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The demand for energy is normally broken down into five sectors: 
industry, utilities, the residential sector, the commercial sector, and trans
portation. Industry is the most heterogeneous of these with manufacturing 
accounting for about 80 percent of total industrial energy demand. Manu
facturing is itself a very heterogeneous collection of production activities. As 
defined by the Standard Industrial Classification (SIC) method of the U.S. 
Department of Commerce, there were 448 manufacturing sectors in 1972. 
This diversity within the manufacturing sector has hampered research efforts 
to formulate a manageable, yet convincing, model of manufacturing energy 
demand for explaining historical data and making projections. 

This paper focuses on two key components or indicators of trends in 
manufacturing energy demand: (1) changes in real energy intensity due to 
improved efficiency as measured by the amount of energy used per unit of 
manufacturing output (e.g., the amount of electricity or fuel used per ton of 
steel or dollar of equipment produced) and (2) sectoral shift, that is., changes 
in the mix of industrial output from energy-intensive to nonenergy-intensive 
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sectors. Change in aggregate energy intensity, the ratio of total energy use to 
total manufacturing production, is the sum of the growth rates in these two 
indicators. A historical analysis has been carried out to identify these indicators 
separately for fuels and electricity. 

The discussion of sectoral shift presents our results on the following issues: 
(1) the level of the economy at which sectoral change has occurred; (2) the 
differences in the effect of sectoral shift on fuel and electricity intensity; and 
(3) the differences in sectorial shift trends before and after the 1974 oil 
embargo by the Organization of Petroleum-Exporting Countries (OPEC). 

Our purpose is to describe the pattern of sectoral shift; no attempt is made 
to disentangle the potential causes of the shift. However, several causes of 

' sectoral shift have been postulated and seem to fall into five basic categories: 
trends in consumer demand for manufactured products (e.g.. differentials in 
income effects); trends in technology (the design and manufacture of 
products); changes in the inputs used to manufacture products; international 
trade patterns; and the differential impacts of rising relative energy prices on 
costs (and hence output prices). Energy-intensive industries are more 
sensitive to energy prices. 

The plan of the paper is to examine first the previous studies of sectoral 
shift for the United States and other nations to discover i f there is an 
emerging consensus concerning key facts. Then the empirical analysis of the 
United States for 1967-1981 is conducted. Our method for conducting the 
analysis the Divisia index method. In this method, the weights in the index 
numbers change over time instead of remaining fixed. Previous studies of 
sectoral shift have employed fixed-weight index numbers. 

! REVIEW OF SELECTED STUDIES 

This section reviews the studies of the sectoral shift phenomenon as 
• it pertains to manufacturing energy demand and in so doing introduces the 
basic notions used in research on the topic. Four studies from the United 
States and four more international studies are included. Although we have 
tried to be thorough, this should not be considered a comprehensive literature 
review. 

Studies of the United States 

i A 1978 study of the sectoral shift hypothesis—that is a significant portion of 
• the reduction in aggregate energy intensity is due to sectoral shift—was done 
by Myers and Nakamura (1978). They examined data from the Census of 
Manufactures for constant-dollar value added (using a gross national 
product [GNP] deflator) and purchased energy in manufacturing for 1967 

! 

- - * 



separating the Changing Composition of U.S. Manufacturing / 79 

and 1974-1976. They disaggregated the manufacturing sector into two com
ponents: (1) the eight four-digit SIC industries that are the largest energy 
users and (2) the rest of manufacturing. These eight, (two paper industries, 
two chemical industries, petroleum refining, hydraulic cement, basic steel, 
and primary aluminum) accounted for about 47 percent of purchased energy 
in manufacturing in 1976. Given this disaggregation of manufacturing into 
two sectors, the effect of sectoral shift on energy demand can be separated 
from that of improvements in energy efficiency. 

The data obtained by Myers and Nakamura show that a 10.83 percent 
decline in energy intensity occurred from 1967 to 1976 (from 43.5 to 38.3 x 

• lO'Btu/S). Very little of this decline can be accounted for by a relative shift 
' away from the eight industries with high energy intensities. Of the total value 
' added in manufacturing, these eight industries accounted for 10.37 percent in 
1967 and 10.21 percent in 1976. Of that 10.83 percent decline in energy 
intensity, only 0.62 percent can be attributed to the change in output mix, as 
measured by Myers and Nakamura. The remaining 10.21 percent reflects 
general efficiency improvements in the use of energy and/or changes in output 
mix within the rest of manufacturing. On the other hand, for the years 
immediately after the oil embargo (1974 to 1976), a 4.25 percent decline 
occurred in aggregate energy intensity, of which 1.35 percent can be attributed 
to the sectoral shift effect. This is about 32 percent of the decline in energy 
intensity in total manufacturing. 

Research by Marlay (1983) was devoted to the development of four data 
bases: 

1. Time series data on industrial production for 475 economic sectors in 
manufacturing (413), mining (59). agriculture (2), and construction (1) 

'2. Energy consumption data by industry for 1967 
3. Economic and input data by industry for 1967 
4. Time series data on energy consumption by the aggregate of manufactur-

i ing and mining 

Marlay's work is particularly notable for his time series data on energy 
consumption for the aggregated manufacturing and mining sector. Because 
the Census of Manufactures and the Census of Mineral Industries exclude 
nonpurchased fuels and petrochemical feedstocks from enumerations of 
•energy consumption, Marlay constructed his own data series on total energy 
use using available from the DOE Energy Information Administration (EIA) 
iand reconciled them at comparable points with the Census data series, 
j Marlay's key results pertain to the period 1972 and 1980. He found that, 
ifor manufacturing and mining combined, the energy consumed per dollar of 
lvalue added declined by 16.5 percent. Of this amount, 5.9 percent (equivalent 
jto 35.9 percent of the change) can be attributed to sectoral shift among 
'the 472 manufacturing and mining sectors. Indeed, more recent studies by 
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Marlay (1984, 1985), in which the results are updated to 1982 and 1984, 
suggest that up to half of the apparent reduction in energy intensity over 
these longer periods since 1972 can be attributed to sectoral shift. These 
results are even more striking in the case of electricity, where sectoral shift 
share accounts for 67 percent of the reduction for the period 1972 to 1984. 

A more recent study of shifts in product mix versus changes in energy 
intensity as determinants of energy consumption in manufacturing was con
ducted by Samuels et al. (1984). Their study covered 1975 to 1980. They 
decomposed the manufacturing sector into the 448 four-digit SIC industries. 
Purchased fuels and electricity data were obtained from the U.S. Bureau of 
the Census, Annual Survey of Manufactures, and output was measured by the 
•value of shipments (gross output) in 1972 dollars. The total reduction in 
energy used per dollar of shipments from 1975 to 1980 was decomposed into 

' ( ] ) the reduction brought about by shifts away from energy-intensive sectors 
and (2) the reduction due to improvements in energy efficiency. The authors' 
use of four-digit SIC industries makes their level of disaggregation correspond 
to that used by Marlay. 

They showed that most of the change in energy intensity (energy used per 
dollar of shipments) from 1975 to 1980 was due to improvements in energy 
efficiency and not to changes in product mix.' Product mix changes account 
for 23.4 percent (5.1 percent out of 20.9 percent) of the reduction in total 
energy intensity and only 8.1 percent (0.7 percent out of 8.6 percent) of the 
reduction in electricity intensity. This estimate is somwhat smaller than the 
35.9 percent figure obtained by Marlay (1983). The authors say these results 
are consistent with those obtained by Marlay, who used a more complex 
approach in terms of data sources and data manipulation. 

Werbos (1984) recently presented a summary of studies of energy con
sumption in manufacturing conducted by the EIA. In the EIA work, the 
manufacturing sector was disaggregated to 18 sectors, and the years 1974 to 
T981 were examined. Output data were taken from the U.S. Bureau of Labor 
Statistics, Time Series Data for Input-Output Industries. The data for total 
energy consumption in the manufacturing sector are indexes of energy use 
derived from the data in the Annual Survey of Manufactures and the Census 
of Manufactures. The data from these documents exclude fuels used as 
feedstocks and fuelds roughly corresponding to captive fuel (i.e., petroleum 
products diverted from the product stream for fuel use in refineries and 
chemical plants and metallurgical coal used to make coke). 

Werbos' results show that from 1974 to 1981 there was a 17.2 percent 
i decline in energy intensity in manufacturing. Of this amount, 5.7 percent 

1. A potential problem with this study is that 1975 was a recession year, so that 1975 is out 
of line with the trend established in other years. 
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(equivalent to 33.1 percent of the total decline) can be attributed to sectoral 
shifts among the 18 manufacturing sectors. This 33.1 percent figure is remak-
ably close to the 35.9 percent produced by Marlay for 1972-1980. However, 
Werbos disaggregated manufacturing only to 18 sectors rather than to the 
475 (for manufacturing and mining) examined by Marlay. 

Werbos' results are sensitive to his choice of an energy aggregate. In 
particular, when electricity and fuels are aggregated, the choice of weights in 
critical. When weighting is done by energy price instead of end-use Btu, 
Werbos finds that sectoral shift accounts for closer to 50 percent of the 
change in energy expenditures. 

Studies of Other Countries 

A study of Sweden by Ostblom (1982) for 1973 to 1978 revealed that the 
decline in the energy-output ratio was caused entirely by sectoral shift. 
Ostblom's study disaggregated total gross output to 24 sectors, and he 
included nonmanufacturing sectors (mining, agriculture, wholesale and retail 
trade, utilities, forestry, finance, transportation and communication, con
struction, and heating of dwellings) in the analysis. 

A study similar to ours was done by Jenne and Cattell (1983) for manu
facturing in the United Kingdom between 1968 and 1978. They used two 
levels of disaggregation. First, they disaggregated total manufacturing into 
nine broad categories and then further disaggregated these categories into 
104 industries. Their data cover about 90 percent of all manufacturing in the 
United Kingdom. 

The results for 1973 to 1978 indicate a 12.5 percent decline in their measure 
of energy use per unit of output. Real energy intensity improvements accounted 
for 5.7 percent of this decline (equivalent to 45.6 percent of the change). Of 
the remaining 6.8 percent decline, sectoral shift at the nine-category level 
accounted for 4.2 percent (equivalent to 33.6 percent of the change), while 
sectoral shift among industries within the nine categories accounted for 2.6 
percent (equivalent to 20.8 percent of the total change). Without the dis
aggregation to the 104-sector level, it would have presumed that the real 
energy intensity change was 8.3 percent (or 66.4 percent of the total change). 
Thus this additional level of disaggregation result in a 62 percent incease 
(2.6/4.2) in the estimate of the sectoral shift effect. 

A recent study by Sterner (1985) covering Mexico from 1970 to 1975 
reveals that the increase in energy intensity in manufacturing that took place 
over this period was a result of increases in energy intensity in individual 
sectors. Sectoral shifts had little or no eflTect. Mexican policy during this 
period was to subsidize energy consumption to stimulate industrialization. 
Thus it might have been expected that energy-intensive sectors would have 
grown more rapidly than other sectors. But no such general pattern emerged. 

i 
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Other factors (such as low demand growth) caused the energy-intensive 
sectors as a group to grow a bit more slowly that other industries. 

Fujime (1985) reports some preliminary calculations of the effect of sec
toral shift on Japanese manufacturing during the period 1979-1983. He 
reports that about one-third of the decline in energy intensity is attributable 
to sectoral shift. No details were given on the sectors considered, aggregation 
levels, and so forth. 

Summary and Conclusions 

An examination of several empirical studies reveals that about one-third of 
the reduction in energy intensity in manufacturing from 1972 or 1973 to 1980 
or 1981 in the United States can be attributed to shifts in product mix. The 
studies of other countries reveal that sectoral shift is a more important cause 
of the reductions in the energy-output ratios in Sweden and the United 
Kingdom than in the United States. However, the examination of Mexico 
showed that the increase in energy intensity there did not result from sectoral 
shift. 

The U.S. studies reviewed are in remarkable agreement on contribution of 
sectoral shift, given the different output and energy aggregates they 
employed, as well as the different time periods. What is not clear from these 
studies is the extent of disaggregation of the manufacturing sector needed to 
observe significant sectoral shift. The levels of disaggregation represented in 
the 4 studies vary from 2 (Myers and Nakamura) to 448 (Samuels et al). Is 
it really possible to capture the extent of sectoral shift with two sectors? This 
ideas seems dubious, but it may not be necessary to disaggregat to 448 sectors 
to capture much of the shift. One should not compare the sectoral shift from 
different analyses with different energy and output measures to determine the 
proper level of disaggregation. The next section presents our preliminary 
research on this question. 

i HISTORICAL SECTORAL SHIFT IN 
MANUFACTURING IN THE 
UNITED STATES 

i Here the contribution of sectoral shift to observed (i.e., historical) 
'variations in aggregate energy intensity is estimated at alternative levels of 
•disaggregation of the manufacturing sector. Our purpose is to enhance 
• understanding of real-energy productivity increases, disentangled from shifts 
in the composition of output. The findings will help answer a question—how 

!much energy intensity change (as indicated by the energy-output ratio over 
; time) is due to real changes in energy use efficiency at the microeconomic level 
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and how much lo a change in production mix away from energy-intensive 
products? The extent of disaggregation needed to capture the sectoral shift 
effect will also, be determined. 

Levels of Disaggregation 

The five most energy-inensive manufacturing industries are paper and allied 
products (SIC 26); chemicals and allied products (SIC 28); petroleum refining 
(SIC 29); stone, clay, and glass (SIC 32); and primary metals (SIC 33). In 
1980 these five industry groups accounted for 24 percent of the gross output 
in manufacturing and about 80 percent of the total energy use in manufactur
ing (Ross, 1984a). The basic notion of the sectoral shift hypothesis is that a 

; major part of the historical decline in manufacturing energy use can be 
accounted for by a shift of manufacturing output away from these five 
energy-intensive industries. The first level of disaggregation used in this study 
was to two sectors: the above five industries and the rest of manufacturing. 

The next level of disaggregation was to use the two-digit SIC industry level. 
There are 20 such sectors (SIC 20-39). The five listed above constitute the 
materials sector, and the others constitute the nonmaterials sector." The final 
level of disaggregation was to break down three of the industries in the 
materials sector into their component parts, (see Figure 1). This particular 
disaggregation is useful because pulp and paper mills and the organic and 
inorganic chemicals, basic steel, and aluminum industries have higher levels 
of energy intensity than do the rest of the industries in their same two-digit 
SIC code. This disaggregation is not the only one possible. Any shift that 
affects intensity within a two-digit sector other than SIC 26, 27, or 33 would 
be incorrectly measured as efficiency changes. Even at the nine-digit product 
^classification level, there could be unidentified product mix changes within 
idiverse industry groups such as chemicals and allied products. 
I 
Data Used 

I 
jThe approach used for this analysis was to construct a time series of index 
(numbers reflecting output, energy use, and several measures of energy inten-
isity and sectoral shift. The periods covered were the seven year pre-oil 
iembargo years (1967-1974) and 1974-1981. Our purpose was to see i f and 
jhow pre-embargo trends in energy intensity and sectoral shift changed after 
the embargo. 

2. The nonmaterials industry group produces final goods for consumers and capital goods for 
business. The materials-intensive industry goup producers intermediate products that are sold 
to other industries. 
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The data used for the pre-embargo period consisted of a single average rate 
of growth for each index. No annual data between 1967 and 1974 were used. 
From 1974 to 1981, annual data on energy use and value added were used. 
Rates of change were expressed in index number form with 1974 as the base 
year. 

In calculating energy intensities, the measure used for output was census' 
real value added, deflated by the implicit GNP price deflator (1972 dollars). 

; Energy use was also taken from census data and reflects purchased energy 
only. The units of measure were British thermal units for fossil fuels and 
Ikolowatt-hours for electricity. 

Decomposition of Aggregation Energy Intensity 

! Variations in aggregate energy intensity were decomposed into real improve-
iments in energy productivity at the mcroeconomic level (measured by real 
!energy intensity) and changes in the composition of output (i.e., sectoral 
shift). These components were formally defined for the analysis as follows: 

1 
I Real energy intensity: the (weighted) average of the energy intensities of 
; separate sectors, equivalent to the real change in energy intensity 
i that remains when output mix effects are removed from the aggregate 
i measure. 
I Sectoral shift: the total contribution of changes in output mix to changes 

in aggregate energy intensity. This index was split into three com
ponents: 

—5,: the shift in shares between the materials and nonmaterials industry 
i groups (referred to as intergroup shift for convenience) 

—Sj; the shift among two-digit industries within the materials or non-
! materials groups (referred to as intragroup shift for convenience) 
I — S 3 : the shift within two-digit SIC materials industries, for example, 
I between iron and steel making (331) and the rest of SIC 33 (referred to 
i as intraindustry shift) for convenience) 
i 
; The 5, component is the marginal contribution to structural shift at the 
two-digit industry level once the shift from the materials to the nonmaterials 
group has been taken into account. That is, 5, captures share shifts within 
both the materials and the nonmaterials group. The S) component allows for 
the possibility of downstream shift, which has been discussed by Boyd et al. 
(1985). Downstream shift refes to a shift in output shares within a sector 

i toward higher-value-added, finely fabricated, or specialty products and away 

3. Referring to data from the U.S. Bureau of the Census, Census of Manufactures and Annual 
\ of Manufactures (various years). For convenience, data from these sources are referred 
I to hereafter simply as census data. 
t 
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Figure 2. Fuel intensity decompos i t ion (based on census va lue-added data in 

1972 dol lars). 

from production of energy-intensive basic materials. The 5, component may 
capture some downstream shift because the more energy-intensive industries 
are considered separately from the rest of the two-digit sector lo which they 
belong. 

Sometimes it is useful to combine the components of structural shift. I f S, 
and S, are combined, the results is total sectoral shift due to output share 
changes at the two-digit SIC industry level. The combination of 5, and S^can 
be thought of as interindustry shift. In comparison, intraindustry shift 5, is 
the marginal contribution of shifts within two-digit industries once shifts 
between two-digit industries are full accounted for. 

The recommended approach for decomposition of aggregate energy inten
sity is the Divisia index. The Divisia index is a popular tool for constructing 
price indexes in the energy economics field. This index is constructed from 
growth index and is superior lo simple fixed-weight index numbers. (For a 

.derivation of the Divisia decomposition, see the appendix.) The index numbers 
presented below are multiplicative, for example., the index for aggregate 
.energy intensity equals the index of sectoral shift times the index of real 
energy intensity. The property amounts lo additive growth rales. 
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Figure 3. Componen ts of sectoral shift for fuel intensity decomposi t ion (based on 

census va lue-added data in 1972 dol lars) 

Historical Trends in Energy Intensity 

The results obtained from decomposition of the historical data on electricity 
•and fuel intensity are discussed below. Electricity and purchased fossil fuel 
are treated separately to avoid the problems that arise when they are aggre
gated together. Also, the effect of sectoral shift may be more different for 
electricity intensity than for fuel intensity. This approach does not shed much 
light on the phenomenon of fuel shifting. That is, i f electric intensity is rising 
and fuel intensity is falling, how much of those two trends is a switch in fuels? 

Fuel intensity 

; Figure 2 presents the indexes of aggregate and real energy intensity over time. 
iReal energy intensity fell approximately 3.3 percent/yr in the pre-embargo 
jperiod. This improvement was somewhat offset by a small shift toward 
ienergy-intensive manufacturing, causing the aggregate index to show less 
iimprovement than it otherwise would. Part of the reason for this sectoral 
i shift was the strong growth in primary metals from 1967 to 1974. During the 
i 
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Figure 4. Effect of a ton-versus do l lar -va lue measure of output of fuel intensity 

decompos i t ion (based on 1972 dol lars). 

1974-1975 recession, both aggregate- and real-energy intensity rose sharply, 
due to a short-run capacity utilization effect. That is, i f output falls but energy 
use does not fall proportionately, the energy-output ratio rises. This effect is 
quite pronounced in energy-intensive industries (Boyd, el al. 1985). 

During 1974-1981, the sectoral shift caused real-energy intensity improve
ments to be less than the aggregate index would suggest. Also, the trend 
toward energy-intensive output reversed. The total sectoral shift effect 
increased by an average of 1 percent/yr until 1974, when it began to decline. 
This annual decline ( — 0.7 percent) was only slightly less than the average 
:annual increase over the first seven-year period; thus, the impact of 
the 1967-1974 shift toward energy intensiveness was nearly eliminated by 

;1981. 
j Figure 3 shows the movement of the components that comprise sectoral 
shift. Almost all of the shift is explained by intergroup shift, S,. As with the 

i total shift, 5| rises in the pre-embargo period and general falls thereafter. The 
1 pre-embargo rate was about 0.8 percent/year, while the postembargo rate 
(was an average of —0.7 percent/year. However, S, rose by more than 3 
percent in 1979, when manufacturing reached its postembargo peak. This 



Figure 5. Electr ici ty intensity decompos i t ion (based on census va lue-added in 

1972 dol lars). 

shows that the recovery of materials industries would tend to raise energy 
intensiveness, had efficiency not been improving. 

The intragroup shift, 5,, contributed little to changes in every intensive
ness. Between 1975 and 1979, a gradual 0.3 percent/year increase occurred 
but was followed by a decline of about 0.5 percent/year in 1980 and 1981. 
Shifts in production within the materials and nonmaterials groups may have 
occurred, but they contributed little to the aggregate measure of energy 
intensiveness. Intraindustry shift, Sj, was also small. This is not surprising 
since only three industries in our disaggregation scheme (paper, primary 
metals, and chemicals) contribute to this measure. However, these are indus
tries for which significant downstream shifts (i.e. shifts of value added to the 
advanced stages of processing) have been found in other studies (Ross. 
1984b). The Sj trend reverses after the embargo, as does the total sectoral 
shift. The average growth rate during 1974-1981 was about —0.3 percent/ 
year, roughly offsetting Si. 

Returning to the shift-corrected measure of real-energy intensity change, 
it is possible to remove some of the problems of measuring output as 
value-added and thereby derive a measure of efficiency change that is more 
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Figure 6. Componen ts of sectora l shift for electr ic i ty intensity decompos i t ion 

(based on census va lue-added data in 1972 dol lars) . 

closely related to changes in physical production. By replacing the value-added 
output measure with an index of physical production for each of the materials 
industries (Ross, 1984b), we obtain a measure of real-energy intensity change 
based on tonnage production rather than on dollar-value production (see 
Figure 4). The tonnage-based trend in real-energy intensity declined steadily 
over the entire time period at a rate of approximately 2.2 percent/year. 

Electricity Intensity 

The overall picture for purchased electricity is quite different from that for 
i fuels (see Figure 5). The pre-embargo period was characterized by an 
i aggregate 2 percent/year electrification trend. This trend was composed of a 
jo.9-percent shift toward electricity-intensive industries—a sectoral shift very 
!similar to that for fuel—and a 1.1 percent change in real-energy intensity. 
iBoth the aggregate and real electricity intensities exhibit pronounced capacity 
(Utilization impacts in 1974-1975 and again in 1980-1981. Because of these 
.large recessionary effects, the trend in aggregate electricity intensity is 
uncertain. On the average, real electricity intensity grew moderately between 
;1974 and 1981. However, there were sharp increases in intensity during 



0.8-

0.7 I 

1965 1970 1975 1980 1985 

Year 

Figure 7. Effect of a ton- versus do l lar -va lue measure of output for electr ici ty 

intensity decompos i t ion (based on 1972 dol lars). 

1974-1975 and 1980-1981. In the period between 1975 and 1979, the index 
was falling. The difference between aggregate and real-energy intensity 
growth is on the average about 1 percent in the postembargo period. This 
difference represents sectoral shift away from electricity-intensive industries, 
a marked reversal of the pre-embargo trend. Again, the shift effect is similar 
to that for fuel. 

The general pattern of movement of the components of sectoral shift in 
relation to electricity intensity is similar to that for fuel intensity (see Figure 
6). During the pre-embargo period, the intergroup shift, 5,, comprises most 
of the sectoral shift, growing at slightly more than 0.5 percent/year. The 
intragroup shift, Si , and the intraindustry shift, Sj, are small. In the post-
embargo period, however, the S, and Si components each contribute an 
average of —0.5 percent/year to the total sectoral shift. As in the fuel 
intensity case, the 1979 recovery brought about an increase in energy 
intensity due to shifts from the nonmaterials to the materials industries. 

When a physical output index is used to measure materials industry 
output, a larger pre-embargo electrification trend is revealed than when a 
dollar-value index is used (see Figure 7). The electricity data show capacity 
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utilization effects in both 1975 and 1980-1981, while the corresponding fuel 
data do not. This suggests that real electricity intensity (i.e., of physical 
output) is affected by economic downturns. In the short run. electricity-using 
capital equipment may be less flexible than fossil-fuel-using capital equip
ment; that is pumps, fans, and conveyors may continue to be run in low-
production situations. 

SUMMARY AND CONCLUSIONS 

Our analysis of the historical data for 1967-1974 and 1974-1981 
reveals the following: 

1. For purchased fossil fuels, the sectoral shift effect essentially is captured 
by disaggregation to only two sectors (materials and nonmaterials indus
try groups). The change in aggregate energy intensity from 1974 to 1981 
was 20.5 percent, of whcih 7.0 percent (equivalent to 34.1 percent of the 
change) can be accounted for by sectoral shifts, as we have measured 
them. Of this 7.0 percent, 5.6 percent can be attributed to shifts away from 
the materials sector. Thus about 80 percent of this sectoral shift (as we 
measure it) is captured by a two-sector disaggregation. 

2. For purchased electricity, the sectoral shift effect is slightly different. 
There is evidence of shifts among the materials and nonmaterials industry 
groups during 1974-1981. The total sectoral shift, as we have measured 
it, resulted in a 9.0 percent decline in an otherwise rising aggregate 
electricity intensity in manufacturing during 1974-1981. The shift away 
from the materials industries accounted for a decline in electricity intensity 
of 4.0 percent, and the shifts among the two-digit materials and non-
materials industries accounted for another 4.8 percent decline in electricity 
intensity. Real electricity intensity in manufacturing as a whole increased 
somewhat during 1974-1981 (i.e., electrification). 

3. The change in sectoral shift trends before and after the embargo is large 
(see Table 1). In particular, the share of total output attributable to 
energy-intensive industries increased before the embargo but declined 
afterwards. For both fuels and electricity, the net change in the sectoral 
shift rate was about —2 percent/year. 

We conclude that it is important to examine purchased fossil fuels and 
electricity separately. This is because the historical trends differ and because 
different levels of disaggregation are needed to capture sectoral shift. We also 
think that disaggregation beyond the two-digit SIC code level may not be 
necessary to capture the major post-1974 sectoral shift effects in fuel use. 

Regarding the level of energy intensity and sectoral shift found in this 
study and those reviewed, a few caveats are appropriate. First, sectoral shift 
is quite sensitive to the way manufacturing output is measured; this is a 
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Tab le 1. T rends in Real-Energy Intensity and Sectoral Shift before and after 

the 1974 O i l Embargo (ninety-six/year change) 

Fuel ileclricily 

Trend Indicators Use Use 

Real energy intensity' 

Pre-embargo -1.9 + 2.0 

Postembargo -2.9 

Difference -1.0 <o'' 

Sectoral shift impact 

Pre-embargo + 0.9 ^-0.8 

Postembargo -1.0 - 1 . 3 

Difference - 1 . 9 - 2 . 1 

'Calculated using tons (rather than dollar value) as the measure of output. 

''No clear trend is apparent. 

significant difference between the various studies. Second, we examine a 
rather short time period, as do most other studies we reviewed. Some pre
liminary work on sectoral shift has been performed by Swezey (1986), using 
a longer data series. This may provide a different perspective on the 
phenomenon. 

Our paper has presented substantial empirical support for the hypothesis 
that sectoral shift in manufacturing production is an important factor in 
explaining changes in energy intensity. We also gave some preliminary con
clusions about the levels of disaggregation of the manufacturing sector 
needed to capture sectoral shift effects as they pertain to purchased fossil fuels 
and electricity use. The next step in developing economic models of this 
phenomenon is to consider the possible causes for the empirical results 
obtained in this and related studies. Researchers should then build formal 
models incorporating these factors so that hypotheses can be tested and 
empirical magnitudes established. 

APPENDIX 

Derivation of the Divisia Decomposition 

To see that a Divisia index can be constructed to decompose changes in 
energy intensity, we mirror the derivation of the usual Divisia price and 
quantity indices. With £, and Q, denoted as energy use and output in sector 
/, respectively, with £ and Q as their respective sums over all sectors, and with 
5, as the output share of sector /, we have the following: 



e = £ = 11. 
Q IQ. 

Differentiating Equation (1) witli respect to time, yields 

^ _ ^ ^e, SI _ ds, Ci 

di' 1 ~ ^ ' d i Y ^ , ^ ^ 1^, 

or 

d In je) _ _ d In (e,) ^ d In (s,) e^s, 

dt ' ^ dt T^^'^~drY^, 
Integrating Equation (5) gives the Divisia decomposition of the growth rate 
in aggregate energy intensity. 

, e(t) r/ „ ^ In (e,) ^ r< „ In {s,) , 

Finally, 

so that the weights in Equation (4) are energy shares. The growth rates 
obtained from Equation (4) may be used to define an index number for 
sectoral shift and real-energy intensity. 

; It is a straightforward extention of the above derivation to obtain the 
multiple levels of sectoral shift we wish to analyze. The decomposition of 
aggregate energy intensity relies on the simple identity; 

E = 'ZiEi/VA,){VAJVA2iXVA2JVAli)VAli (6) 
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where: E = aggregate energy use, 
£, = energy use in industry /, 

VA, = value added in industry /, 
VA,/VA2, = the ilh industry's share of the value added within its two-digit 

VA2,IVA\i = the two-digit industry's share of value added in the respective 
materials or nonmaterials industry group (where the two-
digit industry is the one in which industry / belongs), and 

VA\, = value added in the materials or nonmaterials industry group, 
whichever industry /' falls into. 

Industry / is defined at the lowest level of disaggregation. The groupings used 
to formulate these shares are illustrated in Figure 1. Dividing Equation (6) 
by the value added in manufacturing, VA, yields the basis for out decom
position: 

EjVA = Y{E,IVA,)iVA,IVA2,){VA2JVA\,){VA,/VA) (7) 

By weighting the changes in the shares of value added (shown in Equation 
17) with energy shares, we derived a measure of the contribution of sectoral 
shift (changing output mix) to aggregate energy intensity. The remainder is 
real improvement in energy intensity. 
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