energy consumption (E) for state i at time t can then be written as:

. 1(;")
(2) E,°= e * TIE
i 49 t
FR{
i=1

where

TIE is the total U.S. industrial encrgy consumption
E {s the total demand for energy
X 1s a vector of state-specific attributes and
I(Xit) is the choice index for state i. '

SAlaska and Hawaii are excluded from the sample because data for
the total demand equation excluded them.
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a

If we divide both sides of (1) by TIE, we obtain a more con-

ventional share formulation:

1(%;%)
t _ e
z i
i=1 ©
~ where
E t
t i |
Fy = 71g_ - fraction of total U.S. industrial energy

consumption in state i at time t.

and where, by definition,

() 3 FF=1.0
i)

It is this specification (3(a) + 3(b)) that we use for this part of
the model.

There are many properties that can be considered as state
specific attributes (Xit). An industry locates in a particular state
because of low fuel prices, cheap raw materials, ease of transportation,
proximity to related industry, the availability and costs of labor,
etc. The selection of appropriate state attributes is complicated at
first by the fact that many possible regressors are more the result
than the cause of industry's location. For instance, value-added in
manufacturing and the number of manufacturing employees measure industrial
activity already in a given state, but these variables are not really
a measure of the inherent attractiveness of a state for industrial
location. ‘hat is desired for this part of the model are variables
that are state specific and unambiguously descriptive of those charac-
teristics an industrial customer would consider in a locational decision.
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For testing the locational hypothcsts, two ragressors were
chosen. The first {s a weightcd fuel price for ccoch state (cons-
tructed by weighting each fuel price by its market share {n the
state) and the secend is the populaticn of the stzte (chosen for
its indication of the size of the potential labor force). The
first is a measure of the cost of energy inputs, the second is a
measure of the availabilify of labor inputs. ("Pocpulation” is
preTerred here to "number of manufacturing employvees" tecause it
is only indirectly connected with the preductien of manufacturing

goods and the amount of industry already in existence9 ). Though the
cost of capital services in any state is relevant to industry's
production decisions, it was not felt that the cost would vary
significently frem stute to state or would thus influence industry's
geographical movements,

Though industry might decide to locate in a particular state
on the basis of the state's current price and populatien, 1t does
take time for industry to mzke a move and re-cstablish its energy
concumption trends. To account for this we utilize a partial
adjustment model, {.e., we assume thzt the change in state fuel
shares is proporticnal to the differance between existing shares
and those desired. If t!2 desired state shares at time “t" are
desicnated es Fi.t* (where the desired values are a function of the
current period price and populaticn configuration only) then the

adjustments are moceled to take place according to the follcwing
equation:

F F Fyy
i (phby Cgp ottty b P Fi,t-'l—l
CER N R el

with X being the proportionality constint. If vi@ assume that the

9 The population varieble coes have other problexs, huwever, nimely,
that people will be attracted to the location of industry,
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choice index for state "i" can be written as:

0r,f) = B¢ Log (psit) +C * Log (PoP, ")
where

PS1t is the weighted average price for each state i at

time t.

t

PoPi is the popu1ation of state { at time t.

then the log-odds form of equation (3a) can be ¥ritten as:

t t

(FE/FE) =B % Log (ol) ¢ * Log (b +
4a) Log (F.t/F.%) = 0 * og
(a) tog {75 7/F ? st Po,©
3 J
t-1
+D * Log (Fif:TJ‘
J

In the presence of serial correlation, ordinary least squares
estimation of (4a) will yield inconsistent esimates because of the
presence of a lagged dependent variable appearing on the right hand
side of the equation. Additional problems may arise because of the
use of cross-sectional data where there are differences among states.
Perhaps the best way of handling this problem is to use the error-
components technique of Balestra and Nerlove 10, An alternative

10see Reference [10]. Estimation with § or 6 years of data
(1962-1967, 19€8-1972) leaves only 4 or 5 observations
with which to estimate a serial correlation coefficient for
each state with the Balestra and Herlove technique.

It was felt that, with so few tima observations, the error-

components technique of Ealestra and llerlove might even yield
estimates worse than OLS.
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technique for obtaining consistent estimates is to use an instru-
mental variable estimating technique in combination with separate
dummy variablecs for each state. However, because of the small re-
lative movements in actual state chares over the period of our”
data, the inclusion of state cummy varizbles merely explains with
a set of constants the state fractions. For this reason we did not
use the separate state dummies. e have, howaver, applied a two-
stage least-squares estimating technigue to cbtain consistent
estimates. le have also utilized a weighting procedure to ronove
heteroscedasticity bias.

The heteroscedasticity adjustment is nccessary because, if one

T e e ——

assumes that the consurption of fuel in any state is proportional to
the numtcr of individual decisions made in favor of that state, then the
variance of the observed mean frequency (stata share in this context),
is proportional to the reciprecal of the number of decisions made. To
assure that the residual error terms of the estimated equations have
constant variance, each observation has to be multiplied by_the square
root of the number of decisions included {n the observation . For
this case this number is proportionsl to tha sguare root of the sua

of the consumption of the tuo states in each of the log-odds ratios.
This weighiing procedure was used throughout in the estimation of

the stciz-gplit equations as well as in the similarly formuleted set
of fuel-split equations described in the nex* section.

The sample pericd for thec estimates are 1962-1957 and
1968-1872. A priori, one would expect the coefficient of price to
be negative, the coefficient of population to be positive, and the
coefficient of the lagged deperident variable to be'positive and
somewhere between 0.9 and 1.0, due to the tims required for locational
adjustment. The estimated results for both time periods are presented

Msee Reference [11], pp. 174-177
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in Figure 512,

The major difference in the cstimates over the two time periods
is the size of the ceefficient of the lagged dependent variable,
or, since the size of this variable determines the time required for
adjustment, the length of the adjustment process. The time required-
for 90% adjustment in equation (5a) is 26 yeers, while in (5b) it
s well over 50 years! Apparently over the 6 year period'1952-1967
there was so little change in the geographic patterns of energy con-
sumption that the changes and the motivating influenccs were, for
all practicel purposes, inestimable. By the late sixties and.early
seventies, however, it {s a fact thut there was more mcvement in
energy prices (in rcal terms) than in any comparable peried for the
previous twenty years. For this reason, we feel the estimates for
the period 1968- 1972 to be nore reliable.

Since the long run price elasticity for both equations is
quite high, with a value of -2.0 in equation (5a) and -2.5 in equation
(5b) the question is not, what is the magnitude of tha long run res-
ponse (in both cases it is high), but rather, how long is long run.
A priori, 25 years seems much rore reasonable in this context.

Zpnotiér form of equation (4a) was also estimated. Here we tested
vhether the costs of lubor (measured using average wage rates of
manufecturing employees) play a sienificant role in the locational
decision. The estimated results (with Hi signifying wage rates in
state i) were:

L P, PoP, W P, 1)
log (FEQ =B * Log (FSEQ +C * Log (FEF}) +D * Log (EEQ + E *Log [;7T:T)]
J

COEFFICIENT | T-STAT

B -0.167 -5.19

C 0.051 3.15

D 0.042 0.63

E 0.916 49.9

RZ = 083  F = 4574  RANGE = 1968-1972

The coefficient of wages is insienificantly different from zero,
and thus, the hypothesis cculd rot Le accepted,
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STATE ALLCCATICN EQUATION

s e e e o 4 e

1968 - 1972

EQUATION (5a)

¢l

F1 PS1 PoPi F1
Log () =0.17 Log (jz—) + 0.054 Log (17=) + 0.516 Log (— ;)
J J J Fj
(-5.18) (3.44) (49.9)
R% = 0.983 F= 240
1962 - 1967
EQUATION (5b)
Fy PS, PoP, A
Log (=1) =~0.034 Log (set) + 0.013 Log (s—-1) + 0.987 Log (—, )
F. FS, Poi t-1
J J ] J FJ
(-1.40) (1.06) (72.9)
2
R® = .994 F = 20,800

where:

PSi is the weighted average price for each state i.

PoPi is the population of state i.

t-1 superscript indicates a one period lag.
i and j subscripts denote the 1th and jth states

FIGURE 5
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Even though this elasticity {s quite hich, {t is not inconsistent
with historical trends in incdustriel dzvelopment. Figure 6 displays
a plot of actual vs., fitted results for 1972, and there 1t can be seen
that just nine states have'significantly greater than 2% of total
U.S. consumption, and that Texas, the stete historically with the Jowest
energy prices, comprises by itself about 18% of total U.S. consumption.
With the recent reordering in cross-sectional energy cests, these
results have most important implications for future gezographical patterns
of industrial development.
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I1.3 FUEL CHOJCE DECISIGNS

The third and final set of equations of the model are the
fuel choice relaticnships. Total demand for industrial energy,
having been determined for the country and distributed emong the
states, is now split by fuel within the states. As in our previous
vork in the residential-commercial secter, the conditional logit
formulation of fuel choice is used.

The main explanatory variables used in this part of the model
are the four fuel prices. ie would have liked to have also included
the cost of different fuel consuming equipwent; however, the information
needed to construct a serics of this nature was unavailable!3,

- 8imilar to the formulation discusszd in the previcus section,
the basic model for the fuel split relaticnships in tha log-odds form
can be written as:

/ S:t S,t S,f-]
S S
PG
log (&) = A, + B*log (57) + C*log (2)
Se 1 °9 . Se
S S!t S,t S s.t‘]
log (33) =A2+B*1og (;-gr +C* .3 (3.9.)
(6a) e ' e
S Slt S,t s s.t-‘
o - - PC * ¢
log (g—) = Az + B*1log (p“t_') + C*log (-S—)
. s

131t {s unlikely that thece values are corvelzted with other incluced
independent variables so that the micsrzcification sheuld not result
in biased estimates. It is also unlik2ly that there is very much
cross-sectional variation in these capital costs.
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Sgs’t = Market share of gas in state s at time <.

So = Market share of oil.

SC = Market share of coal.

Se = Market share of electricity.

PG = Price of gas.

PO = Price of oil.

PC = Price of coal.

PE = Price of electricity.

A1 - A3, B, and C = estimated coefficients

where zgain, &s indicated by the lacged dependent variables in
equaticn (€a), we assume a partial adjustment model.

Equations (6a) and (€b) were estimated with the came techniques
used for the stete-split equaticns. Like the state-split equations,
where the coca{ficients of like attributes were constrained to be the
seme over 211 states, in the fuel equations the coefficients of the
fuel attributes (prices) are constraired to be the same over all
fuels. Unlike the stote-split equations, howeaver, we use a different
constant term for each fuel to capture unspecified differences in
technique attributes, such as differences in capital costs, clean-
liness, etc]4.

The estimation results for equation (6a) are presented in

MSee Ref. [2] for further discussion of these autonomous

"technique specific" effects.
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Figure 715’16. The price term is significant pf the 1% level in both

]sAttempts have bzen made to separate the responciveness to fuel price

in the various types of industries. This wes cone by multiplying
the various constent torms and prices ty two iractions sunming to
one -- one for the efcnt most eneray-intcnsive inductries of Figure
1 and one for all the rast, constructed by teking the ratio cf the
value-addzd for two colicctively exihaustive ¢reuns of th2 two-~digit
SIC breckdeown witch total value-added in the munufacturing cector.
The results were:

VARIABLE . COEFFICIENT (T-Stzt) COEFFICIENT (T-Stat) !
Intensive Secters t Nen-Intensive Sectors
Gas-Elec. Censtant -0.02 5—0.98 -0.65 -3.72)
01i1-Elec. Constant 0.01 0.04 -0.85 -5.60‘
Coal-Elec. Constant -0.3% (-1.34 -0.91 -5-92
Price [Tog(P;/P;)] -0.26 (-1.99) -0.43 -5.30)
Laggad Dependent Variable 0.83 (54.97)
RANGE = 1968 - 1972 R2 = 0,958 F(8/726) = 2813

- The results yicld about 80% highar elosticity o7 cubstitution for
the non-cricrev intenziva dncustry grevring thon for the enerqy-
intCnsive 1ncusurice.,  ruis indicates trut the eacrey=-intensive
{ndustries are probebly more locked into spacivic fuol forms Yor
their piocessing needs.

== ST T T ETIT E =T . =r3. > S ST X

1GAnothcr specification vhich allowed for differ~-t price respoasiveness
for ezch Tuel form was aiso estimated. This was done because, in
reality, we know that tha fuels, since thay are not perfect substitutes
do not nccessariiy pessess the came elasticity of substitution es the
conditicnal lecgit formulation in the text wssumes. The estimation vas
done by allowing the coefficient of each price term in equation (6&)
to be difTerent. The estimated resulis were:

VARIZZLE COEFFICIENT (T-Stat)
Gzs-Electricity Constant =1t -1.95
0i1-Electricity Constant 3.52 1.49
Coal-Electricity Constant -3.10 -1.54

Gas Price -0.38 -7.55
0il1 Price -0.02 -0.14
Coal Price -0.47 -3.42
Electricity Price 0.30 6.19
Lagged Dependent Vurizola 0.83 (05.4)
RANGE = 1968 - 1972 R% = .c68  F(7/727) = 3184,
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ESTIMATION RESULTS, FUEL-SPLIT RELATIONSHIPS

| |

1968 - 1972 - S

COEFFICIENT VALUE T-STAI
A, -0.357 -4.89
A, -0.489 -7.14
Ay -0.650 -7.93
B -0.323 -8.03
c +0.844 59.9

R = 0,968 F = 5530,

1962 - 1967
A, -0.043 -1.10
A, -0.160 -4.52
A -0.143 ~3.00
8 -0.083 ~2.66
c +0.94 92.1

R% = 0.982 F = 10,100

FIGURE 7

COEFFICITHTS DCFINED IN FCUATION (6a)
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equations. Again, the major difference between the two periods’
estimates is the coefficient of the lagucd dapendont variable.

~ The period 1628-1972 (as in the state-splits) again ylclds. higher
short-run elasticities and sherter adjustmznt times. For 1968-1972
the cstimeted time recuired for 907 adjustment is abcut 14 years,
whercas for the period 1962-1967 the implied cdjustment time is over
30 years. Based upon priors, 14 yerrs seems tc bz more realistic,
espec{ally ncw that fuel prices have seen zbrupt change in recent
months. |

The values of the constant terms indicate that, aside from price,
the industrial sactor prefers first electricity, secondly gas, then
oil and finally coal. If all fuel prices wvere set equal, the mix of
industrial fuels concumzd would tend teoward mariket shares of 35% elec-
tricity, 25% gus, 21% o0il and 18% coal.

The leng-run elasticity of substitution cetueen the fuels is
estimated to be about -2.0 for 15G6£-1972 and -1.7 for 1962-1967.
Both values are quite large. Int-restingly enough, the earlier
period cxhibits the lower elasticity, counter to what you would
expect 1f gas shortegss removed price as en effective dacisicn ins-
trunent.

To better shcw the impertance of prices, Figurc 8 displays the
average price elasticitv matrix of ~~rikot chares!? £or both the short

énd long run calculaied frem the 1858-1872 cstimates. The cross-

terms indicate that consunption “switched" in racpense to & change ‘n

a given fuel's price is switchad to the altcrnative fuels 4n proportion
to their already existing market shares (hence, equality of the off-
diagonal terms in each column). For compariscn 40 cur results in the
residential-commercial sector, Figure 8 also shows the equivalent

]7The market share elasticities should not bte confused with the
elasticities of c¢orand for cach of the fucls. One has to account

for locational and iotal seCtor Trice evy.cis bofore we have a true
demand elasticity {or any given “uel. In the next section the entire

model is used to derive a set of fuel c¢lacticities.
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lTong run matrix for that sector.

Finally, it should be noted that the matrices displayed in
Figure 8 are average U.S. elasticities, derived using U.S. market
shares. In reality the elasticities vary from state to state. Tec
compute them for any state one need only use the appropriate state
market shares. To give an indication of the variation of market
shares and at the same time to illustrate the guality of the estimated
relationships, Ficures 9-12 shew plots of the actual vs. fitted market
shares on a state by state basis for 1972,
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AVERAGE MARKET SHARE ELASTICITIES

IN THE TRDUSTRIAL SECTCR

0O

Short-Run (S R)
Long-Run (L R)
Py Py | P Py
SR k -0.16 0.04 0.07 .04
E (-1.02) (0.26) (0.45)  (0.26)
0.17 -.28 0.07 .04
LR o (1.0%)  (-1.79)  (0.45) (-.26)
0.17 0.04  -0.25 .04
LR f (1.09) (0.26) (-1.60)  (0.26)
0.17 0.04 0.07 -.28
LR : (1.09) (0.26) (0.45)  (-1.79)

RESINTNTIAL rnd (01 'ERCIAL

Py Py Pe
L R -.545 187 194
L R .555  -0.390 194
LR 555 .187 -.755

FIGURE

8
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ITI. ARALYSTS HITH THE MODEL

In the previous sections we have described our medel for
industrial energy and fuel demands. In this section the mocel is
utilized to cempute'a matrix of fuel demand elasticities and to
project the future cdemand for fuels in the industrial sector from now
to the year 1985 for a set of alternative aséumptions about future
fuel prices. -

The Elasticities

Recall that the model incorporates equaticns for thrce simultancous
decisfons. The first is an equation for total energy demand (excluding
feedstocks) of the industrial sector in the U.S. The second is a set
of equations uvsed to derive the cross-cectional energy censuuption
patterns by state. The final equation is uscd to derive demands
for each of the four specific energy forms in each state. Since all
levels of the model sinultanecusly utilize information on fuel prices
(directly in the fuel-splits, indirectly through waighting in the
state-split and total energy demend equations) it is difficult to compute
analytically 211 the elasticities discussed in section II and obtain
a set of pricc-elasticities for each of the fuels in the model. They
can be easily obtained, however, through sirmulation.

Figure 13 presents thc short-run (cre-year) and iong-run
elasticities for each form of eneroy included in the model. These
have been derived via simulation by altering indivicually the prices
of each energy form (by 5%), and then usirng the simulated resulis
one year and twenty years after the change to Ccmpute the relevant
fuel price elasticities. This wes done cround a trajectery of prices
corresponding to those used by the F.E.A. for their $7/Bb1. &nalyscs
(See Ref. [5], pg. 69). The results irdicate that the long-run self-



=35

SutApy FUFL FYASTICITIES
TR e AR e TR SR

ITNDUSTRIAL"
ﬁ P ,PO _ Pe . ___PF e
SR | -.07 .01 .03 .01
G A S
LR -8 .14 .34 .15
I |
SR .06 -1 .03 .01
0 I L
LR .75 -1.32 .34 14
SR | .06 .01 -.1 .01
ELECTRICITY
LR .73 .13 -1.28 .14
SR .06 ) .03 .-."10
C0AL
LR .75 14 .33 -1.14

FIGURE 13
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elasticities of demand vary frem -.81 to -1.32. The highest value
corresponds’to oil at 1.32, followed very closely by electricity at
-1.28, coal at -1.14, and the lowest value for gas at -.81, The
long-run cross-elasticities vary from + 0.13 to 0.75.

The highest cross-elasticity exists for ch:ﬁges in natural gas
price and the lowest for changes in oil prices, ecxactly the obposite of
the relative magnitudes for the self-elasticities. This {is due to the
present configuration of fuels consumption in this sector in combination
with the relztive total demand and substitution elasticities that were
estimated in the previocus section. In Section II, the elasticity ef
total U.S. industrial energy demand was estimated to have a vaiue of
-0.2, while the substitution elasticity between fuels was estimated
to have a value of about -2.0. Conéequent]y, with a chzange in a.given
fuel's price, the relative substitution, or fuel-switching, response
{s about 10 times as large as the total demand for energy response in
this.sector. If a fuel comprises a large pzicentage of the market,
then a change in consumption of that fuel, when distributed to the
remaining fuel cctegories, represents a high percentage change in the
consumption of those alternative fuels. In 1972, natural ges represented
over 50¢ of the enzrgy consumption in the industrial sector. Due to
this configuration the cross-elasticities for natural gas are much
higher than for the alternative fuels. Similar reasoning explains the
relatively lower self-elasticity ¢f natural gas. In all cases, the
short-run elasticities are sbout one-twelfth of the long run, indicating
a 12 year adjustment time,

To fully appreciate these numberrs, however, one must realize
that they are applicable only to the nation as a whole. In actual
fact each state has a different set of elasticities that are a function
of the presently existing market shares of ecach fuel and the relative
fuel prices. Our model implicitly incorporates these differences in
the simulation mode. Figure 13 exhibits only the naticnal responses.
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* THE SIMULATIONS

he report three simulations of the model cerresponding to three
possible future st-tes of the world., The first two cases to be presenied

are dircetly comnurable 1n assumotions to two caces rcported in tpe
Project Indzpencence Report [5] by the Federal Znergy hdainistration.
The final case presented is an extrapolation of fuel costs beyond
1972 threugh 1985 assuming that the sharp rise in fuel prices
accempinying the Arab 011 Embargo did nct occur. In all cases it

s assumaed that real value-added grews at 3.7% per year and popu-
lation grows at 1.02% per ycar in all states.

The fuel prices used in these simulaticns are given {n Figure
14, The fossil fuel prices for Case I and II correspend to those
reported in the Froject Independence Repert (ref. [5 ], pp.69 ).
for $7 and $11 per barrel oil in the "Business ¢s Usual" scenarios.
The electricity prices were cemputed frem a model of electricity
supply and demand, constructed end reperiod elsswhere18, for the fossil

guraticn of Case I. For Case 11l we assume 0.P.E.C.

never care into existence and that after 1972 the costs of fossil fuels
increascd at a resl rate of 2% per year. The electricity prices were

fuel price confi

obteined frem the same electricity medel using the assumptions about
fossil fuel costs for this case. '

For simulation purposes, the average wholesale prices are
used as indices to obtain price movements for each state at the point
of consunption. The refining, transportation, cnd distribution mark-
ups are assumed to remain constant in real terms over the period,

The simulation results for the entire U.S. are presented in
Figure 15, with the actual 1972 consumption figures and the fcrecasts
for the $7 and $11 per barrel caces (Cases I and II) derived by the

Bsee Reference [12].
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REAL PRICES (1974 dollars) USED FOR SI'“ILATIONS

o, =

CASE 1 - F.E.A. $11 por burrel
i 011 Price natural Gas Coal Price | Electricity
l Price Price
($/5b1) (e/i'CF) ($/ten) (¢/Kuhr.)
) 1975 ! 6.70 64.2 10.44 2.39
1680 l 10.34 64.2 10.44 2.46
1985 “ 10.86 64.2 10.44 2.27
CASE IT - F.E.A. $7 per Barrel
1975 5.50 64.2 10.44 2.39
1980 i 7.00 64.2 10.44 2.46
1935 | 7.00 64.2 10.44 2.27
CASE IIT - lo 0.P.E.C. (2% mer yoar real increace)
1975 4,16 62.4 7.80 1.96
1980 4,59 68.9 8.62 1.99
1985 5,07 76.1 9,52 1.87
FIGURE 14

0i1 1s averzge price &t the wellhead

Gas is average price at the wellhead

Coal is average price at the minemouth

Electricity is average price per kilowatt-hour consumed
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F.E.A. The F.E.A.'s forecasts are an interesting comparison because
they vare derived frem & model simflar in°construction,

Several things should be noted zbout lhe corparison between
our model and the F.E.A.'s, however, befcre discussing the numerigal
results. The F.E.A. uses Bureau of Mines (B.0.M.) acccunts for de-
termination of ccnsumpticn in the industrial sector. The main dif-
ference is that feedstocks, or raw material uses, have been excluded
from our data, but are included in the B.0.M.'s data and the F.E.A.'s
model. Petroleum for raw material use was 3.4 quadrillion BTU's (quads)
{n 1972. This accounts for the disparity betiween the B.0.M.'s and our
011 consumption data §a 1972 shown in Figure 15. Also, the furzay of
Mines reports electricity consumption in 1872 as 2.5 quadrillion
BTU's, compared to 2.2 for us. The reason for this disparity is
unclear tecause the Bureau of Mines indicates that it uses Edison
Electric Institute salas dcta to derive their number and we use
the sem2. Apparentiy the Eurcau of Mines must include some losses
in their sales to arrive at the 2.5 gquadrillions. A further dis-
parity also exists in cocal. Part of this difference again is that
the Burcau of Mines, and thus the F.E.A., includes coal for raw
material uses in its deta (ebout 0.1 quads); but the major difference
is accounted for by the BTU's conversion factors used to derive
the numbers in Figure 15 from actual sales units (in tons). \Vhereas
the B.0.M.'s uses about 26.8 million BTU's per tcn for industrial

coal, we use the electric utility conversion facters which averzge
about 22 million BTU's per ton. Conseauentlv, 2il our coal ruwhbers

need to be multinlied by 1.22 to be ccmnarable to the F.E.A.'s.,
Finally, our gas consumption number is slightly higher than the
F.E.A.'s in 1972, This is because we include "lease and plant fuel"
in the induétria] consumpticn categery, while this has been excluded
by the F.E.A.
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U. S, SIMULATION ResulTs’
Quadrillions of BTU's
Industrial Sector

TOTAL | GAS | QiL | ELECTRICITY | COAL
1972 Acteal (FLE.AL) - | 23.0 | 106 5.7 2.5 4.3
Actual (Our Medel) [ 197 | 11.8] 21 2.2 2.5
1875 CASC I (Cur Model) | 2.6 | 11.8 1 2.0 2 2.3
CASE I (Our Model) [ 18.7 | 1.7 | 2.1 2.3
CASE TIT (Our Model) | 19.1 | 11.6 | 2.3 2 2.6
1860 CASE T (F.E.A.) 26.0 | 10.1 | 6.6 3.3 5.9
CASE I (Our Model) | 20.0 | 13.0] 1.4 3.4 2.3
C/SE 1T (F.E.A.) 27.4 9.8 | 7.8 3.7 6.0
CASE TT  (Our Model) | 20.3 | 12.7 1 2.0 3.3 2.3
CASE IIT (Our Model) | 20.4 | 11.4 | 2.9 3.4 2.7
185 CASE T (F.E.A.) 2.7 | 10.5] 7.4 4.1 6.7
CASE T (Qur Model) | 22.3 | 1201 1. 4.4 2.7
CASE 1T (F.E.A.) 30.6 0.7 1 9.3 4.6 6.9
CASE 11 (0ur Moc2l) | 22,6 | 13.7 ] 2.0 4.2 2.6
CASE 11T (Qur Model) | 22.2 | 11.3 ] 3.4 4.5 3.1
FIGURE 15
CASE I = $11/Bbl. CASE 1I = $7/Bb1. CASE III = No 0.P.E.C.

*EEA results from tebles AIL-14, and AII-16, pps. 75 and 77,
reference [5].




-41-

Analysis of the trends in future fuel consumption patterns
derived from the two mcdels for Cases I and II (using the same
price scenarios)reveals four interesting divergences:

].

Our projected’gas consumption increases by about 20%
from 1972 to 1985 for the price scenarios used, but
the F.E.A.'s gas consumption projections decrease
for the same price scenarios.

Our projected oil consumpticn decreases by 198% to-
about 50% of 1972 for $11 per barrel oil and remains
essentially constant for $7 per barrel oil, but the
F.E.A. projects a 30% incrcase for $11 per barrel and

a 60% increase for $7 per barrel oil. (The major reascn
for this is cur exclusicn of fecdstocks. More wiil

be said of this shortly).

Qur projccted coal conmsumption dzzra2acses by about 25%

by 1885 for the price sccnarios used, vaile the F.E.A,
proiccts a EC-E07 increas2 in coal consumption by 1985,
In e2adition, as the oil price decrezses, the FL.E.A.

coal consumption increaces, while our inodel demonstrates
the oppcsite trend in behavior,

Where, by 1985, the F.E.A. rodel results in 25% and
33% increases in total industrial energy consumption
for the $11 and $7 per barrel cases, respectively,
our model results in 13% znd 15% increases. (Again,
part of the difference is due to feedstocks).

In fact, the only similarity in behavior is that both models project
essentially the same patterns in electricity demand.

Unfortunately, the F.E.A. dces not scparately report their
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projection for petrochemical end-uses, making the forecasts not
entirely comparable, An alternative is to separately add a projection
for fecdstock demands to our model results.

It has alreedy bcen reported that rew raterial use comprised
ebout 3.5 quacrillion LTU's of the F.E.A. 1972 consumption dzta,
most of which (3.4 quads) is accounted for by oil. If we assume
demand growth in this end use category will be 5% per ycar between
1972 and 1985, thzn the 1505 use of fuel for Tezdstocks would he about
6.6 ciads (consisting of about 0.2 ceal, 0.1 natural gas, and 6.3
oil)lg. If we add these numbers to those derived frem our model,
the projected 19€5 consumption numbers become:

totaL | eas | o jeec. | coaL |
»
1985 CASE 1 (F.E.A.) 28.7 | 10.5 | 7.8 | 41 | 6.7
1985 CASE T (Our Model plus | . |
e ) 2.9 | 4.2 | 7.4 | 4.4 | 2.9

1085 CAST II (F.E.A.) 306 | 9.7 ] 9.3 46 | 6.9
1985 CASZ IT (Our Madal nlus -

Feedotocko) 20.2 | 12.8 | 8.3 ] 4.2 | 2.8
1985 CASE Til (Qur !'acdel nlus| .,

sy T 288 [ 1n.e | o7 | a5 | 3

S . . ,
The historical patterns of industrial raw material use of fuel
have been:

1960 - 1.4 quedrillion BTU's
1968 - 2.2 quadrilliion ETU's
1972 - 3.5 quadrillion E7U's

>

for a 1960-1972 growth rate of 7.S% per year.

We use a value of 5% for 1972-1%E5 to rcflect the presence
of ccme price response as well as to partially incorpgorate the
decrezse in econcmic activity of the pzst 18 mecnths., In addition,
this value makes the total demand orojecticns cf the two mecels
comparable so that we can better view the differences in fuel
substitution behavior.
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Having done this, the large disparities in total energy demand and
01l cemand disappecr leaving only the large and diverging trends
{n gas and coal demands. .

The reasons underlying these differences, are attributable
to the differcices in cetimated coefficicents of the two models.,
The F.E.A, rcports theoir estirated con-price and cross-price elasti-
cities fcr the industrial secter on page 62 of Zppendix A-II of the
Project Indcpencence Report.

The three major diffcrences are:

1. The F.E.A. model has en owa-price elisticity for naturel
gas of -1.5 vs. an estimated value of -0.8 in our
model. ‘

-~

2. The F.E.A. model has en oon-price elasticity for cozl
f -0.59 vs. on estimotcd x;iua of -1.1 in our mocel,

3. The F.E.A. medel exhitits a negative cross-elasticity
between ccal consunption and oil prices.

Because of these diffcrences, the FLELA. projzcts much less cas
denand and much more coal demand then our medel for - he same price

scanarios.

Finally, it is interessting that the "Mo 0.P.E.C." case results
in essentially the seme total cemand ‘c*_\ssts as the firet two cases,
The only significent difference appears in the coenfiguration of fuels
consuned. This is an illustration of th: elfects of the relatively
Tow total demand elasticity and high substituticn elasticities in this
sector, The changed price configuretion results in mere oil, coal,
and electricity cerand, and less gas cemand -- exacly as one would
espect given the price acsumptions cepicted in Figure 14,
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IV. CONCLUSIONS

It has been arcved elsewhere that the F.E.A. has probably
underestimeted future cas aid coal decmand and over-estimited future
o1l demana‘o. For the incdustricl secteor our results confirm {hat
fnatural gas-comond has been underestimated. Our results do not
support the cciclusion that o1l demand has been over-estimated jxj:
this szcter, mainly because of the predominance of grewth in feed-
stock uses, and rather than underestirating ccal demand, our work
suggests that coal demznd has been overestimeted by the F.E.A.

This has important implications for policy znalysis and *
forecasting in the Project Indepezndence contoxt, but it does not
invalicdate the F.E.A.'s results with regard to future o0il require-
rents. Qur mcdel cenfirns that altera:tive energy fotms are highly
substitutable in the industrial secter, thzt the fuel consumntion

1y degandent on the costs of cempcting fuels, and

that qbbgraphic trends of inductrial dovelepment may be highly de-
pendent upen the availibility of low cost enevgy roscurces. These

ilit
that nced to b2 incorporeted into the analysis
ternatives.

20see Ref [13, chapter 3.
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APPENDIX: DATA SCUCES AND DERTVATION

a

The data we have used is frcm many different sources.
Unfortunately, the fuel consumpt icn catcgories do not always cover .
exactly Phe same ucel, but we've made every effort to reconcile
differences across sources,

The price data (which is at the retail level) is in $/BTU:
the consumption data is in BTU's; value added is in dollars, other
variebles are in similar singular units,

Natural CGas:

The industrizl gas consumpticn dzta is the "total" catcgory
minus the "Flectric utilitics", "resicential” and “cemmercial®
categorics in the U,S. Burzau of !iines' ilinerals Vearbook as shown

in the "value cnd consurption” table.

The cas prica dsta is constructed by using the total consumption
figuras described cbove plus the elsciric utilities censumption, and
dividing this intc the tctal value of &1l this consumption, The electiric
utilities sector is neccssarily used to construci a price because, until
1967, there is no value of consumption that dees not include thz electric
utilities sector. Thus, an average price is construcied, though it dozs
not zxactly correspand to the fuel consurdtion which ve are cencerned with.

- ———— . ——— %

The ¢as figures are convertzd frea million cubic feet units
to BTU's by the Edison Electric Institutz Statistical Yecorbeok ges

conversion factors for electric utilitics' fucl consumption,
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0i1 and Coal ‘

Industrial ofl consumption includcs distillete and residual oil
and non-hcating kerosire in the "industrial", "oil écm“any Tuel”, and
?misce11grocus" catzgories, except for cn- h‘oh”,v diesel oil in the
miscellanceus categery. Al data are from the Mineral Industry Survey's
'”Shipnants ef Fuel 0l and Kercsine". Shoricomings o7 this data are
thet the industricl catccory does not consistentiy include or exciude
industiial hcating oil, and thazt even the Burzau of Mines 1tself is
unztle to cezeribo what primarily is included in the piscellcneous
category bziidas diesel oil.

Coal concumption data is frem the Mincrals Yearbock teble "Distri-
bution of Bituminous Coal and Lignite by Destinztion and Consumar Use", and
is the sun of the "coke wnc gas plants” and the "all ethar® catepories,

&

hich excludas retiil sales and sales to clcetric utilities. This is

&le
the most incofinite of ¢11 the Tuzl consurption data cateronies;
howcver, no batter can b2 dona cn any scile, thiugh it can reaconably
be cesumad thit most {nductry deas not Luy its ceal frem retail
outlets, The short-ceming heve is qkin to that of oil h

othar" cuotessry will include relevent censumption, but it will

tainly also include a lct of irrclevant censunption -- this is
jmoossible to trcce at the state level.

_ The o1l consumpticn Gata is converted. from barrels to ETU's as
follows: residual = 6.287 x 10° BTU's/barrel; distillate = 5.825 x 10°
BTU's/barrel; kerosine = 5,67 x 106 BTU's/barrel. These conversicn figzurzs
come from the 1971 editicn of the American Petroleum Institute Handbook.
The coal ccnsumption data is converted from tons to BTU'z by the coal-
consumzd by elcctric-utilities conversion factors in the Edison Electric
Institute's Statistical Yearbook.

Both the coal and o0il price series were created (since no by-state



industrial price scries ware cvaileble) by using the 1902 Census of
fanufacturcrs prices for these fuels in 1962, The coal price {s

then extendzd through 1972 by n2ans of the derived yearly percentes
increzees in the electric vtilities pricis of the fuels from the Edison
Electric Institute's Statistical Yearbook. The oil price is extencz

by the same methed, according to the # 2 fuel oil prices from the
Rmerican Gas Associatica's "Gas liouseheating Survey" instead.

tlectrfq1ty

Incdustrial clectricity consumnticn and price is from the Statistical
Yearbock's “"Sales and Revenuas" cateqorics under “Lawrge Licht and Pewer,
whose dravback is the poseible inclusion of larce commercial firms and
other irrelevent large {irms end the possiblie enclusion of small in
dustrial firas. The averace price of clcctricity is r.2ra2ly Revenues
divided by Sales, zs with n:turai cas. khore, espzcially, it would he
cood to hcve rareinzl pricce, but the c.T" morsinal electicicity aricss

1 Elcetric Bi118" publications, énd thin
by-state cn?y for the residanticl-commarcial sector, The elcctivicity
figurae, in th, are coaveriad o OTU's by 3412.C GTU's/itm,

Averae2 Price Vaydrbles Tom S4otr AlToa-tirn and Frel-t9148 Ervntirns

The average prices used in the stztr allecaticn eovation are
created by calculating a \yzighted avercee of indivicdual state fuel
prices, the weights being state fuel rmarket shares.

The average prices in the totzl-dinind couation are created by
computing & WEightCQ-cVGP’ge of the averace price in the state cllocaticn
equation, the weichis being each ctate's chare of totel U.S. 4ndusirial
energy concumption
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Hi r‘\\rnﬂous , »
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The porulation cita is frem the Durcau of the Census.

The value-ad d ficures end frections (Carived fren tuenty
S.I.C. ccde valucs in ca nterietively with other
Fanufocturars  and the Annuval
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C
varieblics cerz from thc Cencus 0
Survey ¢i lanutacturers,

The dollar dz7later is the vholesale price incex fer non-fam
industrial cewaoditics in constont 1667 deilar

e would have Tiicd very vech to hzve explicit data on the
agricultural :cctor, e.g., voiuc-aadaa, waich is, of course, un-

acceuntable,  In 2824ticn, ¢, eil, ond clectricily us@o nea-veci-
] H H J

-t

dentially in the coriculturad coctowr orz fnciuded in such pleaccs

as the "resicdondinl" re 1211 o5 1o tig "orhoo" cooogories for oos,

-
{n tha “miscoiicroaus® or "iotine” catogniiey for oil, anc n the
"resioontialt or Msmall Tight ond pooip" cavceonics Tor electricity.
In sum, som2 Ciszcrcpanciss of it muy be “uv <o this inacequicy
{

“~

and inconsisicncy.



