Part 1V

Energy Usein the Recent Past and in the Future

Using the framework established in part I1l, part
IV analyzes the recent increase in energy use
registered from 1985 to 1988 and speculates about
likely changes in energy use from 1988 to 2000.

OVERVIEW

The trend of constant energy use established from
1972 to 1985 was broken between 1985 and 1988
when energy use increased by 8 percent (6 quadril-
lion British thermal units (Btu) or quads.) Although
the energy intensity of the economy continued to
decline nom 1986 to 1988, it did so at a meager-O.2
annual rate as opposed to the —2.4 percent decline
achieved from 1972 to 1985. The lack of detailed
data preclude answering the question of what factors
caused this increase, but it appears that an increase
in the level of spending coupled with a shift in the
mix of consumption towards more energy-intensive
products contributed to the increase:

. Of the 10 major sectors of the economy,
manufacturing increased its share of total
shipments the most from 1985 to 1988, grow-
ing from 32.9 percent of all shipments to 33.8.
This increase in the economy’s share of gross
output halted a downward trend that had
prevailed since 1972.

This shift in output is reflective of a shift in the
mix of spending:

« Federal Governrnent spending took a dramatic
change as nondefense purchases fell by 16
percent over the 3-year period and defense
purchases grew by 10 percent.

« The export sector experienced the fastest rate of
growth of any sector during this period, in-
creasing its share of Gross National Product
(GNP) from 10 to 13 percent. Contributing to
this surge were energy-intensive manufactur-
ing products like aluminum where exports grew
by 44 percent and steel mill products where
exports increased by 121 percent horn 1985 to
1988.

« Household spending shifted away from non-
durable to durable goods like furniture and
home electronics.

Although the level and mix of consumption
changed between 1985 and 1988 in such a way that
energy use increased, reversing the trend set in the

-

1972-85 period, it does not appear that the energy
efficiency of the production processes used to make
these products declined over the period:

« Although the economy was experiencing rapid
growth that could theoretically have led to
inefficiencies as plant capacity was stretched
thin, the level of capacity utilization from 1985
to 1988 was lower than that achieved from 1978
to 1980-a period marked by industrial energy-
efflciency gains.

« 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. It is likely that these
new investments improved energy efficiency.

« The cost of energy did decline significantly
horn 1985 to 1988, providing an incentive to
ease-up on pursuing energy efficiencies in
production processes. But energy efficiencies
have been sustained in other periods of falling
prices such as horn 1958 to 1971 and 1982 to
1985—although the magnitude of the decline
was not as large as that between 1985 and
1988.% Nevertheless, low energy prices do not
preclude new investments in production proc-
ess that are being adopted for reasons other that
energy efficiency (e.g., higher product quality,
increased production flexibility, or lower labor
costs) but have the unintended benefit of
reducing energy use.”

It appears that increases in the level of spending
and changes in the mix of what was being bought
from 1985 to 1988 caused a realignment of industrial
output towards relatively energy-intensive indus-
tries, in turn causing an increase in energy use.

Predictions about how energy use and the econ-
omy are likely to change in the future are based on
a model developed by the U.S. Department of
Labor’s Bureau of Labor Statistics. The “moderate-
growth’ ' scenario of this model has the GNP
growing at a slower rate in the next 12 years than
what occurred in the past 12. Thus, on the basis of
sheer growth alone, the increase in energy use
should be less in the future than that experienced
between 1976 and 1988.

In terms of energy use associated with changes in
the composition of output, i.e., structural change, the
picture is mixed. The manufacturing sector is
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predicted to benefit horn increases in exports, while
being hurt by decreases in defense spending.” All
told, 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 significant.

The future impact of technology on energy use is
even more speculative. Nevertheless, a wide array of
energy-saving technologies are already in the market
and hold out the potential for significant gains in
efficiency. The critical unknowns of the future are
less of technical potentials than the willingness to
implement the technology.

CHANGESIN ENERGY USE
FROM 1985 TO 1988

The 13-year trend of steady decreases in the
number of Btu consumed per dollar of Gross
Domestic Product (GDP) produced (figure 1) was
broken between 1985 to 1988 as energy use in-
creased by 8 percent (6.1 quads) in 3 years.”Over
half of this increase was in petroleum; a fifth was in
the form of coal.” The increase was distributed
across all three of the main sectors that the Depart-
ment of Energy allocates energy use to:

. residential/comr ner cial was responsible for 37
percent of the increase,

« industrial uses contributed 32 percent of the
increase, and

. transportation provided 30 percent.”

Even though an increase of 6 quads in 3 years is
a significant departure horn the flat level of energy
use established between 1972 and 1985, the inten-
sity (energy used per dollar of GDP) continued to fall
because of the fast pace of real GDP growth (11
percent increase from 1985 to 1988).” Nevertheless,
the pace of the decline in energy intensity has fallen
from -2.4 percent per year horn 1972 to 1985 t0-0.8
percent per year from 1985 to 1988.” From 1986 to
1988, the decline in energy intensity almost came to
a halt, falling at 0.2 percent per year. Why has the
rate of decline in energy intensity leveled off after 13
years of steady decreases? Has the rate of energy-
efficiency improvements declined? Or has the struc-
ture of the economy shifted towards a more energy-
intensive mix of industries?

Detailed data, in particular an up-to-date input-
output table and industry-specific energy use data,
are unavailable, precluding an analysis like that
conducted in part I11. Nevertheless, some hints as to
why energy use increased can be obtained from the
more limited data that are available.” The analytical
framework established in part 11l suggests four
possible factors that could have contributed to the
increase:

e growth in the overall level of spending;

e a changing mix of spending towards energy-
intensive products;

e changes in the nonenergy portion of the produc-
tion recipe, requiring more energy; and/or

e changes in the energy portion of the production
recipe, that have induced inefficiencies in the
use of energy.

Changes in the mix of spending and in the
nonenergy portion of the production recipe are
collectively labeled structural changes, while
changes in energy use due to changes in the energy
portion of the production recipe are referred to as
changes in technology or energy efficiency.

Growth

The 1985-88 period was a time of strong eco-
nomic growth: real GDP grew at an annual average
rate of 3.7 percent, v. 2.5 percent for the 1972-85
period.’1 As shown in part Ill, sheer growth or an
increased level of spending, holding all other
changes constant, does increase the use of energy.
Finding a period in the past to act as a proxy for 1985
to 1988 is difficult because of the business cycles
that affect growth. The 1982-85 period is probably
the best proxy for the growth that occurred from
1985 to 1988, because it is the most up-to-date and
the fact that both are periods of steady, uninterrupted
economic growth. For every $100 billion increase in
GDP from 1982 to 1985, energy use due to just
growth would have grown by 2.16 quads. Thus,
growth from 1982 to 1985 would have caused
energy use to increase by 9.8 quads. Applying the
1982 to 1985 formula to the 1985-88 GDP growth,
energy use would increase by 8.8 quads, over 40
percent more than the overall increase of 6.1 quads
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reported by the Department of Energy."The
difference between what was actually observed from
1985 to 1988 and what would have happened if all
other factors except growth in the level of spending
were kept constant is very small. From 1982 to 1985,
changes in the mix of spending (-4.6 quads) and
changes in the energy portion of the production
recipe or the energy efficiency of industry (-4.0
quads) reduced the increase due to sheer growth by
8.6 quads, resulting in a net, overall increase of only
2.7 quads, less than half of what occurred between
1985 and 1988.

Thus, all of the increase in energy use horn 1985
to 1988 can be attributed to growth in the overall
level of spending or GDP, holding all other factors
constant. The questions that remainare why were the
factors that usually limit this increase due to
growth-shifts in the mix of spending, energy
savings due to changes in the nonenergy portion of
the production recipe, and improvements in energy
efficiency of industry-of a smaller size than usual?

Shiftsin the Mix of Spending

A shift in the mix of spending would occur if a
product’s share of growth between 1985 and 1988
was different than the share of spending it repre-
sented in 1985. This section looks at how spending
on various products changed from 1985 to 1988
relative to the share of consumption that those
products held in 1985. This is done for each of the
four main areas of spending: households, govern-
ment, business investment, and international trade.
As shown in table 9, a shift in the mix of products
purchased, such as horn services to manufactured
goods, would cause an increase in energy use.

Households *

The shift in the mix of household purchases
(personal consumer expenditures) that occurred
between 1985 and 1988, tilted spending towards
durable goods as opposed to nondurable products.
Although durable goods, such as furniture and home
electronics, only represented 15 percent of all
household consumption in 1985, they were responsi-
ble for 24 percent of the increase in household
spending from 1985 and 1988. This disproportionate
growth of durables came at the expense of nondura-

ble goods such as clothing and food. Nondurable
spending represented only 23 percent of the growth,
below their 1985 share of 36 percent.

Energy products (which are classified as nondura-
ble) had a mixed experience. Gasoline and oil’s
share of household purchases declined during this
time period,”but purchases of fuel oil and coal
increased.~ The other major product category
within the household sector, services, slightly in-
creased its share from 1985 to 1988 by generating 53
percent of the increase in household spending from
a 1985 base of 49 percent.

All in all, products purchased by the household
sector seem to have leaned towards a mix that is
more energy-intensive: durable goods increased
their share over nondurables.”

Government™

Data limitations restrict the analysis of the chang-
ing mix of government expenditures to the Federal
Government, where the mix underwent a radical
realignment from nondefense purchases to defense
purchases. ” In real terms, nondefense purchases
declined by 16.2 percent from 1985 to 1988, while
defense purchases increased by 10.2 percent.” The
disproportionate growth occurring within defense
has been in durable goods (aircraft, missiles, tanks,
etc.) which have been responsible for 51 percent of
the 1985 to 1988 growth in defense expenditures
horn a 1985 share of 30 percent.” Thus, government
spending at the Federal level has undergone a shift
horn nondefense to defense purchases, which are
about 1.5 times as energy-intensive.l"

International Trade

Of all the sources of demand that make up the
GNP, the one that showed the most pronounced
disproportionate growth during this period was
exports. Although net trade was still in deficit in
1985, exports were responsible for 30 percent of the
real, gross101 increase in GNP between 1985 and
1988, even though exports’ share of GNP in 1985
were only 10 percent. Between 1985 and 1988,
exports grew by 44 percent while imports increased
by only 28 percent. This gain in exports is probably
attributable to the sharp devaluation of the dollar that
occurred after 1985, making U.S. exports more

=ixCalculation: 1982 to 1985 GNP grew by $452.7B, energy use due to growth increased by 9.78 quads, thus quads/GNP = 0.0216. Applied to a 1985
to 1988 GNP increase of $405.7B this results in energy use increasing due to growth of 8.76 quads.

xxxnteractive effects resulted in an increase in energy use of 1.6 quads.
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attractive overseas.”™ For example, exports of steel

mill products increased by 121 percent from 1985 to
1988, while imports of steel mill products decreased
by 14 percent.” Aluminum also rebounded with
exports increasing by 44 percent and imports falling
by 5 percent.I"Over one-half of the increase in
overall exports came from capital goods (e.g.,
machine tools and computers) whose 1985 share was
37 percent.l” The other leading category of increase
was in consumer durables, which generated 11
percent of the growth from a 1985 base of 5 percent.
Aside from imports, exports are the most energy-
intensive component of demand because exports are
largely composed of semifinished intermediate
goods and manufactured products that have a high
energy content.”

In conclusion, it appears that every category of
spending either stayed constant or experienced a
shift in the mix of spending towards products that are
relatively energy-intensive. In particular, exports
and defense purchases surged and are undoubtedly
part of the reason why energy use increased between
1985 and 1988.

Shifts in Output

If the mix of spending became more energy-
intensive, the output horn energy-intensive sectors
should also be disproportionately large. Figure 15
illustrates the fact that a slight shift in the composi-
tion of output towards energy-intensive industries
could have a pronounced effect on energy use. Two
data sources, the Federal Reserve Board's Industrial
Production Index” and the Bureau of Labor Statis-
tics (BLS) Output and Employment Database™™
indicate that a shift in the composition of output
towards these energy-intensive sectors occurred
between 1985 and 1988."

The Industrial Production Index (IPI) grew by
10.6 percent from 1985 to 1988. Of the three major
sectors covered by this index, manufacturing grew
by 13.2 percent, mining declined by 5 percent, and
utilities grew by 1.8 percent. Within manufacturing
the largest percent gains in the index from 1985 to
1988 occurred in lumber (21.5 percent), printing and
publishing (19.6 percent), chemicals (19.6 percent),
rubber and plastic products (18.6 percent), nonelec-
trical machinery (which includes computers) (17.8
percent), and paper and paper products (17.4 per-

cent). Three of these six industries produce products
that are among the top 11 most energy-intensive
(table 9).

The BLS database has shipment (gross output)
data on every sector in the economy. Of the 10 major
(one digit SIC) sectors, manufacturing increased its
share of total shipments the most from 1985 to 1988,
growing from 32.9 percent of all shipments to 33.8
percent. The service sector was second, growing
from 13.8 percent to 14.2. The 0.9 percent gain in
share by manufacturing sounds small, but translates
into a $50 billion increase in real shipments over the
3-year period.”This gain in share breaks a trend
where manufacturing fell from a 35.8-percent share
of output in 1972 to 32.9 in 1985.

Within manufacturing, the three industries experi-
encing the largest gain in share of manufacturing's
total output were machinery, except electrical
(which includes the computer industry) whose share
grew by 1.4 points, chemicals (0.5 point gain), and
primary metals (0.3 gain). Chemicals, primary
metals, and to a lesser extent machinery are all
relatively energy-intensive industries.

When the increase in output achieved by the
manufacturing sector between 1985 and 1988 is
multiplied by the 1985 energy intensities shown in
table 9, it reveals that just the growth in manufactur-
ing output, holding the energy efficiency of the
products constant at their 1985 level, could have
caused energy use to increase by 7.7 quad. The big
three contributors to this increase were the chemical
industry (2.2 quads), primary metals (1.2 quads) and
machinery (except electrical (0.8 quad)). A signifi-
cant portion (90 percent) of this increase is due to
sheer growth in the level of output. The change in
output mix from 1985 to 1988 caused energy use in
the manufacturing sector to increase by 0.77 quad.
Although small, the fact that this change in mix led
to a net gain in energy use is contrary to the trend
established between 1972-85.

These preliminary findings, based on output data,
support the idea that a shift in spending (final
demand) did occur that caused energy use to
increase. Instead of offsetting the increase in energy
use due to arise in the level of spending, the mix of
spending changed between 1985 and 1988 in such a
way that energy use increased-reversing the trend
set in the 1972-85 period. Thus it appears that the

*Based in constant 1982 dollars, the total value of gross output for the whole economy in 1988 was $7.3 trillion.
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industrial structure of the economy shifted into a
more energy-intensive configuration.

Changes in Energy Efficiency

The other factor that has traditionally acted as a
brake on increases in energy use due to growth has
been energy savings associated with changes in the
way products are made. From 1972 to 1985, nearly
four-ftiths of the energy savings attributed to
changes in the process of production (the production
recipe) were due to changes in the way energy was
used as an input.

Given that energy-efficiency improvements were
the dominant factor behind the leveling of energy
use between 1972 and 1985, could energy-efficiency
gains have stopped or even reversed themselves
between 1985 and 1988? Evidence indicating how
energy efficiency has changed is very limited. In
theory, some inefficiencies would be expected as the
economy continues to expand and plant utilization
begins to hit capacity constraints. For example, as
demand for steel continues to rise, moth-balled, old
facilities using outmoded technology, like open-
hearth furnaces, might be brought back online,

causing the energy efficiency of steel production to
dip .

At least for the steel industry this has not been the
case. The percentage of steel made from relatively
inefficient processes, such as open-hearth or blast
furnace methods, declined between 1985 and 1988,
with the most energy-efficient mode, electric arc,
gaining. 111 More generally, the Federal Reserve
Board reports that capacity utilization in manufac-
turing did increase horn 80 to 83 percent horn 1985
to 1988 and that the bulk of thisjump occurred in
the mor e energy-intensive primary processing por-
tion of manufacturing where the capacity utilization
rate jumped from 81 to 87 percent.” Nevertheless,
these capacity utilization levels are below the rates
set from 1978 to 1980 when manufacturing hit 86.5
percent of capacity and primary processing climbed
to 89.1." Even at these high levels set between
1978 and 1980, efficiency gains were still
achieved.11°It is thus unlikely that the 1985-88
levels of capacity utilization led to significant
inefficiencies in energy use.™

In fact, this notion that businesses might reacti-
vate old, inefficient modes of production might need
updating to take into account the 1982 recession,
which led some manufacturers, especially those in

the “smokestack” industries, to permanently retire
their oldest facilities or transfer operations to off-
shore sites. Thus, in some cases, the old capacity no
longer exists. For example, Pittsburgh was once
thought of as the U.S. capital of steel production, but
today many of the old U.S. Steel facilities have been
torn down and the local economy has shifted
towards financial services. U.S. Steel has diversified
into retail, transportation, and oil industries.™

Coupled with this is the fact that investment in
new equipment by businesses usually results in
energy-efficiency gains as old equipment is replaced
by new.” The investment rate by businesses during
1972 to 1985—a period of energy-efficiency gains
by business-was an annual rate of 4.7 percent,
significantly below the 1985 to 1988 rate of 6.9
percent. 119 1t is uniikety thae these new investments
hindered energy efficiency, rather, they are likely to
have improved efficiency.

Lastly, the real price of energy dropped from 1985
to 1988, reducing the incentive for making energy-
efficiency improvements (figure 18). The price for
crude oil & gas, for example, fell from $27 per barrel
(current dollars) in 1985 to $14 in 1988.”°But
falling energy prices do not necessarily result in
declines in energy-efficielglc\é_gains due to changes in
the production recipe. Figure 13 shows that
savings in energy due to the production recipe were
achieved from 1982 to 1985, another period of
dec"ning energy pl"iCBS.lzz Likewise, fUEl-EffICIGncy
improvements were made between 1958 and 1971,
another period of low and falling fuel prices-albeit,
not as steep a drop as what occurred between 1985
and 1988.*Energy efficiency gains are frequently
associated with modernization efforts undertaken to
achieve objectives other than energy savings such as
improving quality, boosting yields, or increasing the
flexibility of production.™

Summary

Although a conclusive answer cannot be reached,
it appearsfrom the data available that therisein
energy use from 1985 to 1988 was largely due to
strong growth in the overall size of the economy and
a shift in economic activity towards more energy
intensive industries. No evidence was found that
would indicate that businesses energy efficiencies
have declined during this period. Rather, it appears
that structural shifts toward energy-intensive pro-
duction could not be countered by energy-efficiency
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Figure 18-Composite Fossil Fuel Prices
(1982 dollars)
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NOTE: All fuel prices taken as close as possible to the point of production.
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improvements, leading to a net increase in energy
use. Some of this structural shift could be due to a
leveling of household energy efficiency, which
would affect the mix of household purchases.” It is
important to note that changesin economic structure
are not as permanent as the word ‘structure’ would
suggest. Trends in both industrial structure and
energy use can bereversed in a relatively short time.
Thisincreasein energy use dueto changesin the
structure of the economy could be hiding decreases
in energy use due to efficiency gains that continue to
be made.

In any event, a 6-quad, 8-percent increase in 3
years-reaching an all-time peak in energy use,
which breaks a precedent established over 13 years
of very little or no growth in energy use, is surprising
and necessitates a more thorough analysis than that
provided here. A prerequisite for that analysis is
more timely and detailed data.”

SPECULATION ABOUT ENERGY
USE IN THE FUTURE

This up-tick in energy use from 1985 to 1988
generates concern about whether we are approach-
ing limits to the energy-efficiency improvements we
can expect in the fiture.” Speculation about future
energy use is fraught with difficulties and caveats.
Factors that can be incorporated into a computer

model tend to be insignificant in comparison to
events that are nearly impossible to predict, such as
the invention of the microchip or the Iranian
Revolution. Attempts at specific forecasts made in
the mid- 1970s accurately predicted that the energy
intensity of the U.S. economy would decline, but
underestimated the rate of the decline, leading to
predictions that were 42 percent above actual use.”

For the purposes of this report, broad future
trends, which lend a sensitivity to what is likely v.
what is unlikely, are more appropriate than specific
predictions. The discussion is broken into two
sections, economic growth and technology, that
roughly correspond to the framework of structure
and energy efficiency used throughout this report.

Economic Growth

Economic growth is determined by a myriad of
factors, including demographics, government
spending, monetary policy, trade policy, income
distribution, productivity rates, and savings rates.”
Accounting for all these factors simultaneoudly,
even in a broad framework, is beyond the scope of
thisreport. Asaresult, this discussion relies on the
findings of work done by BLS in their estimate of
employment for the year 2000.” Their projections
are based on a number of inputs, including an
econometric model prepared by Data Resour ces,
Inc.; demographic projections estimated by the
Bureau of Census; and energy use projected by the
U.S. Department of Energy.”™

The BLS projections include three scenarios:
high-, moderate-, and low-growth. Table 10 shows
the 1988 to 2000 GNP growth rates and unemploy-
ment rates for each of the scenarios as well as
corresponding figures for the previous 12-year
period, 1976-88. The moderate-growth scenario is
arbitrarily selected as a vehicle for setting parame-
tersof what islikely and unlikely to happen. The
growth rate of GNP under the moderate-growth
scenario is less than that achieved between 1977 and
1988, largely because of a projected slowing of the
growth in the size of the labor force and an
expectation that the Federal budget and foreign trade
deficits will be reduced.™

The slowdown in growth in the next 12 yearsin
comparison to the last 12 means that expenditures
from the household and government sectors will
decline relative to growth in GNP, while exports will
increase at a rate that exceeds GNP growth.” The
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Table 10--BLS Projections of GNP Growth Rates
and Unemployment Rates Under Scenarios of
Low-, Moderate-, and High-Economic Growth

Real GNP annual growth rate

1988-2000

Economic growth
1976-1988 Low Moderate High
2.9 15 2.3 3.2

Civilian unemployment rate
2000

Economic growth
1976 1988 Low Moderate High
7.7 5.5 7.0 5.5 4.0

SOURCE: Norman C. Saunders, “The Aggregate Structure of the Econ-
omy,” Monthly Labor Review, November 1989, p. 14.

slowdown in the household sector is attributed to a
slower rate of population growth and household
formations. In particular, expenditures on household
furnishings and motor vehicles are predicted to
decline.l"The desire to reduce the Federal budget
deficit is predicted to cause a reduction in the level
of military expenditures and cause moderation in
nondefense spending, leading to a balanced Federal
budget late in the century. Assuming that the value
of the dollar remains low, BLS projects that imports
will decline as exports, particularly manufacturing
machinery, increase due to strong economic growth

135

overseas. " In such a scenario, the trade deficit
comes into balance in the mid-1990s.

This moderate-growth scenario translates into
healthy output increases in durable manufacturing,
wholesale trade, and services (health, business
services, and child care) sectors (table 11).” In
terms of energy use, 4 of the top 15 most energy-
intensive industries are predicted to have above
average growth from 1988 to 2000.”* The largest
gains occur in relatively high value-added but less
energy-intensive manufactured products like com-
puters, semiconductors, and optical products.” The
fraction of output devoted to services continues to
grow under this scenario with especially strong
growth in computer and data processing, nursing
facilities, outpatient facilities, child care, and resi-
dential care (senior citizen complexes)-industries
that are relatively low in energy intensity.

BLS predictions suggest that economic growth in
the next decade will be lower than it was in the recent
past. Thus, on the basis of sheer growth alone, the
increase in energy use should be less in the future
than it was between 1976 and 1988. In terms of
energy use associated with changes in the composi-
tion of output-structural change-the picture is
mixed. The manufacturing sector is predicted to
benefit from increases in exports, while being hurt

Table 11—BLS Projections of Output’by Major Industry Division Under a Scenario of
Moderate Economic Growth

Percent distribution

Annual rate of change

2000 1988-2000
Real GNP annual growth rate 1976 1988 Moderate 1976-1988 Moderate
Total ......... 100.0 100.0 100.0 2.7 2.3
Goods-producing ........... 46.4 43.5 43.0 2.1 2.2
Mining.................. 4.2 3.0 2.5 0.1 0.6
Construction . ............ 6.7 6.6 6.5 2.6
Manufacturing . .......... 355 33.8 34.0 2.2
Durable............... 17.8 17.7 18.9 2.6 2.9
Nondurable . ........... 17.8 16.2 15.1 1.9 1.7
Service producing ........... 50.3 53.9 54.5 3.3 2.4
Transportation
and utilities. . .. ........ 8.8 8.3 8.4 2.2 2.4
Wholesale trade . ......... 5.0 5.7 6.1 3.9 2.9
Retail trade .. ............ 6.8 7.6 7.5 3.6 2.1
Finance, insurance,
and real estate . ........ 111 11.8 11.9 3.2 2.3
Services .............. .. 11.5 14.2 15.1 4.5 2.8
Government . ............ 7.1 6.3 55 1.6 1.0
Agriculture . ........ ... 3.1 25 24 0.7 1.9
Private households .. ........ 0.4 0.3 0.2 0.7 0.8

aGross duplicative output.
NOTE: Totals may not add due to rounding.

SOURCE: Valerie A. Personick, “Industry Output and Employment: A SlowerTrend for the Nineties,” Month/y Labor Review, November 1989, p. 28.
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by decreases in defense spending. On net, manufac-
turing'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 significant.

Technology

By causing the mix of what people bought to
change (spending mix) and by changing the way
businesses produced output (production recipe),
technology was a major factor in offsetting the
increase in energy use due to sheer growth in the
economy from 1972 to 1985. Detailed estimates
about the technical potential of future energy-
efficiency gains is beyond the scope of this analy-
sis."" Nevertheless, a wide array of energy-saving
technologies exist that cquld significantly improve
U.S. energy efficiency. Tablé 12 provides an
incomplete listing of some of the technologies that
are already commercially available, but have yet to
be fully implemented. The intent is to provide a feel
for the range and diversity of energy saving
technologies, not a comprehensive list of all availa-
ble technologies or a projection of potential gains or
losses.

CONCLUSION

It is easy to be dazzled by the potential energy
savings offered by technology, but realizing this
potential is fraught with a great number of uncertain-
ties.”What will it cost? How will it change my
lifestyle? How will unknowns, such as geopolitical
changes, affect the adoption of a particular technol-
ogy?> How will energy savings mesh with other
public goals? Ultimately, energy use will be dictated
by the answers to these questions.

Structural changes that result in less use of energy
and the continued improvement in energy efficiency
are likely to continue in the future. A driving force
behind these two factors will be the continued
development and diffusion of information technolo-
gies. Just as electricity generated tremendous energy
efficiencies as it freed factory design from the

restrictions associated with steam and water power,
information technologies hold out the promise for
another revolution in the reamer of production.™
These information technologies will place a pre-
mium on exploiting flexibility and the ability to
monitor and control production to exact specifica-
tions, characteristics that are inherently energy-
conserving.

These energy savings associated with energy-
efliciency gains should be bolstered by structural
changes in the economy. The creation of a basic
infrastructure (railroads, factories, highways) that
requires inputs horn energy-intensive industries,
such as steel and cement has been completed,
although the repair and maintenance of these sys-
tems will require significant additional resources in
the future.” Material-intensive consumer products
such as stoves, washing machines, refrigerators, etc.
have begun to hit saturation points.” The sectors of
the economy that appear likely to dominate in the
future-information processing, software produc-
tion, biotechnology, aerospace, communications,
advanced materials-have strong “energy-saving
and-avoiding biases. "147 Even in energy-intensive
sectors such as manufacturing, success in the future
will hinge on the service component of a product—
timeliness, quality, tailoring to the individual cus-
tomer—not the energy-intensive material portion of
the product.

In this sense, speculation about future energy use
has to include consideration not only of how
technology will affect energy consumption, but also
how changes in the industrial makeup of the
economy will affect the demand for energy. As can
be seen from the 1972-85 and 1985-88 periods, these
factors can change relatively quickly.

The future holds a unique opportunity for achiev-
ing economic growth without incurring the costs
associated with increased energy use. Achieving this
future in not a function of what the United States can
or can not do. History illustrates that economic
growth can be achieved with little or no increase in
energy use. Rather, the future is dependent on what
Americans choose to do as consumers, business
people, and voters.
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Table 12—Commercially Available Technologies That Improve Energy Efficiency

Resldential/Commercial

» Switching from standard fluorescent ballasts to more efficient solid-state electromagnetic ballasts decrease energy use by 20 to 25
percent, adding an optical reflector to fluorescent lamps increases useful light output by 75 to 100 percent, cutting energy use by 30
to 50 percent.!

Itis possible to develop windows with thermal insulation equivalent to 3 inches of fiberglass.2

The efficiency of most home appliances (refrigerators, freezers, central air-conditioners, electric water heaters) can be nearly doubled
by using technology already on the market.3

Demonstration homes in Minnesota that use new insulation techniques use 68 percent less heat than the average U.S. home.*
Installing Variable Air Volume (VAV) systems that react to changes in heating and cooling needs by adjusting the amount of
air-conditioning can generate savings from 25 to 80 percent over standard systems.S

information technologies, such as Energy Management Systems (EMS), can be applied to optimize the heating and cooling needs
of a building. These systems range from simple timers to sophisticated microprocessor-based systems. Computerized EMS typically
provides a 10 to 20 percent savings.®

Automobiles’
Available new Prevailing (Percent gain)
technology technology fuel savings
4-valves/cylinder 2-valves/cylinder 10
Turbocharging standard carburetor 5-10
Fuel injection standard carburetor 6
Continuously variable transmission 3-speed automatic 10
Overdrive 3-speed automatic 7
Aerodynamic design 15% reduction in drag 3

Industry

« Electrically driven freeze process is estimated to use one-eighth as much energy as the fuel-based evaporators.®

* Recovery of waste heat in the chemical industry has reduced energy use per pound of product by 43 percent since 1974, and the
potential for further cuts of 32 to 48 percent exist.?

o The use of ultraviolet radiation to dry paint and cure plastic resins, reduces curing time from 20 minutes to 1/15th of a second.!®

« Use of continuous casting technology, as opposed to ingot casting, in the steel industry reduces energy consumption by half and
increases product yield from 80 to 95 percent.!!

« Adjustable-speed drives already in application get energy savings of 20 to 25 percentin compressors, 30 to 35 percent in blowers and
fans, and 20 to 25 percent in pumps.!2 It is estimated that on average, adjustable-speed motors cut electricity requirements by
one-fifth.13

1H.S. Geller, “Commercial Building Equipment Efficiency: A State-of-the-Art Review,” contractor report prepared for the Office of Technology Assessment,
May 1988, p. 12; Electric Power Research Institute, “Lighting the Commercial World,” EPRI Journal , December 1989, pp. 12-13; and J.H. Gibbons, P.D. Biair,
and H! Gwin, “Strategies for Energy Use,” Solentific American, September 1980, o, 140,

23, Selkowitz, “Window Performance and Building Energy Use: Some Technical Options for Increasing Energy Efficiency,” Energy Source: Conservation and
Renewables, D. Hafemeister, H. Kelly, and B. Levi (eds.) (New York, NY: American Institute of Physics, 1985).

3Howard Geller, “Residential Equipment Efficiency: A State-of-the-Art Review,” contractor report prepared for the Office of Technology Assessment,
December 1987, p. 3.

4J.H. Gibbons, P.D. Blair, and H.L. Gwin, “Strategies for Energy Use,” Sdientific American, May 1988, p. 141.

5H.S. Geller, “Commercial Building Equipment Efficiency: A State-of-the-Art Review,” contractor report prepared for the Office of Technology Assessment,
May 1988, p. 10.

€H.S. Geller, “Commercial Building Equipment Efficiency: A State-of-the-Art Review,” contractor report prepared for the Office of Technology Assessment,
May 1988, p. 8.

7K.G. Duleep, Energy and Environmental Analysis, Arlington, VA, “Developments in the Fuel Economy of Light-Duty Highway Vehidles,” contractor report

prepared for the Office of Technology Asssssment, August 1988,

8M. Ross, “Improving the Energy Efficiency of Electricity Use in Manufacturing,” Science, vol. 244, Apr. 21, 1989, p. 244.

9U.S. Department of Energy, Oak Ridge National Laboratory, Energy R&D: What Could Make a Difference? vol. 2, part 1, May 1989, p. 71.
10C.A. Berg, “The Use of Electric Power and the Growth of Productivity: One Engineer’s View,” draft, Northeastern University, Boston, MA, p. 33.
11y.S. Department of Energy, Oak Ridge National Laboratory, Energy R&D: What Could Make a Difference? vol. 2, part 1, May 1989, p. 86.
123 F. Baldwin, “The Materials Revolution and Energy-Efficient Electrical Drive Systems,” Annual Review of Energy, vol. 13, 1988, p. 87.

13A, Kahane and R. Squitieri, “Electricity Use in Manufacturing,” Annual Review of Energy, vol. 12, 1987, p. 236.
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