
Part I

Introduction

OVERVIEW
Energy is a fundamental input into our economy,

essential for running the country’s factories, ship-
ping the Nation’s output, and ringing up the sales.
Energy is also a final product consumed by itself,
responsible for providing many of the comforts of
life that people have grown accustomed to: heat in
the winter, light at night, cool air in thesummer, and
mobility, to name a few. But the consumption of
energy has drawbacks as well. Energy use generates
pollution and can hurt our balance of trade while
making the United States vulnerable to foreign
pressures. i

Shifts in Energy Use and Gross Domestic
Product (GDP)

Given the critical role energy plays in our
economy, it is important that we understand how
energy use has changed with changes in our econ-
omy. Figure 1 gives an overview of this relationship.
After World War II, growth in our economy, as
reflected by GDP,ii and increases in energy, meas-
ured in British thermal units (Btu),iii appeared to be
in lock step. From 1950 to 1971, energy use and
GDP both increased at an average annual rate of 3.5
percent. Although deviations from this trend oc-
curred in the mid- 1950s and mid- 1960s, growth in
the two factors were highly correlated.l Economic
growth was assumed to be linked to increases in
energy use and public and private investments were
made that rested on this assumption.2

In the early 1970s, the apparent link between
increasing GDP and rising energy use came unrav-
eled. Between 1972 and 1985, 20 million homes
were added to the country’s housing stock, the fleet
of vehicles on America’s roadways increased by 50
million, the number of business establishments rose
by 1.5 million, and the GDP grew by 39 percent in
real terms.3 But energy use had remained basically

flat. Although the average growth rate of GDP was
2.5 percent per year over this period, energy use
increased at an annual rate of only 0.3 percent.4 The
energy intensity or units of Btu used to produce a
dollar’s worth of the economy’s output (GDP),
which was relatively flat from 1950 to 1971, fell by
2.4 percent per year from 1972 to 1985, resulting in
an overall drop in U.S. energy intensity of over a
quarter from 1972 to 1985.5

This trend of decreasing energy use per dollar of
GDP ended in 1986. From 1986 to 1988, the two
factors began to grow in parallel again with energy
use increasing at a 3.9 percent annual rate and GDP
growing at 4.1 percent. The energy intensity of the
U.S. economy fell at a meager annual rate of 0.2
percent between 1986 and 1988.

Purpose and Scope

The purpose of this report is to:

explore how this drop in energy intensity between
1972 and 1985 occurred,

why it stopped between 1986 and 1988iv and

briefly speculate about what is likely to happen in
the future.

The factors underlying this changing relationship
between energy use and the economy are important
for understanding the role energy plays in the
economy, how that role has changed, and how it is
likely to evolve in the future.

Tracing how the connection between changes in
energy use and changes in the economy has evolved
requires identifying specific factors that are critical
variables in the process. This report explicitly looks
at how changes in the level of overall spending, the
mixture of what is being purchased, international
trade, and how things are made (technology) affect
energy use.
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Energy use (Btu) and economic growth (GDP) grew in parallel from 1952 to 1971, causing the energy intensity (Btu/GDP) to be relatively
flat. After 1971, GDP continued to grow, but energy use stayed relatively constant, resulting in a decline in the energy intensity until 1988.
Due to an increase In energy use after 1985, the energy intensity stayed level from 1988 to 1988.
SOURCE: U.S. Department of Commerce, Bureau of Economic Analysis, National Income and Product Acoounts, table 1.2; U.S. Department of Energy,

Energy information Agency, Annual Energy Review 1987 table 4; and the Monthly Energy Review, August 19S9, table 1.4.

This separation is important because confusion
abounds over how the United States was able to keep
the economy growing during the 1970s and 1980s,
but hold energy use steady. Some observers attribute
the decline in Btu used per dollar of GDP solely to
increases in energy efficiency.6 This is only part of
the story. Factors such as changing tastes, incomes,
demographics, and international competition led to
a shift in the makeup of the economy’s output as
“smokestack’ industries’ position declined relative
to services and light manufacturing.7 This change in
the structure of the economy also led to less energy
used per dollar of output produced. Some of this
confusion between declining Btu per dollar of output
(energy intensity) and increased energy efficiency is
due to semantics and different assumptions. Part II

of this report describes in more detail the definitions
and analytic structure used in this analysis.

The bulk of the report focuses on the 1972-85
period when energy use stayed flat, but the economy
continued to grow (part III). Many other studies have
examined the relationship between energy use and
the U.S. economy during the 1970s and early 1980s,
focusing on the effect of energy efficiency and
industrial shifts within the economy on energy use.
This report is in general agreement with those
studies, but extends the analysis into several new
directions.8

One of these differences is that most previous
research focused exclusively on the industrial
sector of the U.S. economy—roughly 30 percent of
GDP.9 This study covers all sectors of the economy.

v Defined as the sum of the agriculture, mining, construction and manufacturing sectors.
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Technological advances in information process-
ing (computers, communications, robotics, etc.) are
changing the nature of the U.S. economy, making it
more complex and interdependent. For example, a
dollar spent on food ends up providing only 15 cents
to the sector that includes agriculture and 26 cents to
manufacturing. Forty cents of the dollar spent on
food is retained by services such as transportation
and retail trade, an additional 13 cents goes to
transactional services like banking, advertising, and
law.10 Information technologies have increased the
interdependence of these different sectors, creating
networks that link the consumer to the retailer, the
retailer to the manufacturer, and the manufacturer to
his suppliers.

11 In an economy such as thiS one,
conventional divisions that separate manufacturing
from services and the commercial sector from the
transportation sector, miss the interaction that occurs
between those components.

In a highly developed economy consisting of
innumerable interconnections, the role of energy is
less likely to be directly identified and is instead
more likely to be an indirect factor that was added
many steps before in the complex network that
connects producer to consumer. For example, to
assemble all of the motor vehicles made in 1985
required relatively little direct energy, about 0.23
quadrillion Btu (quads), but it required 1.22 quads of
indirect energy use because the materials used in a
car (steel, rubber, glass, plastic) require a lot of
energy in their manufacture and fabrication. Thus,
most of the energy associated with making a motor
vehicle is not at the assembly plant, but was added
a few steps before at the steel mill, tire plant, or glass
factory. From this perspective, a change in the
nonenergy inputs (e.g., material substitution) used to
make a product could indirectly affect energy use.
This report explicitly separates direct and indirect
energy use.

This division between direct and indirect energy
use is especially appropriate when the energy
associated with international trade is considered.
Most calculations presented in this analysis as well
as most conventional measures of U.S. energy use,
include only direct energy imports-such as barrels
of oil or megawatt-hours of electricity. Nevertheless,
as production networks continue to extend beyond a
country’s borders, the inclusion of the indirect
energy embodied in the trade of nonenergy products
is increasingly important in calculating a country’s
total energy use. For example, including only the

direct energy needed to make a U.S. automobile
would miss the energy embodied in a steel axle that
was imported from Japan.

Lastly, this analysis goes beyond most previous
work by sketching how energy use changes with
shifts in the economy. This greater detail adds
explanatory power and helps in connecting the
findings to public policies. For example, the broad
category of structural change is divided into changes
emanating from consumers and businesses. Changes
due to consumer spending are looked at from three
angles: overall level and mix of the products
purchased, sources of consumption (e.g., house-
holds, government), and type of product being
consumed (e.g., manufactured goods v. services).
Similarly, shifts in energy use due to changes in the
way businesses make their products are broken
down by type of product and by changes that either
directly or indirectly affect energy use (e.g., material
substitution).

The model used for this analysis, like all simula-
tions of reality, is not free of shortcomings. These are
outlined in part II. In particular, no attempt was made
to explain why these changes in the economy or in
energy use occurred. Instead, only the question of
how shifts in the economy affected energy use is
explored. As a result, although the industrial struc-
ture of the economy and the implementation of
technology is undoubtedly affected by changes in
tastes, incomes, government regulations, and the
relative prices of products-especially the huge
changes in the prices of energy-these factors are
not explicitly addressed in this report.12

Summary of Findings

A number of policy issues, such as climate
change, disposal of nuclear waste, the trade deficit,
acid rain, and military security, are directly tied to
energy use. Understanding how energy use has
changed is instrumental to designing policies that
address these issues. This section draws lessons
from the findings in part III and part IV.

Economic Growth and Energy Use

● Economic growth is not necessarily contingent
on using more energy. OTA analysis finds that
between 1972 and 1985 economic growth, at
least as it is broadly defined as growth in GDP,
was not linked to ever-increasing levels of
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energy use;vi in fact, slow economic growth
tended to cause changes that impeded strides
towards improving energy efficiency. Al-
though sheer growth, holding all other changes
constant, does increase energy use, economic
growth never occurs in a vacuum; rather,
growth is likely to be associated with other
factors such as shifts in the mix of spending
towards less energy-intensive products and
changes in the way the output of the economy
is produced that result in a decline in energy
use. Together, these factors contributed to little
or no increase in energy use between 1972 and
1985 (table 1).

Energy Efficiency v. Structural Change

Energy-efficiency improvements implemented in
the production process between 1972 and 1985
mean that the 1985 economy would have used 15
quads more of energy if these gains had not been
achieved. If these savings had not occurred, the
U.S. economy would have required 20 percent
more energy in 1985 to produce its output-more
than the total amount of energy imports in 1985.
(See figure 2.) Two-fifths of these savings came
from the manufacturing sector, but another fifth
came from the service sector.

The leveling of energy use from 1972 to 1985 was
not solely due to improvements in energy effi-
ciency, but was also caused by structural shifts in
the economy. Of the factors that offset the increase
in energy use due to increases in the sheer size of
the economy, nearly two-thirds of the 1972-85
decline was because of energy-efficiency im-
provements; the remaining third was due to a
realignment of the industrial composition of the
economy. The output of the economy shifted
towards less energy-intensive industries such as
services. This shift was caused by changes in the
mix of what consumers demanded and by techno-
logical improvements in production processes
which indirectly saved energy. If these structural
shifts between 1972 and 1985 had not happened,
the energy used in 1985 would have been about 13
percent higher (9.5 quads).

Table l-Changes in Primary Energy Use
Due to Selected Factors, 1972-85

(quadrillion Btu)
Actual 1972 to 1985 energy use increase . . . . . . . 1.9

Change due to spending . . . . . . . . . . . . . . . . . . . . 14.4
Change due to the level of spending . . . . . . . . . 17.7
Change due to the mix of spending. . . . . . . . . . -5.8
interaction of level and mix . . . . . . . . . . . . . . . . 2.5

Change due to production recipe . .............-19.5
Change due to the energy portion . . . . . . . . . . . -15.4
Change due to the nonenergy portion . . . . . . . . -3.7

interaction of the energy and nonenergy. . . . . . . . -0.4

interaction of spending and production recipe . . . 7.1
NOTE: Numbers may not add due to rounding.

SOURCE: Office of Technology Assessment, 1990.

Figure 2-Changes in Energy Use, 1972-85
Quadrillion Btu
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Actual energy use in the OTA mode, (clear boxes) increased from
72.5 quads in 1972 to 74.9 quads in 1985. Nearly 100 quads
would have been used in 1985 if energy savings, because of
efficiency improvements (black box) and structural changes
(hatched box) in the economy, had not occurred over this period.
Of these savings that occurred, nearly two-thirds were because of
energy-efficiency improvements in the production processes
employed by businesses. The remaining third of the decline,
structural change, is indicative of shifts in the industries that make
up the economy.
NOTE: This figure does not refleet changes in energy use due to overall

growth or interactive factors. See table 1 for these effects.

SOURCE: Office of Teehnoiogy Assessment, 1990.

Direct v. Indirect Use of Energy

● Energy is increasingly being consumed indirectly,
embodied in nonenergy products, while the
growth in the direct use of energy has been
relatively small. Of the increase in energy use
between 1972 and 1985 due to spending on all
products, only 8 percent was due to direct
purchases of energy products like gasoline and

fiIt should be kept inmind that the economic experienee in the 1970s and early 1980s was not free from problems: several reeessions  occurred, inflation
and unemployment bit very high levels, productivity rates declined, and budget and trade deficits emerged.
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heating fuel. The remaining 92 percent of the
increase in energy use due to spending was
indirectly induced by the purchases of nonenergy
products that embody energy like clothes, tires,
and automobiles.

The bulk of the increase in indirect energy use
between 1972 and 1985 came from demand for
services. vii Although the energy intensity of the
service sector is low, its size and rapid growth
have meant that its total energy use is larger than
manufacturing ’s. The source of much of this
indirect demand for energy is personal consump-
tion (households), where indirect demand for
energy outpaced direct demand by a factor of 3
from 1972 to 1985.

Energy savings can also be achieved indirectly.
Nearly a fifth of the reduction in energy use
achieved from 1972 to 1985 because of changes
in businesses production processes came indi-
rectly as less energy-intensive inputs like plastic
were substituted for more intensive inputs like
steel. Almost all of these savings were made in the
manufacturing sector.

International Trade

●

●

�

Imports of energy products (not including the
embodied energy in nonenergy products) are a
significant component of our trade deficit. Al-
though the portion of all imports that are energy
(“petroleum and products”) has dropped from a
high of 42 percent in 1977 to 18 percent in 1988,
oil imports are still a higher fraction of constant
dollar imports than autos, all consumer goods, or
all industrial supplies and materials (excluding
oil) (see figure 3).viii Of the major merchandise
trade categories experiencing a trade deficit in
1988, oil represented almost a quarter of the
total13 and its share seems to be increasing.14 The
share of oil that comes from imports has risen to
44 percent, almost matching our highest level of
dependency set at 46 percent in 1977.15

The United States’ grosstx energy use would be 9
percent higher if we included the energy embod-
ied in nonenergy imports. The statistics that show
a leveling of domestic energy consumption fail to

Figure 3-Major Categories’ Share of Merchandise
Imports (1982 dollars)

1970 1972 1974

=  o i l = industrial supplies = consumer goods

autos, all consumer goods, or all industrial supplies and materials
(which exclude oil).
NOTE: In order to compare the trend over time, the data is presented in

constant 1882 dollars. Due to changes in the pffees of some goods
sines 1982, like oil, this may have a distorting effect on some
categories.

SOURCE: U.S. Department of Commeree, Bureau of Economic Analysis,
National Income and Product Accounts, table 4.4.

reflect the fact that the United States indirectly
consumes energy by importing nonenergy im-
ports like cars and steel. As the trade deficit has
deepened, so has this indirect energy use. OTA
estimates that in 1985, the United States con-
sumed roughly 7 quads of energy in nonenergy
imports like cars and steel. When this is added to
our direct imports of energy, our 1985 foreign
energy dependence increases by 50 percent. In
terms of recognizing our dependence on foreign
sources for energy or our global contribution to
problems like climate change, it is important to
include estimates of the energy associated with
nonenergy imports. 16 Failing to make this adjust-

ment, it would be easy to show declining energy
use simply by importing energy-intensive final
products and intermediate inputs from abroad.
When this adjustment is made, instead of a 39
percent drop in the use of imported energy from
1977 to 1985, the decline is reduced to 21 percent.
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Differences Between Energy Types

Businesses’ energy use in the United States is very
flexible and adaptable. The composition of en-
ergy use due to changes in production processes
has changed dramatically from 1972 to 1985 with
the use of crude oil& gas falling by 19 quads over
this time period. The drop occurred primarily in
manufacturing’s use of crude oil & gas,x but the
energy sector itself and the service sector also
made significant contributions to the decline.

Declines in energy use were not universal across
all energy types. Energy is not a homogeneous
entity, but is instead composed of widely differing
products which have very different uses and
qualities. The slight increase in overall energy use
from 1972 to 1985 came from increases in the use
of coal (primarily used to produce electricity) and
primary electricity that were largely offset by
declines in the use of crude oil& gas and refined
petroleum. In aggregate, energy use per dollar of
GDP declined from 1972 to 1985, but within
individual energy types, all of the decline oc-
curred in crude oil & gas, refined petroleum, and
utility gas. Coal and primary electricity registered
a slight increase in use per dollar of GDP during
this period.

Energy Use From 1985 to 1988

● The trend of level energy use established from
1972 to 1985 was broken between 1985 and
1988 when energy use increased by 8 percent
(5.7 quads). The energy intensity of the econ-
omy stayed constant from 1986 to 1988,
dropping at a meager 0.2 annual rate as opposed
to the –2.4 percent annual decline achieved
from 1972 to 1985.

● Much of the increase in energy use from 1985 to
1988 can be traced to strong economic growth
and a shift in the mix of consumption towards
more energy-intensive products. The 1985-88
period was a time of strong economic growth: real
GNP grew at an annual rate of 3.6 percent, v. 2.5
percent for the 1972-85 period.

● The major shifts towards an energy-intensive mix

●

●

of spending occurred in the government and
international sectors. Federal Government spend-
ing on nondefense purchases fell by 16 percent
over the 3-year period and defense purchases,
which are about 1.5 times as energy intensive as
nondefense purchases, grew by 10 percent. Like-
wise, the energy-intensive export sector experi-
enced the fastest rate of growth of any sectorxi

during this period, increasing its share of GNP
from 10 to 13 percent. Even “smokestack”
industries like steel and aluminum experienced a
resurgence. 17 Overall, exports between 1985 and
1988 grew in real terms by 44 percent while
imports increased by only 28 percent.

Of the 10 major sectors of the economy,xii

manufacturing increased its share of total ship-
ments the most from 1985 to 1988, growing from
32.9 percent of all shipments to 33.8. This
increase in manufacturing’s share of gross output
halted a downward trend that had prevailed since
1972.

There is little data to support the idea that the
1985-88 increase in energy use was due to less
efficient production processes. The annual rate of
investment in new plant and equipment from 1985
to 1988 was 7 percent, 2 percentage points higher
than the 1972-85 annual investment rate-a
period of declining energy use per dollar of
output. It is unlikely that these 1985-88 invest-
ments caused a reduction in energy efficiency,
rather they probably improved energy efficiency,
but data detailed enough to confirm this is not
available.

Energy Use in the Future

● Predictions about the rate of economic growth
suggest that the increase in energy use should
be less in the future than what was experienced
between 1976 and 1988. The annual growth
rate of GNP between 1976 and 1988 was 2.9
percent. The Department of Labor’s moderate
economic growth scenario for 1988 to 2000
assumes a 2.3 percent growth rate.
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In terms of energy use associated with changes in
the composition of output (e.g., structural
change) the picture is mixed. The manufacturing
sector is predicted to benefit from increases in
exports as the trade deficit narrows, while being
hurt by decreases in defense spending as efforts
are made to decrease the budget deficit. On net,
manufacturing’s share of output is predicted to
increase, but much of the growth is in “high-
tech” products that have relatively low energy
intensities. When viewed across all sectors,
changes in energy use associated with changes in
the structure of the economy do not appear to be
signtificant.

The future impact of technology on energy use is
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