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Abstract
This paper decomposes US energy use from 1988 to 1998 and attributes the changes in energy use to three underlying factors:
activity, structure, and intensity. For this study we use a bottom-up methodology, by separately decomposing delivered energy use in
six sectors: travel, freight, manufacturing industries, non-manufacturing industries, residential, and services. The most commonly
used indicator of energy eﬃciency in the total economy, the ratio of energy consumed to unit of GDP (E=GDP) created can often be
misleading. The rapid decline in the E=GDP ratio in recent years has been used to support assertions that the internet and
information technologies in general have enabled improvements in energy eﬃciencies. However, our disaggregate analysis suggests
that energy intensities on average are falling more slowly than ever before while actual energy use increased faster than at any time
since 1970. The decline in the E=GDP ratio in the mid- to late 1990s owes much more to structural changes in the demand for energy
services than to falling energy intensities. r 2001 Published by Elsevier Science Ltd.
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1. Introduction
There is no question that the relationship between
energy use and economic activity in the US has
undergone many transformations since the ﬁrst oil
crisis. In a recent study for the Department of Energy,
we examined US energy use during the period from 1970
to 1994 (Murtishaw and Schipper, 2001). Using index
decomposition it was demonstrated that reductions in
energy-use intensities reduced overall delivered energy
use by some 1.7%/yr between 1973 and 1985. Following
the drop in oil prices in the mid-1980s, however,
intensities began to fall more slowly, particularly for
light-duty household vehicles, buildings in the services
sector, and manufacturing industries.
This study extends our decomposition analysis of
total annual US energy consumption to 1998 using
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recently released data for the manufacturing and
services sectors. We focus on changes in delivered
energy use during the 10-yr period from 1988 to 1998,
which provides an interesting case study of energy use in
the US economy. Between 1988 and 1992 the US
economy experienced a recession with real GDP growth
averaging only 1.2%. In contrast, between 1992 and
1998 GDP increased 3.6%/yr, driven largely by explosive growth in information technology (IT) related
industries.
Much has already been written about the implications
of the ‘‘new’’ information economy and its impact on
energy and materials use (Romm et al., 1999 and
references therein). Some reports have focused on the
marked fall in recent years of the ratio of energy use to
GDP (E=GDP), a common indicator of economy-wide
eﬃciency. Our study uncovers the underlying trends that
aﬀect E=GDP and presents a disaggregated analysis by
sector. The approach we employ is a decomposition
method that isolates the impacts of changes in activity
levels, structural aspects of the economy, and energy
intensities on energy use within each sector of the
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economy. We also demonstrate that reliance on the
E=GDP ratio alone does not accurately measure how
energy–economy relationships in the US economy are
changing. This report seeks to clarify the recent debate on
eﬃciency trends in the US and demonstrates the
importance of disaggregated analysis in the study of
changes in total national energy consumption. To our
knowledge there is no other comprehensive disaggregated
analysis of US energy uses in recent years as yet available.
If the information economy were having a signiﬁcant
impact on energy use in the US economy, certain energy
end uses would be expected to rise or fall relative to the
others. For example, freight activity, particularly for
non-bulk items sent by trucks or air, may increase as
more consumer products are ordered over the web and
as more internet-based supply management enables a
greater use of just-in-time delivery. A second probable
eﬀect is that electronics manufacturing, which generates
a relatively large amount of value added per unit of
energy use, would account for a greater share of value
added in manufacturing and thus lower the aggregate
intensity of the manufacturing sector. Finally, the use of
IT in business could increase productivity of all factors,
by facilitating communication and coordination of
activities and enabling some business to exist in largely
virtual space, thus requiring less physical space to store
or display products. These latter productivity eﬀects are
diﬃcult to capture without a disaggregated level of
analysis beyond the scope of this report. While this
report will attempt to address an analysis of the ﬁrst two
factors, the discussion involving enhanced productivity
will by necessity be limited to energy use trends that can
only suggest whether the internet economy, and IT more
generally, are having such an eﬀect.
We provide an overview of the changes in total and
sectoral energy use that occurred between 1988 and 1998
in Section 2. Detailed analyses of energy use by sector
and decomposition of changes in energy use into
structural and intensity eﬀects are presented in Section
3. Sector-speciﬁc data and methodological issues are
also provided at the beginning of each corresponding
subsection. For space considerations, we omit discussion of the non-manufacturing industries sector (agriculture, mining, and construction), which only
consumed about 6% of 1998 total ﬁnal energy (see
Murtishaw et al., 2000, for a study of the nonmanufacturing industries). Section 4 returns to a review
of energy use across the entire economy, this time
decomposed to isolate true energy savings due to
declines in energy intensities from changes in energy
use driven by structural changes. Finally we summarize
our ﬁndings in Section 5 and provide concluding
thoughts on how IT may or may not be contributing
to energy savings in the US economy. We refer readers
to Murtishaw and Schipper (2001) for detailed descriptions of the methodologies employed in constructing our

indicators and decomposing the trends in the time series.
In addition, that report provides a comprehensive list of
the principal data sources used for the energy consumption and structural indicators.
The approach used is not new. Schipper et al. (1990)
carried out a similar analysis of the US through the late
1980s. Schipper et al. (1993) applied the techniques ﬁrst
to Denmark, then to Sweden. Schipper et al. (2001)
applied the AWD indices to energy use in Australia. The
Oﬃce of Energy Eﬃciency Oﬃce of Natural Resources
Canada (OEE, 2000) applies similar techniques each
year to measuring changes in energy use in Canada.
Earlier eﬀorts (Golove and Schipper, 1997; Schipper
et al., 1997b) extended the economy-wide analyses to
carbon emissions ﬁrst to the US and then for a number
of IEA member countries.

2. The big picture: total energy use in the US economy
Fig. 1 depicts the trend in the E=GDP indicator from
1988 to 1998, disaggregated by 11 major subsectors. The
chart shows that this indicator has continued to decline,
from over 9 megajoules (MJ)/$ to about 8 MJ/$, a total
drop of 14%. However, the average annual rate of
decline fell from 2.2% during the period from 1970 to
1988 to 1.5% from 1988 to 1998. The change in energy
use was not consistent among all of the sectors. The ﬁnal
two bars in Fig. 1 depict the shares of energy use
accounted for by each of the 11 end uses. It is clear from
these two bars that the shares of residential space
heating, heavy manufacturing, and services fuel consumption fell signiﬁcantly during this period. In
contrast, energy consumption by freight trucks, light
manufacturing, other residential end uses, and other
travel modes (principally air travel) gained shares of
total delivered energy use. The top line in Fig. 1
represents the total use of primary energy per GDP.1
This indicator fell from 12.6 to 11.5 MJ/$, a roughly
10% drop in primary intensity. This is somewhat less
than the decline in delivered energy per GDP because
both the share of electricity in the fuel mix grew and
there was a slight increase in the primary coeﬃcient.2
These trends in both delivered and primary energy
consumption per GDP would seem to indicate some
success in energy eﬃciency improvements in the US
1
Note that the ﬁgure for primary energy used for this indicator is
based on a bottom up calculation of our six energy-using sectors and
not the oﬃcial totals from the Energy Information Administration.
Our ﬁgure is generally about 10% lower that EIA’s total primary since
our bottom up calculation does not include energy sources used as
feedstocks, oil reﬁneries’ own consumption, and some miscellaneous
energy uses (military, natural gas pipelines, etc.)
2
The primary coeﬃcient is the amount of primary energy consumed
by utilities for every unit of electricity (or heat) delivered to the end
user. We determine this coeﬃcient using energy balances from the
International Energy Agency.

