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Abstract 

This paper presents an integrated energy-demand model for the com­

bined residential and commercial sector. The model consists of two parts: 

the first determines aggregate demand for energy, and the second estimates 

market-shares for electricity, natural gas, and petroleum products. Demand 

elasticities for aggregate as well as individual fuels are analytically de­

rivable. The study concludes that pricing strategies can be effective in 

stimulating the conservation of energy. Furthermore, raising prices of 

petroleum products and natural gas has greater potential for conservation 

of end-use energy than raising electricity prices. However, when the pri­

mary sources of energy are considered, the results show that raising the 

prices of electri.city is far more effective for energy conservation than 

raising the prices of natural gas and petroleum products. This practice 

is more effective because the overall efficiency of fuel use is lower 

when electricity is employed as the end-use energy form. 
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1. Introduction 

The degree to which increases in energy price stimulate conservation 

of energy is still an unresolved issue. Most energy demand studies dealing 

with a single fuel offer only partial answers to this important question. 

For example, in electricity demand, abundant evidence shows the existence of 

a significant own-price elasticity. One obvious implication (as Chapman 

1 et al. illustrated) is that a substantial reduction in electricity-

demand growth may be anticipated as a result of increases in the real 

price of electricity. It is not so obvious, however, that increases in 

PlPrtrir.ity price wo~~d reduce total energy consumption after the allow-

ance for interfuel substitution is made. 

To evaluate the ultimate impacts of various energy pricing policies, 

we need an integrated model that treats demands for all substitute fuels 

interdependently. The purpose of this paper is to construct such a~ inte-

grated energy-demand model for the residential/commercial sector. Specifi-

cally, a market-shares model is developed in which demand elasticities for 

aggregate as well as individual fuels are analytically derived. 

In 1972 the household and commercial sectors used 19 X 10 lB joules 

of energy in the United States (Table 1). The largest proportion of energy 

use was provided by natural gas, which accounted for 42% of the total. On 

the other hand, use of coal was almost negligible. Since utilization effi-

ciencies vary remarkably among fuels, it is important to take into account 

these differences when comparing the relative shares of individual fuels. 

2 
For space heating, Hise and Holman show that existing gas furnace systems 

have utilization efficiencies of 50 to 60%, depending upon the type of fur-

nace and installation. Oil furnace systems are slightly less efficient 
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Table 1. Quantities and shares of end-use consumption 
of fuels in the residential/commercial sector, 

United States, 1972 

Before adjustmenta 
. b 

After adjustment 

Quantity, c Share, Quantity, Share, 
Fuel: 

101 8 joules percent 10 18 joules percent 

Electricity 3.67 19 3.67 31 

Natural gas 8.06 42 4.43 38 

Petroleum products 7.11 37 3.56 30 

Coal 0.27 2 0.09 1 

Total 19.11 100 11.75 100 

aThese quantities are end use figures. Therefore, the quantity 
of electricity does not include power plant losses, and the quantities 
of nat~~al gas, petroleum products, and coal do not include energy used· 
for drilling or mining and distribution. 

b Assumes a conversion efficiency factor of 1.0 ·for electricity, 0.55 
for natural gas, 0.5 for petroleum products, and 0.35 for coal. 

cOriginal data in British thermal units were converted to joules. 
One Btu equals 1054.8 joules·. 

Source: U.S. Bureau of Mines, Fuel and Energy Data~ United States 
by States and Regions, 19?2~ information circular 8647, 
1974. 



3 

than gas furnace systems. Utilization efficiency of coal for home heating 

is much less than that of oil and natural gas. 

Most of the past studies concerning end-use efficiency have dealt 

with space heating. Since the bulk of natural gas and petroleum products 

was used for space heating, the relative end-use efficiencies of space 

heating are used as proxies for converting the aggregate energy use in the 

residential/commercial sector into an end-use basis. Because of the 

potential bias in applying these approximate efficiency factors, a sensi-

tivity analysis for evaluating this bias was conducted and is discussed in 

Section 4 and Appendix B. 
·2 3 

Based on the published sources ' and on con-

sultations with engineers, we selected efficiency factors of 1.0 for 

electricity, 0.55 for natural gas, 0.5 for oil, and 0.35 for coal as our 

base case. In applying these factors, original fuel consumption figures 

of Table 1 were adjusted to an end-use basis and are shown in the second 

column. These adjustments increase the share of electricity significantly, 

even though natural gas still constitutes the largest share. Since changes 

in fuel mix may result in shifting from inefficient to more efficient fuels, 

in addition to changes in relative fuel prices, it is important to account 

for these relative efficiencies in estimating interfuel·substitution. 

Historically, electricity prices have been higher than those for nat-

ural gas, oil, and coal. In 1972 the average price of electricity was 

$6.29 per trillion joules, while prices of natural gas and No. 2 oil were 

$1.04 and $1.15 respectively (Table 2). After adjusting for relative util-

ization efficiencies, electricity still costs more than natural gas and oil 

(Table 2). These relative prices are important for explaining the behavior 

of households and commercial firms in their fuel choices. 
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Table 2. Average prices of fuels used in the 
residential/commercial sector, United States, 1972 

Fuel 

Electricity 

Natural gas 

No. 2 oil 

Coal 

Weighted average 

Average price 
before adjustmenta 
dollars/lOg joules 

6.29 

1.04 

1.15 

Average price b 
before adjustment 
dollars/lOg joules 

6.29 

1.89 

2.30 

0.86 

aAverage prices in their common units are 22.6 mills per kWhr of 
electricity, $2.06 per MCF of natural gas, ~7¢ per gallon of No. 2 oil, 
and $7.66 per ton of coal. 

b Assumes a conversion efficiency factor of 1.0 for electricity, 0.55 
for natural gas, 0.5 for oil, and -0.35 for coal. 

cBased on f.o.b. value. 

d Computed using the shares of four fuels calculated from fuel-use 
quantities as the weighting factors. 

e Computed using the shares of four fuels calculated from end-use 
quantities as weighting factors. 
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2. The Market Shares Approach 

One common approach to modeling energy demand is estimating a con-

ventional demand function for a particular form.of energy and investigating 

interfuel substitutions by including the pric~s of substitute fuels in the 

model. But this approach does not explicitly take into consideration 

interrelationships between consumption of a particular fuel and consumption 

of other fuels. The market-share approach developed here treats consump-

tion of all substitutable fuels interdependently. The model consists of 

two parts: the first determines aggregate demand for energy in all forms, 

and the second estimates market-shares for three major fuels (electricity, 

4 natural gas, and petroleum products). 

Aggregate energy demand is assumed to be a function of the weighted 

average energy price, personal income, and the numbers of heating and cool-

ing degree days. The regression equation is expressed in linear form as 

follows: 

Q = a0 + a1P + a2r + a3H + a4c + a5D, 
r 

3. 
where P = ~ Pis1, 

i=l 

and 

a
1

' s are pR.r.R.metere!'l to he e!'lt:i.matec:l. 

(1) 

The market share for the ith fuel is assumed to be a function of its 

price, prices of substitute fuels, personal income, and degree days. The 

three market share equations have the following general expresssion: 
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for 

i = 1, 2, 3 

where aij 's are parameters to be estimated. 

All variables are defined below: 

Q1 = End-use quantity of electricity demanded per capita in 

the residential and commercial sectors (1018 joules). 

Q2 = End-use quantity of natural gas demand per capita in 

18 . 
the residenUal and commercial sectors (10 joules). 

Q
3 

= End-use quantity of petroleum products demanded per 

' 
capita in the residential and commercial sectors 

(1018 joules). 

Q = Q1 + Q
2 

+ Q
3 

= Total end-use quantity of energy deman-

18 ded per capita (10 joules). 

P1 = Real average price of electricity used in the residential 

and commercial sectors (dollars/109 joules). 

p2 = Real average price of natural gas used in the residen-

tial 
9 ' 

and commercial sectors. (dollars/10 joules). 

p3 Real retail price of No. 9 joules) •. = 2 fuel oil (dollars/10 

I =Real per capita income (thousands of dollars). 

H = Annual heating degree days weighted by population. 

C = Annual average cooling degree days. 

D = Dummy variable having value of 1 for 1971 and 0 for · 

1972. 

All quantity variables (Qi) and price variables (Pi) were adjusted 

according to the approximate relative end-use efficiencies of the three 
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fuels .as follows: 

(3) 

and 

where qi and pi are, respectively, reported quantities and market 

prices, and n·i are the efficiency factors (1.0 for electricity, 0.55 for 

natural gas, and 0.5 for petroleum products). 

The linear form is used because of the inclusion of degree days as 

variables. From engineering calculations, net heat loss from buildings 

is approximately proportional to the difference in temperature between 

the inside and the outside. Both theoretical considerations and direct 

observation indicate that fuel consumption for heating and cooling varies 

linearly with degree days when other· factors are held constant. 5 There-

fore, the use of the linear specification which preserves this important 

engineering relationship is necessary. 

6 Recently, Nissen and Knapp and Baughman and Joskow7 have also es-

timated a two-component model similar to the one developed in this paper. 

Baughman and Joskow estimated a set of multinomial logit functions. 

Their model sper.ific.ati.on imposes a very restrictive assumption (i.e., 

all cross-price elasticities with respect to a given price are restrict­

S 
ed to be identical). Although Nissen and Knapp also estimated fuel-

split (share) equations, our model differs from theirs in many respects. 

First, we use quantity shares rather than revenue shares as weighting 

factors for computing the weighted average price of energy. Our formu-

lation, thus, provides a direct linkage between aggregate demand and 

market shares. More important, it facilitates the analytical derivation 
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of demand elasticities as discussed in Section 3. Second, income and 

degree-day variables appear in both aggregate-demand and share equations 

in our formulation. In the Nissen-Knapp model, no climatic variable was 

introduced, and income appeared only in the aggregate-demand equation. 

Finally, we adopt a linear specification; they used a log-linear speci-

fication. Under a linear specification, the fact that the market shares 

must sum up to one implies that 

3 
E aiO = 1 

i=l 
(4) 

and 
3 
E a~ = 0 for j = 1, .... , 7. 

i=l 
(5) 

The sum of all constant terms in the market-share equations must 

·equal unity, and the sum of the estimated coefficients for each variable 

must equal zero. These important properties cannot be easily imposed in 

the log-linear model used by Nissen and Knapp. 

3. Regression Results and Demand Elasticities 

The system of equations shown in Eq. (2) fits the general spe-

9 cification used by Zellner for seemingly unrelated regressions. A 

proper procedure to estimate this set of share equations subject to con-

straints expressed in Eqs. (4) and (5) is Zellner's generalized 

least-squares approach. One difficulty arises; since all 

shares sum to unity, the disturbances across the three share equations 

will always add up to zero for each observation. As a result, the vari-

ance-covariance matrix is singular and nondiagonal. 
10 Berndt and Wood 
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encountered the same problem in their study of industrial demand for 

energy in which translog cost functions were used. They arbitrarily 

dropped one equation and estimated the remaining equations with linear 

restrictions with the iterative three-stage least-squares procedure. 

Unfortunately, this method could not be applied here because the con-

straints implied in our model are no longer needed when one share 

equation is dropped. Thus, if only two out of the three share equations 

are estimated, Zellner's estimation procedure reduces to ordinary least 

squares (OLS), since we have the same set of independent variables. 

H&nc&, the present model i.s a special case of the Zellner's model 

that conforms to the classical multivariate regression model. 11 In this 

case, OLS gives efficient estimators because the covariance matrix factors 

out of the Kronecker product relationships (disregarding constraints). 

Furthermore, since the constraints are automatically sati~fied by OLS 

12 
(as shown by Pindyck and Rubinfeld ), the OLS estimators must be effi-

cient whether constraints are imposed in the multivariate. regress1on: or 

not. It is concluded, therefore, that OLS is the best method for estim-

ating Eq. (2) alone. 

To estimate the model as specified in the previous section, com-

plete data on the consumption of all energy sources must be available. 

Data on oil consumption by sector are particularly lacking. Fortunately 

the U.S. Bureau of Mines recently compiled detailed data on consumption 

of oil and other fuels on a state basis. Data for 48 states for both 

1971 and 1972 were used for estimation in the present study. Although 

the residential and commercial sectors have to be combined, we believe 

this set of data is the best available so far. Details of the sources of 
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data are discussed in Appendix A. 

The regression results are presented in Table 3. The overall perfor-

mance of the model is remarkably good in terms of signs and statistical 

significance of the estimated coefficients. 
2 

R 's are reasonably high 

13 
because this is essentially a cross-sectional analysis. 

Results for aggregate demand (Eq. 1.0 in Table 3) show that energy 

price and income coefficients are statistically significant. Furthermore, 

the coefficients of degree days all have the expected positive sign, and 

the heating degree day variable is more significant than the cooling 

degree day variable. 

The coefficient estimates in the market-share equations are all 

plausible. All own-price and cross-price coefficients have the expected 

signs and are statistically significant. With respect to income 

effects, results show that an increase in income would increase 

market shares for electricity and natural gas and reduce the share for 

petroleum products. For heating degree days, the results suggest that 

the share of petroleum products in colder states is higher than the 

shares of natural gas and electricity. On the other hand, the results 

show that higher cooling degree days increase the share of electricity 

while reducing the shares of natural gas and petroleum products. These 

results are, of course, obvious, because electricity is the major fuel 

used for air conditioning. The estimated coefficients for the dummy 

variable indicate that relatively more electricity was used in 1972 than 

in 1971. This increase may reflect a switch toward electricity because 

of the uncertainty about the assured availability of oil and natural gas. 



Table 3. Estimated aggregate demand and market share equationsa 

Heating Cooling 
Type Energy Elect. Gas Oil degree. degree Yearly 

Eq. of Dep. price, price, price, price, Income, days, days, dummy, 
No. fuel var. p pl p2 p3 I H c D Constant R2 

1.0 Total Q -1265ld 6.255d :3. 736(: 4.287 -1561 50060d 0.617 
demand (2119) (1. 99) (0.79) (2.46) (1660) (12300) 

2.1 Elect. Ql/Q -75.04d 42.39d 69.5lc 0.034ld 0.0046 0.108ld -21.2lc 236.2 0.845 
share X 1000 (6 .68) (7. 74) (32.5) (0.012) (0.006) (0.017) (10.3) (144) 

2.2 Natural Q2/Q 59.5ld -229.30d 107.60c 0.0270 -0.0140 -0.0674c -2.71 .215.3 0.819 
gas X 1000 (10.03) (11.6) (48.8) (O .019) (0.009) (0.025) (15.5) (216) 
share 

2.3 Share of Q3/Q 15.53b 186.9ld -177.lld -0.06lld 0.009L -0.0407b 23.92b 548.5d 0.879 
petroleum x 1000 (8.48) 9.83) (41. 3) (0.016) (0.007c) (0.021) (13.1) (182) 
products 

~igures in parentheses are estimated standard errors; R2 is the multiple coefficient of determination; and D.F. is the 
degrees of freedom. 

bStatistically significant at the 10% level. 

cStactistically significant at.the 5% level. 

d Statistically significant at the 1% level. 

D.F. 

90 

88 

88 
1-' 
1-' 

88 
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By using the sample mean values, the aggregate-demand elasticities 

were computed to be -0.70 with respect to price and 0.41 with respect to 

income. Since the model is estimated from cross-sectional data, the 

resulting elasticities are generally interpreted as long-run elasti-

14 
cities. The present estimate of price elasticity falls between the 

estimates obtained by Nissen-Knapp and Baughman-Joskow (Table 4). · Our 

estimate of income elasticity is lower than both of theirs. 

Since the estimated income elasticity is well below unity, raising 

incomes would not result in a proportional rise in energy demand. A 

greater proportion of additional income would be spent for other consumer 

goods and services if prices of energy remain constant. The estimated 

price elasticity is also below unity, implying that an increase could be 

expected in consumer expenditures on energy as the price of energy rises. 

Table 4. Comparison of aggregate demand elasticities 

Energy 
price, Income, 

Model p I 

. 
Present study -0.70 0.41 

Nissen-Knapp -0.53 0.48 

Baughman-Joskow -0.80 0.62 

Based on individual market-share equations, we can compute the mar-

ket-~hare elasticities. The price elasticities have the following general 

expression: 
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for i, j = ]. , 2, 3, (6) 

where the "bar" indicates the mean values of sample data. It can be 

shown that these market-share elasticities are equivalent to the con-

ditional demand elasticities. That is 

Q 

where aggregate demand Q remains unchanged. 

The matrix of computed conditional-demand elasticities is presented 

in Table 5. This elasticity matrix may be intepreted column 

by column. For example, elasticities in the first column show 

that an increase in electricity price by 1.0% would reduce long-run el-

ectricity demand b~.34% and increase demands for natural gas and 

petroleum products by 1.0 and 0.3%, respectively, holding aggregate 

energy demand unchanged. As noted in the matrix, the substitutability 

Table 5. Estimated conditional demand elasticities 
given aggregate demanda 

Electricity Gas Oil 
price, price, price, 

Type of fuel pl p2 p3 

Electricity -1.341 0.250 0.547 

Natural gas 0.990 -1.259 0.788 

Petroleum products 0.275 1.090 -1.378 

a Computed at sample means. 

Income, 
I 

0.403 

0.297 

-0.715 
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between natural gas and petroleum products appears to be greater than 

either between electricity and natural gas or between electricity and 

petroleum products. The estimated elasticity matrix is not symmetric. 

This lack of symmetry can be explained by the fact that different fuels 

may be used for different purposes. For some end-use functions, sub-

stitution is simply not feasible or practical. For example, electricity 

used for lighting and air conditioning is generally considered nonsub-

stitutable, even though candles and gas air conditioners do exist. 

From the standpoint of conserving end-use energy, it is of great 

interest to know the aggregate-demand elasd.citie·s with respect to in-

dividual fuel prices. These elasticities can be computed from our model. 

Differentiating Eq. (1) with respect to the price of fuel j and using 

Eq. (2), we can derive: 

3 
= a1 (Sj + E Pia.j) 

i=l l. 

for i = 1, 2, 3 • 

The elasticity can then be computed by 

e.= 
J 

~ 
Q 

(7) 

(8) 

These elasticities are computed to be -0.054 for electricity price, 

-0.264 for natural gas price, and -0.270 for oil price. The fact that 

these elasticities are all negative has an important implication for 

energy conservation. It suggests that pricing strategies can be effec-

tive instruments for achieving energy conservation. These elasticities 
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are partial elasticities in the sense that their interpretation requires 

an assumption of holding all other factors constant. If the prices of 

other fuels increase simultaneously, as is generally the case, the re-

sulting energy conservation would be greater than implied by these 

elasticities, 

Another notable feature of our market-share approach is that the 

conventional demand elasticities are derivable analytically •. To derive 

the own-price elasticity, we differentiate Eq. (2) with respect toP.: 
J 

~Q 
aP. 

j 
(9) 

Substituting Eq. (7) into Eq. (9) and equating the resulting equation to 

aii' we obtain 

Hence, the conventional own-price elasticity can be computed by 

aq. _:j_ 
= [•jjQ + a1sj cs; + .~ PiaijJ ~ E .... ......:J. . (10) 

JJ aPj Qj . 1-1 Q·. 
J 

Note that Eq. (10) can be alternatively expressed by 

(11) 

Q 
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if the equality holds as follows: 

s. 
J 
~ 

Q 
(12) 

Equation (11) states that the conventional-demand elasticity can be ex-

pressed as the sum of the market-share elasticity as previously deter-

mined in oEq. (6) and the aggregate-demand elasticity shown in Eq. (8). 

However, if we use the sample means for computation, the equality (12) 

does not hold in general. Hence, it is more appropriate to use Eq. (10) 

rather than Eq. (11), even though the differences are found to be very 

small. 

Similarly, cross-price elasticity can be expressed as follows:· 

and 

_3 pk 
Ejk = = 

aPk 
Qj 

income elasticity as 

ao. __ ] 

a I 
I q;-= 

tjkQ 
3 ] pk 

+ a1sj (sk + E P. aik) -=-l. 
i=l Qj 

I 

(13) 

The conventional-unconditional-demand elasticities computed at the 

mean values of sample data are presented in Table 6. The estimates of 

own-price elasticities are all greater than 1.0 and this indicates that 

demands for all fuels are price elastic. Although the negative elasti-

city of natural gas .Price for electricity demand is not expected, its 

magnitude is small. This result does not seem too surprising, because 

most electricity demand studies have obtained either insignificant or 
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small cross-price elasticities with respect to nat~ral gas. 

Considering natural gas demand, the two. cross-price elasticities are 

high, and their sum is almost equal to the own-price elasticity. These 

results imply that changes in prices of electricity and oil would have 

substantial impacts on natural gas demand. However, if all fuel prices 

change by the same percentage, the impact on natural gas demand would be 

minimal because the own-price effect is offset by the cross-price effects. 

The same conclusion does not hold for electricity and petroleum products 

demands where the sum of cross-price elasticities is smaller than the own-

price elasticity. In. the demand for petroleum products, natural gas is 

a much more important substitute than electricity. Furthermore, estimated 

income elasticities are positive but smaller than unity for electricity 

and natural gas.. A negative income elasticity for petroleum products is 

not expected although the magnitude is small. 

Table 6. Estimated conventional demand elasticites 

Electricity Gas Oil 
price, price, price, Income, 

Type of fuel pl p2 p3 I 

Electricity -1.461 -0.015 o. 290 0.856 

Natural gas 0.919 -1.495 0.508 0.698 

Petroleum products 0.215 0.806 -1.608 -0.293 

The present estimates of own-pd.c.e elasticities are slightly higher 

than those estimates obtained by Baughman and Joskow7 and much higher 

6 
than the estimates of Nissen and Knapp. Also, our estimates of cross-

price elasticities. of the demands for natural gas and petroleum products 
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7 are higher than those obtained by Baughman and Joskow. We note that they 

derived their demand elasticities using a simulation procedure, and one 

cannot be sure that the resulting estimates are independent of the par-

ticular assumptions they used in their simulations. 

· Our model was estimated assuming efficiency factors of 1.0 for elec-

tricity, 0.55 for natural gas, and 0.5 .for petroleum products. Although 

these assumptions are the best to our knowledge, they are, by no means, 

absolutely accurate. It is, therefore, important to know how sensitive 

the resulting elasticity estimates are to these assumptions. To asses~ 

this sensitivity, we re-ran the regressions for four other alternative 

sets of efficiency assumptions. A detailed comparison of the resulting 

estimates of various elasticities is presented in Appendix B. The results 

show that the elasticity estimates are not sensitive to the assumptions 

made on end-use efficiencies within the range of uncertainty. 

4. Demand and Conservation of Primary Energy 

The analyses presented in Sections 2 and 3 dealt with energy used 

by households and commercial firms for performing various end-use func-

tions. The elasticities obtained from these analyses measure·the extent 

to which consumers respond to changes in economic and climatic factors 

in determining the amount of energy they actually use. However, these 

elasticities do not measure directly the response of demand to these 

exogeneous changes for primary energy sources. By primary energy, we 

mean the energy sources used to produce fuels for end-use. For example, 

coal, natural gas, oil, hydro-power, and uranium are used to generate 

electricity; electricity, natural gas, and oil are required fuels for 
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drilling natural gas and oil. To properly evaluate the potential for 

energy conseYVation, we need to examine the primary energy sources need-

ed to meet the final demands for end-use fuels. 

To analyze the primary energy demand in out model, we first must 

convert our end-use energy to primary energy, assuming fixed ~nput-

ou~put relationships, and then compute the price elasticities for pri-

mary energy demand. From Eq. (3), we have 

where 

qi = reported quantity of fuel i without adjustment for 

end-use efficiency 

n1 = end-use efficiency factor of fuel i 

Qi = adjusted quantity of fuel i used in our previous estimation. 

Note that q1 and Q1 were expressed on a per-capita basis. Let Mi be 

the amount of primary energy used to .Produce qi. Furthermore, Mi can 

be expressed as: 

where E. is the input-output coefficient measuring the amount of primary 
1 

energy required to produce a unit of fuel i for end-uses. Hence, the 

total pr-i.mary energy demand can be expressed as 

M = 
3 
I: 

i=l 
M. = 

1 

3 
I: 

i=l 
(14) 
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In our formulation, the overall efficiency in using primary energy in 

homes and commercial buildings can be defined as 

(15) 

Equation (14) can then be rewritten as: 

'(16) 

It must be noted that we are interested only in the total primary energy, 

disregarding the mixture of primary energy sources used for generating 

electricity or drilling natural gas. 15 Herendeen and Bullard have shown 

that the overall input-output coefficients for converting primary energy 

to electricity, natural gas and petroleum products changed only slightly 

between 1963 and 1967. 

To examine the impacts of changes in fuel prices on primary energy 

demand, we differentiate Eq. (16) with respect to the individual fuel 

prices: 

aM 
--= 

3 
E 

i=l 

The price elasticities of the demand for primary energy can then be 

computed by 

for j = 1, 2, 3 (17) 

For computing these elasticities, we note that the partial derivatives, 
aQi 

---' have been previously evaluated in Eqs. (9) and (10) using sample 
aPj 
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means. The total efficiency factors (oi) are co~puted based on the 

1967 input-output coefficients estimated by Herendeen and Bullard. 15 

These estimates are shown in Table 7. Accounting for the direct and in-

direct usage of energy in producing end-use fuels, electricity becomes 

the least efficient fuel with an overall efficiency of 26%. The last 

figure needed for computing price elasticities is the mean value of M 

which is obtained from Eq. (16) using the mean values of Qi. 

Table 7. Total efficiency factors by fuel type 

Input-Output 
coefficient Total 

Type of End-use for converting efficiency 
fuel efficiency primary energy, factor, 

ni e: • oi=n/Ai l. 

Electricity 1.00 3.796 0. 263 

Natural gas 0.55 1.101 0.500 

Petroleum products 0.50 1.208 0.414 

In Table 8 the resulting estimates of price elasticities using 

Eq. (17) are compared with the estimates previously obtained using Eq. (8) 

for total end-use energy. A striking difference was found on the estim-

ated elasticity of electricity price. The magnitude of the electricity 

price elasticity (-0.33) for primary energy demand is much higher than 

that of the prices of natural gas and oil, while it is the lowest (-0.05) 

among the three price elasticities for end-use energy demand. This is 

clearly due to the fact that the total efficiency for using electricity 

is much lower than that of natural gas and petroleum products. The 

resultc show that raising electri ci.ty prices would be more effective in 
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Table 8. Comparison of estimated price elasticities 
for total·end-use energy and primary energy 

Electricity Gas Oil 
price, price, price, 

Type of demand pl p2 p3 

End-use energy -0.054 -0.264 -0.270 

Primary energy -0.330 -0.157 -0.224 

conserving primary energy than raising prices of natural gas and oil. 

This is, of course, in sharp contrast to the conclusion reached for end-

use energy demand which showed the opposite. These results are not 

contradictory; rather, they show that it is essential to distinguish be-

tween end-use energy and primary energy for making policy decisions 

concerning energy conservation. 

5. Conclusions 

This study shows that aggregate end-use energy demand in the resi-

dential/commercial sector has a price elasticity of -0.7, while individual 

fuel demands are all price elastic in the long run. Furthermore, changes 

in the price of a particular fuel would affect its demand more than the 

aggregate energy demand because of interfuel substitution. For example, 

an increase of 1% in electricity price would reduce electricity demand by 

1.4% and reduce total end-use energy demand by 0.1%. With a 1% increase 

in price of natural gas, the resulting demand reductions for natural 

gas and for total end-use energy would be 1.5 and 0.2% respectively. A 

1% increase in the price of oil would reduce demand by 1.6% and the ag-

gregate end-use energy demand by 0.3%. Hence, raising petroleum prices 

appears to have the strongest potential for conserving end-use energy. 
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When primary energy is considered, the results show that the elas­

ticity of electricity price is higher than that of prices of natural gas 

and oil. This higher elasticity indicates that increasing the price of 

electricity has a greater impact on reducing demand for primary energy. 

The study concludes that it is essential to distinguish primary energy 

from end-use energy for making policy decisions. 

The model constructed in this paper explains the consumer's'response 

to changes in various explanatory variables. Since cross-sectional data 

were used for the estimations, the results characterize interstate vari­

ation as well as behavioral relationships. There are potential causes 

that may induce changes in the demand structure in the future. For 

example, new technologies such as solar heating and the Annual Cycle 

Energy System (ACES) may be widely adopted. Also, there may be signifi­

cant changes in life styles so that people prefer smaller and multiunit 

housing. Therefore, the energy conservation resulting from higher prices 

may be greater than our historical elasticities indicate. The fact that 

consumers do respond to price changes, as shown in this and other studies, 

suggests that significant potential exists for adopting energy conserving 

technologies in this era of increasing energy prices. 

The model has at least two limitations regarding its usefulness for 

forecasting. First, a model based on cross-sectional analysis provides 

only estimates of long-run demand elasticities. In forecasting, it is 

necessary to deal with both short- and long-run effects. Second, al­

though our linear model assures that the estimated matket-shar~s always 

sum to unity, it does not guarantee that the estimated shares are all 

positive. Despite these limitations, the model gives a better analytical 
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insight into the demand structure than other models that use log or 

logit form. 

Finally, we should point out also that our model does not deal with 

interrelationships between the price of electricity and the prices of 

natural gas and oil. Since natural gas and petroleum products have been 

among the major energy sources for generating electricity, changes in 

prices of natural gas and oil will affect the price·of electricity. 

Hence, any policy instruments, such as the deregulation of the prices of 

natural gas and oil designed to affect prices of natural gas and oil, 

will also affect the price of electricity. We anticipate, however, 

that the significance of these realtionships will reduce in the future 

when the nation possibly moves toward using more abundant energy sources 

such as coal and nuclear power for electric generation. 
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Appendix A: Data 

Annual data for 48·states (excludes Hawaii and Alaska) for 1971 

and 1972 were used for this study. Data on total energy consumption of 

electricity, natural gas, and petroleum products were obtained from the 

U.S. Department of Interior (FUel and Energy Data~ United States by 

States and Regions~ l9?2~ Bureau of Mines Information Circular 8647, 

1974; and United States Energy Faot Sheets~ l9?l~ February 1973). 

Average electricity prices were computed by dividing revenues by sales 

of electricity by states published by Edison Electric Institute 

(Statistical Yearbook of the Electric Utility Industry~ for 1971 and 

1972). Similarly, average natrual gas prices were computed from the 

revenues and sales data published by American Gas Association (Gas Facts, 

1971 and 1972). Data on No. 2 oil prices were o~tai.ned from the Platt's 

Oil Price Handbook and Oilmanac for 1971 and 1972 (McGraw-Hill, Inc., 

New York). Market spot (or terminal) price is available for only 56 

major cities. For those states without any reported city, data for an 

adjacent state were used. We adjusted these terminal prices to retail 

prices by assum:l.ng a fixed percent of markup (65%). 

State data on heating degree days (average weighted population over 

divisions) were obtained from the National Climatic Center, Asheville, 

N.C. ("Monthly Heating Degree Days by State and Season," Job No. 14624, 

November 13, 1973). Data on cooling degree days by city were obtained 

from National Oceanic and Atmospheric Administration (Clin~~oZogiaal 

Data~ National Summary~ December 1971 and December 1972). City data 

were averaged to yield data for states. 
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Data on personal income were obtained from the Survey of Current 

Business, April 1974 (U.S. Department of Commerce). Population data were 

taken from the Current PopuLation Reports (U.S. Bureau of the Census). 

Finally, all prices and income variables were deflated by the cost­

of-living index. The 1970 state in9·ice·s derived by Anderson16 were ad­

justed by the national consumer price index to obtain appropriate deflat­

ors for 1971 and 1972. 
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Appendix B: Comparison of the Estimated Elasticities for 

Alternative Assumptions on End-Use Efficiency 

This appendix presents a detailed comparison of various sets of 

elasticity estimates using alternative assumptions on end-use efficiency. 

As ~tated previously, the base case assumed efficiency factors of 1.0 for 

electricity, 0.55 for natural gas, and 0.5 for petroleum products. Four 

other alternative assumptions were made for comparison. Based on these 

alternative assumptions, the model was re-estimated and elasticities were 

computed at the mean values using the formulas presented in the text. 

Table B.l compares the aggregate demand elasticities, and Table B.2 

presents the aggregate demand elasticities with respect to individual 

fuel prices. The conventional demand elasticities are detailed in 

Table B.3. The results show that the model is extremely insensitive 

to the assumptions used within the range of uncertainty. However, there 

exist some regularities. 
~~ 

For example, in.Table B.l it is found that the 

larger the efficiency factors are for natural gas and oil, the smaller 

the price elasticity and the greater is the income elasticity. 
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Table B.l. Comparison of aggregate 
demand elasticities 

Assumed efficiency Energy _price, 
conversion factor 1 n lQ__L Natural gas Oil aP -

0.4 0.4 -0.71 

0.5 0.5 -0.71 

o.55a 0.5a -0.70 

0.6 0.6 -0.70 

0.8 0.8 -0.68 

aBase case. 

Income, 

.£.9. p 
ar -

0.38 

0.40 

0.41 

0.41 

0.44 

Table B.2. Comparison of aggregate demand elasticities 
with respect to individual fuel pricesa 

Assumed efficiency 
conversion factor 1 n Electricity Natural Oil 
Natural -gas Oil price gas price price 

0.4 0.4 -:0.159 -0.225 -0.248 

0.5 0.5 -0.081 -0.238 -0.286 

0.55b o.5b -0.054 -0.264 -0.270 

0.6 0.6 -0.020 -0.249 -0.318 

0.8 0.8 0.068 -0.261 -0.366 

~ese elasticities are defined as 

b Base case. 
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Table B.3 Comparison of the conventional demand 
elasticities for individual fuels 

Assumed efficiency 
conversion factor, n 
Natural gas Oil 

0.4 0.4 

0.5 0.5 

0.6 0.6 

0.8 0.8 

Type of fue 1 . 

Electricity 
Natural 
Petroleum products 

Electricity 
Natural gas 
Petroleum products 

ilootric~ty 

Natural gas 
Petroleum products 

F.l.ectrici ty 
Natural gas 
Petroleum products 

Electricity 
Natural gas 
Petroleum products 

~e price elasticities are defined as 

for j, k = 1, 2, 3. 

b The income elasticity is defined as 

cBase case. 

Electricity8 Gas a 

price price 

-1.385 -0.045 
0.918 -1.509 
0.219 0.801 

-1.444 -0.027 
0.931 1.502 
0.194 0.781 

-1.461 -0.015 
0.919 -1.495 
0.215 0.806 

-1.486 -0.011 
0.946 -1.498 
0.179 0. 768 

-1.559 0.020 
0.959 ., -1.489 
0.150 0.755 

0118 

price Income b 

0.237 0.731 
0.597 0.704 

-1.617 -0.325 

0.280 0.824 
0.557 0.693 

-1.615 -0.276 

0.290 0.856 
0.50!! U.b'JH 

-1.608 -0.293 

0.320 0.910 
0.523 0.691 

-1.615 -0.236 

0.297 1.057 
0.473 0.694 

-1.612 -0.169 
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