
Chapter V

Increased Efficiency



Contents

introduction. . . . . . . . . . . . .

Buildings . . . . . . . . . . . . . . .
Heating Oil Conservation
Natural Gas Conservation

Transportation . . . . . . . . . . .

Industry . . . . . . . . . . . . . . . .
Technologies Available to

Page

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Reduce Oil Dependence . . . . . . . . . . . . . . . . . . . . .111

Energy Conservation Potential of Industry. . . . . . . . . . . . . . . . . . . . . . ........113
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 115

TABLES

Table No. Page

17. Assumed 1985 Oil Consumption in the Residential and
Commercial Sectors, by Region. . . . . . . . . . . . . . . . . . . . . . ...............103

18.

19.
20.
21.

Potential Oil Replacement by Energy Efficiency Investments in the
Residential and Commercial Sectors . . . . . . . . . . . . . . . . . . . . . ............104
Transportation Oil Use by Mode and Fuel Type, 1980 . . . . . . . . . . . . . . . . ..108
Industrial Users of Residual Oil for Fuel–1 980 . . . . . . . . . . . . . . . . . . ......111
Fuel Use Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ...114

FIGURES

Figure No. Page

35. Automobile Fuel Consumption Projections, 1985-90 . . . . . . . . . . . . . . .....,109
36. industrial Energy Demand, 1951-81 . . . . . . . . . . . . . . . . . . . . . ............110
37. Total Fuel Use Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .115
38. Petroleum Fuel Use Projections . . . . . . . . . . . . . . . . . . . . . ...............116
39. Natural Gas Use Projections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........116



Chapter V

Increased Efficiency

INTRODUCTION

The potential for reducing energy use through
increased efficiency—energy conservation-is
one of the truly new public policy concerns of
the past decade, Historically, the United States
has simply shifted from one supply source to
another as declining supplies or other concerns
shifted consumer preference. Graphs showing
U.S. energy use reflect similar steps from the use
of wood to that of coal and then to oil. While
basic engineering progress ensured the improve-
ment of fuel efficiencies to some degree over
time, the availability of low-cost, high-energy
value fossil fuels in the country meant that there
was little reward for using fuels in a frugal man-
ner. Operating costs of U.S. energy-using systems
—transportation, buildings, industry—were, in
most cases, very small compared to the large first-
costs of cars, homes, and plants. Accordingly,
energy conservation commanded little research
attention and no policy concern until after the
1973 embargo.

The rising prices and the specter of insufficient
supply that followed 1973, however, set in mo-
tion a flurry of research, policy effort, and pri-
vate commitment to pay attention to the cost of
energy and to lower that cost through improved
efficiency in design and process. Substantial re-
search talent was allocated to find ways to meet
energy end-use needs with less fuel. Early analy-
sis indicated that there was in fact a substantial
savings to be had at costs that were much lower
than the likely costs for providing increased supply
—in part because of the historical disinterest in
the issue. This was the case, according to these
analyses, in all sectors of the U.S. economy.

In addition to private investment and market-
ing efforts throughout the 1970s, the Federal
Government approached conservation through
all policy channels—subsidy, information trans-
fer, and regulation. A wide variety of programs
was authorized and funded.1 State and local

‘Federal R&D Funding for  Energy: Fiscal Years 1971-84, National
Science Foundation, Special Report, February 1983. “Energy con-
servation projects reflected the steepest gain of all energy R&D pro-

energy offices sprang up as well, and conserva-
tion was often a principal emphasis of these
programs.

The rapid learning curve on conservation and
its many positive characteristics made it popuIar
with many policy makers. The positive character-
istics of conservation include:

1.

2.

3.

4.

5.

6.

7.

8.

The ability to use a wide range of techniques
to solve the site-specific efficiency problems.
Small scale and an emphasis on existing
technology allowed for quick implemen-
tation.
Conservation options that were cheaper
than many supply options to meet heating
needs, and often do not require the large
capitalization of a large-scale supply tech-
nology.
Excellent returns or investment in efficiency
options through savings on future fuel cost
increases (the higher fuel costs rise, the faster
the return).
Potential for avoiding protracted conflicts
over the siting of new supply facilities, such
as power lines and generating plants, if re-
quirement for new supply is reduced.
Benign environmental impacts compared to
those from extractive fuel technologies, both
at extraction and use points.
Possibility for local and individual decision-
making and control.
Creation of jobs in manufacturing, installa-
tion, auditing, and related skills.

grams during the 1974-80 period, moving from $9 million to $264
million. The chief thrust was toward improved efficiency of energy
use in transportation, especially automobiles. A substantial share
of the effort was also aimed at buildings and community systems,
and at industrial systems, to be cost-shared with industry. The pres-
ent administration, in the belief that strong financial incentives ex-
ist within the economy to develop technically and economically
promising technologies, has reduced conservation activities to a
single program under the heading of energy conservation research;
industrial, transportation, and buildings and community systems
programs have been completely eliminated. Proposed R&D funding
for energy conservation was $19 million in the 1983 budget. The
average annual decrease of 58.5 percent for conservation support
in the 1980-83 period was the greatest of any energy program. ”
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While American energy use for all applications
has been dramatically reduced (on a per capita
or other appropriate basis), the portion of the re-
duction directly attributable to investments in im-
proved efficiency is the source of some debate.
Methods for measuring actual end-use behavior
are not in place, and the isolation of a single
variable is extremely difficult. For example, con-
sider personaI travel. The 1975 Energy Policy and
Conservation Act set fuel economy standards for
automobiles. Very substantial savings have re-
sulted from these standards and a shift in mar-
ket demand to smaller (more efficient) vehicles,
and the savings will continue and increase as the
stock of automobiles is turned over throughout
the 1980s. An additional factor in gasoline use,
however, is vehicle miles traveled. A large por-
tion of gasoline savings between 1978 and 1980
appears to have resulted from a reduction in vehi-
cle miles traveled. Similarly, energy use per unit
output in industry has dropped, but it also ap-
pears that the market basket of products has
altered to reflect a mix of products that are simply
less energy-intensive.

Without doubt the most complex area of anal-
ysis on the impacts of conservation has been in
energy use in buildings, and in particular in the
residential sector. U.S. energy use per household
is now strikingly below the levels predicted even
in the mid-l970s. There is growing evidence,

however, that most of this reduction is due to less
use and not to more efficient homes. Changing
patterns of household formation, shifting work
schedules, and other factors are also important.
All of these factors are strongly connected, how-
ever, and difficult to quantify separately.

In fact, one of the principal difficulties associ-
ated with conservation policy questions has been
the issue of measurement. While it is quite sim-
ple to measure new supply–a fuel is either pro-
duced or it is not–the attribution of savings to
specific actions is complex.

These measurement and attribution problems
aside, however, the response to energy conser-
vation opportunity stands as one of the striking
aspects of energy use in 1983, as opposed to that
in 1973. Energy conservation is now a criterion
in many investment decisions. Problems of im-
plementation now substantially outweigh prob-
lems in technology development, although there
are still many technical unknowns. Readers in-
terested in detailed analysis of the technical and
implementation issues relating to conservation
are encouraged to refer to the following OTA
publications: Residential Energy Conservation,
The Energy Efficiency of Buildings in Cities, ndus-
trial Energy Conservation, and Increased Auto-
mobile Fuel Efficiency and Synthetic Fuels: Alter-
natives for Reducing oil Imports.

BUILDINGS

Energy use in the residential and commercial of total sector energy use. The Energy lnforma-
sectors is largely determined by the stock of tion Administration (E IA) projects that natural gas
buildings. In 1980, the residential sector consisted will remain the primary residential fuel through
of 80 million households, an amount expected 1990, but its share will decline. By 1990 electri-
to increase to 95 million units by 1990. In the city is projected to replace natural gas as the pri-
commercial sector, there are about 4 million mary fuel in the commercial sector.
buildings, with a total floorspace of 44.7 billion -

Today, electricity use is second only to natu-
square feet (ft2). Total floorspace is expected to
grow to 57.7 billion ft2 by 1990.

ral gas in both the residential and commercial sec-
tors. Electricity is used primarily for nonheating

In both sectors, natural gas is the major fuel purposes, for example, in air-conditioning, light-
used, primarily because it is relatively inexpen- ing, cooking, and refrigeration, etc. By 1990, EIA
sive, clean, and easy to handle. In 1980, residen- estimates that residential electricity use will in-
tial gas use was equivalent in energy to 2.4 mil- crease to about one-third of all sector energy
lion barrels per day (MMB/D) of oil, or 52 percent used, principally due to greater use of electricity
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for space heating. In the commercial sector, 1980
electricity use was equivalent to 1 MMB/D of oil,
and EIA projects that this figure will increase to
1.4 MMB/D energy equivalent in 1990. This pro-
jected rise in commercial sector electricity use
is largely due to an increase in office and retail/
wholesale office floorspace, particularly in the
South and West regions, which are heavily de-
pendent on electricity.

About 14 million residential buildings use oil
(including kerosene) for heating and hot water;
consequently, the total oil used in the residen-
tial sector is relatively small. In 1980,0.7 MMB/D
of oil, or 15 percent of all energy, was used in
residential buildings. EIA projects that oil con-
sumption will decrease slightly, declining to a lit-
tle over 0.6 MMB/D by 1990. On a regional basis,
the highest percentage of heat from oil is found
in New England, followed by the Mid-Atlantic re-
gion. EIA data show that the percentage of oil
used for heat in homes is twice as high in urban
as in rural areas. Most of these homes are under
2,000 ft2 and were constructed before 1959.

Like the residential sector, the percentage of
commercial buildings using heating oil is small—
20 percent, or 762,000 buildings—and is concen-
trated in the Northeast. Moreover, the EIA pro-
jects that fuel oil use in the commercial sector
will increase throughout the 1980s. In 1980, this
sector consumed 0.6 MMB/D and is projected to
consume 0.7 MM B/D by 1990. Projected growth
in floorspace will offset the improvements in effi-
ciency and conversion to other energy sources.
By 1985, residential and commercial oil con-
sumption is projected to be about 1.3 MMB/D
with about half being consumed in each sector.

As stated previously, natural gas accounts for
a much larger share of the buildings sector total
than oil. Even though the natural gas share de-
clined in 1982, it still provided almost half (48 per-
cent) of total energy, while oil provided about
17 percent. Furthermore, as discussed in chapter
Ill, oil consumption by residential and commer-
cial users accounted for only about 8.3 percent
of total U.S. oil consumption. Consequently,
energy conservation in homes and commercial
establishments will likely have a much greater im-
pact on demand for natural gas than for oil.

Heating Oil Conservation

To estimate potential oil savings through in-
vestments in energy conservation in residential
and commercial buildings, OTA first determined
energy use by fuel for each sector separately from
1981 EIA State energy use data. These totals were
aggregated into the 10 Department of Energy re-
gions (see table 17). Next, OTA assumed that pe-
troleum demand in these two sectors would be
near the 1981 level when the hypothetical disrup-
tion occurs in 1985, This assumption means that
oil demand rebounds from its 1983 low. Cur-
rent EIA projections are in accord with this as-
sumption.

In these two sectors, oil is used primarily for
both space and water heating in buildings. About
80 to 85 percent is used for space heating, and
the remainder for water heating. The calculations
that follow concentrate on the space heating
portion.

OTA will also carry out the calculation of oil
conservation potential independently of the esti-
mate for fuel switching which of course is going
on at the same time. Initially, building owners will
probably invest in either or both conservation and
fuel switching when they see the price of oil
escalate rapidly as supplies are suddenly reduced.
Instead of making any assumptions about the sep-
arate contributions of the two types of invest-
ments, OTA calculated each alone, as if the other
were not occurring, and then combined the two
and eliminated the overlap. This last calculation
is described in chapter VI.

Table 17.—Assumed 1985 Oil Consumption in the
Residential and Commercial Sectors, by Region

(thousand B/D)

Residential Commercial Total
Region 1 . . . . . . . . . . . . 133
Region 2. . . . . . . . . . . . 145
Region 3. . . . . . . . . . . . 129
Region 4. . . . . . . . . . . . 81
Region 5. . . . . . . . . . . . 151
Region 6. . . . . . . . . . . . 25
Region 7. . . . . . . . . . . . 47
Region 8. . . . . . . . . . . . 18
Region 9. . . . . . . . . . . . 11
Region 10. . . . . . . . . . . . 26

Total 766

50
99
43
50
54

113
16

7
51

9

183
244
172
131
205
138
63
25
62
35

492 1,259
SOURCE: Office of Technology Assessment,
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Conservation in buildings can be achieved by
a number of means that reduce the energy re-
quirements of the building and its appliances, in-
crease the efficiency of energy-using equipment,
or some combination of each. For this analysis,
OTA considered only those investments that
would directly reduce heating oil requirements
and that would have the greatest effect in the
largest number of buildings. For residential build-
ings, analysis and post-retrofit data to date show
that the combined effect of insulation in ceilings
and walls and replacement of existing burner
assemblies on oil furnaces with high-efficiency
burners are the most cost-effective options for re-
ducing oil use. The data indicate that oil use for
space heating can be reduced by about 25 per-
cent for an average unit.

In contrast, the potential for insulation to re-
duce oil consumption in commercial buildings
is much more limited. For example, owners of
large commercial buildings with clad walls and
flat-roofed buildings with no cavity above the ceil-
ing will find adding insulation to be a rather un-
attractive investment. Replacement of burners,
however, will be quite cost effective, and will re-
duce oil use for heating about 20 to 25 percent
on the average. There are other opportunities for
commercial buildings such as conversion of ter-
minal reheat forced-air systems to variable air vol-
ume systems and installation of stack heat re-
claimers for heating systems that use water. Only
the replacement of burners, however, offers cost-
effective improvements in heating efficiency for

all types of commercial buildings and heating
systems.

The next step in determining potential oil sav-
ings is to estimate the number of buildings that
can be retrofitted2 during the 5-year period. In
the residential sector OTA assumed that one-
third, or 4.5 million homes, will be reached, This
number is somewhat arbitrary and recognizes
that many of the oil-burning homes in the coun-
try are not capable of being insulated or are
already insulated to the levels OTA assumes. In
the former category, there are many homes for
which wall insulation is not feasible because there
are no cavities in which to place insulation. In
addition, a number of homes would require ex-
tensive repairs before insulation could be ef-
fective.

For commercial buildings, OTA assumed that
all 762,000 buildings were reached. The much
smaller number of buildings combined with the
limitation on replacing burners in commercial
buildings was the basis for this assumption. Again,
the choice is somewhat arbitrary. As will be seen
in the next chapter, about 80 percent of the oil
used by all buildings is determined to be replaced
by alternative energy sources. Therefore the
amount of oil that is” replaced” by conservation
is small, and errors introduced by an incorrect
estimate of the number of buildings actually
retrofitted with insulation and/or new oil burners
—  - . - —

‘Retrofit means to install additional or replacement equipment
in an existing building.

Photo credit: U.S. Department of Energy

Insulation material is blown into the wall cavity to
increase the energy efficiency of this building

Table 18.-Potential Oil Replacement by Energy
Efficiency Investments in the Residential and

Commercial Sectors (thousand B/D)

DOE region 1985 1986 1987 1988 1989 1990

1 . . . . . . . . . . . . . . . . . . . . 8 15 19 21 23
2 . . . . . . . . . . . . . . . . . . . . 0 8 18 25 31 37
3 . . . . . . . . . . . . . . . . . . . . O 6 12 16 20 22
4 . . . . . . . . . . . . . . . . . . . . O 8 10 16 17 19
5 . . . . . . . . . . . . . . . . . . . . o 7 14 18 23 26
6 . . . . . . . . . . . . . . . . . . . . O 8 16 21 27 30

0 2 4 6 6 6
8: : : : : : : : : : : : : : : : : : : : o 2 3 3 3
9 0 5 8 10 12 14

10: : : : : : : : : : : : : : : : : : : : 0 2 4 5 5 5
Total = 185,000 B/D

SOURCE: Office of Technology Assessment; base consumption data Energy In-
formation Administration.
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will be even smaller, less than 10 percent of the
oil used in 1985.

Using the above assumptions, OTA calculated
the oil displacement schedule in buildings by re-
gion from 1985 through 1990. These figures are
shown in table 18. The total oil displaced at
the end of the 5 years by conservation is about
185,000 barrels per day or about 15 percent of
the total used for space heating in 1985 by all
buildings.

OTA estimates concerning the number of build-
ings that could be retrofitted over the 5 years
were determined by limitations imposed by the
physical state of the buildings themselves, be-
cause the principal source of conservation is the
insulation of the building shell in the case of
residential units. These estimates must now be
compared with the constraints presented by the
manufacturing capacity of insulation and replace-
ment burners and by the personnel needed to
audit these buildings and install the equipment.
Because OTA dealt only with equipment and not
with the physical condition of the structure, we
did not need to go through this two-step proc-
ess in that case. Personnel limitations, however,
were factored in.

OTA first determined whether sufficient addi-
tional insulation could be made available during
an oil disruption to meet the requirements cal-
culated above. Assuming a floor area of 1,200 ft2

and a wall area of 935 ft2 for a typical house, R-
30 insulation in the ceiling and R-11 in the walls,
about 46,000 R-ft2 of insulations is needed per
house, or a total of 216 billion R-ft2 for all the
residential buildings insulated over the 5 years.
In 1977, estimates of annual production capac-
ity for fiberglass insulation ranged from 100 bil-
lion to 160 billion R-ft2. In addition, the industry
expanded its production capacity in 1979 after
the increase in oil prices. Therefore, no appar-
ent constraints to meeting the insulation require-
ments for oil-heated homes at least, exist.4

Burner production capacity also appears to be
sufficient. The number of replacement burners

3R-ft2 is a measure of the wall or ceiling area being insulated times
the R value (insulation properties) of the insulating material.

4Residential Energy Conservation (Washington, DC: U.S. Congress,
Office of Technology Assessment, OTA-E-92, July 1979), p. 283.

required is about 5.3 million over the 5 years.
Current production capacity is about 1.5 million
a year. Therefore, as long as the replacement is
phased in over the entire period, there will be
no shortage. It must be noted that the fuel switch-
ing calculation for buildings described in the pre-
vious chapter required over 8 million replace-
ment burners to switch from oil to natural gas.
This apparent constraint is not real, however,
since only those oil users not converting to other
fuels–less than 1 million–would actually need
new oil burners. In other words, when conser-
vation and fuel switching are combined, about
9 million new, high-efficiency burners are re-
quired in total. With a modest growth in produc-
tion capacity (9 percent per year), this amount
could be supplied in the 5-year period.

Perhaps the greatest constraint to achieving the
oil savings target is the large amount of auditing
and retrofitting which will be needed. This, in
turn, will require a large increase in personnel
over current activities. In recent years, there has
been a decline in the number of private firms of-
fering these services, however. Many have gone
out of business or shifted their efforts to the com-
mercial sector because of decline in demand for
retrofits to residential buildings. Although a short-
age of knowledgeable auditors may exist imme-
diately after the disruption, a large number can
be trained and on the job within a short period
of time. The current industry standard for train-
ing auditors is about 6 to 8 weeks, including both
specific training and some on-the-job, supervised
time. Quality control, however, both in training
auditors and product installations and perform-
ance, may be a serious problem.

To see whether audits and retrofits can be per-
formed at the rate required to achieve the con-
servation targets, OTA examined the recent his-
tory of audit and retrofit programs. Under the
Residential Conservation Service, mandated by
the 1978 National Energy Conservation Policy
Act, nearly 2 million audits were conducted by
local electric or gas utilities from April 1981 to
March 1983.5 This figure does not include many
of the audits conducted by two of the largest and

5Eric H i rst, ~va/uatjon of UtI/Ity Home Energy Audit (RCS) Pro-
grams, Oak Ridge National Laboratory, February 1984, p. 3.

37-833 0 - 84 - 8
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most active utilities: the Tennessee Valley Author-
ity (TVA) and the Bonneville Power Administra-
tion (BPA). Between 1977 and 1983, TVA and
BPA conducted 750,000 and 209,000 audits, re-
spectively. In addition, TVA weatherized 350,000
units during that period. A large number of audits
were also completed by other utilities over the
last 5 years. For example, Pacific Gas & Electric
audited more than 350,000 homes and weath-
erized over 315,000 of them. Since 1981, the
Mass Save program sponsored by 48 utilities in
Massachusetts and Connecticut conducted 166,000
audits, and Pacific Power & Light conducted
66,000 audits and weatherized nearly 29,000
homes. Many others were probably retrofitted,
too, but were not reported by the utility since
they were done by private contractors or were
done by the homeowners themselves. While a
national total is not available, it appears from this
sample that there will be sufficient personnel to
perform the necessary audits and retrofits. This
is especially likely if the retrofits are confined to
installation of insulation and/or replacement
burners.

For commercial buildings the problems of hav-
ing sufficient numbers of qualified personnel to
perform the necessary audits and retrofits are
probably lower since there has been much more
interest in investing in commercial buildings than
in residential buildings for greater efficiency. In
fact, it is likely that the potential for lowering oil
use by conservation in these buildings may be
lower than the 25 percent OTA assumed because
substantial changes have already been made. The
error will not be large when fuel switching is ac-
counted for, however, since the net contribution
of conservation will be much lower than in the
case of no fuel switching.

Natural Gas Conservation

Although OTA concentrated its analysis on oil,
OTA expects that building owners who use nat-
ural gas will also undertake conservation efforts
during the 5-year period. Because of the large vol-
ume of natural gas used by buildings, even a
modest success in conservation will provide a
large quantity of natural gas for use as a replace-
ment for fuel oil. About 46 million households

and 1.9 million commercial buildings use natu-
ral gas as a heating fuel. In 1981 about 4.9 trillion
cubic feet (TCF) of natural gas was used to heat
these buildings. An additional 2.6 TCF was used
for other building energy services, primarily wa-
ter heating and cooking. If 10 percent of the
heating gas were conserved over the 5 years,
nearly 0.5 TCF/yr would become available at the
end of the 5 years, which would be about 25 per-
cent of the total that OTA estimates will be used
for fuel switching. The availability of that con-
served natural gas can be very important in eas-
ing any pressures that may arise if domestic nat-
ural gas production were to drop rapidly by 1990.

Obtaining a 10-percent reduction in natural gas
use, however, will require levels of insulation in
residential buildings and replacement burners in
commercial buildings that may stretch the pro-
duction capacity limits of those two items. If the
25-percent reduction in heating fuel requirements
per building that OTA assumed for the oil case
can be achieved, about 18.6 million residential
units will have to be insulated. This would amount
to 845 billion R-ft2 of insulation, which, when
added to the requirements for oil, would exceed
the upper end of the range of 1977 production
capacity. The expansion in production capacity
since 1977, however, coupled with the poten-
tial for expansion during the 5-year period (the
Ieadtime for capacity expansion ranges from 12
to 36 months) and the production capacity for
other types of insulation—e.g., cellulose, rock-
wool—should be sufficient to meet the combined
demands of oil- and natural gas-heated homes.
Problems may occur if there is also substantial
demand for electrically heated homes, although
those homes are usually better insulated than
homes heated by oil or natural gas.

Supplying the other major conservation tech-
nology, replacement burners, should not present
any problems if one assumes that they will be
needed only for natural gas-heated commercial
buildings. This is a plausible assumption since
residential buildings can achieve the 25 percent
savings with increased insulation alone, while in-
sulation will be far less effective for commercial
buildings, for reasons stated above. The type of
burners that would improve the efficiency of nat-
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ural gas-fired furnaces are somewhat different
than those needed for oil-fired furnaces because
the latter require atomization of the fuel, while
the gas burners do not. The principles behind in-
creasing combustion efficiency, however, are the
same for both types—e. g., increasing flame tur-
bulence and residence time–so there should not
be any significant difference in manufacturing ca-
pability between the two. With this assumption,
therefore, about 1.9 million replacement burners
would be required, which would be added to the
9 million for increased efficiency and conversion
to natural gas of oil-heated buildings. The sum,
about 11 million, could be produced over 5 years
if production capacity increased by about 19 per-

cent per year, starting with a 1985 production ca-
pacity of 1.5 million units per year. This growth
rate is high enough, however, that there will
probably be some limitations due to burner avail-
ability, although manufacturing is sufficiently sim-
ple that this growth rate could be achieved. The
result of the burner production limitation would
be to reduce the amount of natural gas available
by conservation. Given that case, conservation
in other uses of natural gas—cooking and water
heating–would have to make up any differences
that may be needed. The large amount used in
those categories, combined with many oppor-
tunities to increase efficiency there, makes it rea-
sonable that such gas can be made available.

TRANSPORTATION

In 1980, the transportation sector consumed
about 9.6 MM B/D of oil (see table 19), The main
fuels consumed were gasoline (6.5 MMB/D oil
equivalent), primarily for automobiles (4.6
M M B/D) and trucks (1.7 MMB/D), diesel (1.4
MMB/D), jet fuel (1 MMB/D), and residual fuel
oil (0,7 MMB/D). In addition, OTA estimates that
about 0.5 MM B/D were consumed by the indus-
trial sector in off-road construction, mining, and
agricultural machinery and equipment.

Consumption of gasoline, the dominant trans-
portation fuel, peaked in 1978 at 7.4 MMB/D (in-
cluding 0.1 MM B/D for nontransportation pur-
poses). By 1979 it had dropped to 7.0 MMB/D
and in 1980 it was 6.6 MMB/D. In OTA’s judg-
ment, only about half of this drop can be at-
tributed to the increased efficiency of vehicles on
the road; the other half must be due to a reduc-
tion in the vehicle miles of travel (VMT). Between
1980 and 1983, gasoline consumption has re-
mained nearly constant because the continued
increase in fuel efficiency has apparently been
offset by increases in VMT. By 1983, VMT had
returned to its 1978 level; and unless it continues
to rise, gasoline consumption is likely to drop to
around 6 MM B/D by 1985.6 Consumption of

other transportation fuels in 1985, on the other
hand, is likely to be similar to its 1980 level.

All but about 0.1 MMB/D of the diesel and re-
sidual oil used in the transportation sector is for
freight transports. OTA has not assessed poten-
tial fuel savings in freight transports, but a recent
Argonne study indicated that fuel consumption
could be reduced by 4 to 8 percent in an oil short-
fall, starting in mid-1981 and similar in magnitude
to the one postulated in this study. z The savings
could be achieved through a variety of measures,
including shifts in the mode of transportation
(from air to truck, truck to rail, and rail to marine),
changes in operating practices (e.g., less idling,
compliance with speed limits, fewer empty runs,
improved maintenance), and technical changes
(e.g., different types of air filters, lubricants, tires;
aerodynamic devices; temperature-controlled
fans). Although some of these changes will have
been implemented by 1985, the timeframe con-
sidered here (5 years) is longer than that consid-
ered in the Argonne study (1 year). Moreover,
some older vehicles can be replaced with newer,
more efficient models. The savings from fleet
turnover, however, is likely to be considerably
less than for passenger cars because transport

bThis assumes that the average fuel efficiency of new cars sold
in 1985 will be 27.5 miles per gallon (mpg) and that the percent-
age efficiency increase in light trucks on the road will be half as
large as that for automobiles.

7L. R. Johnson, et al., “Energy Contingency Planning for Freight
Transportation, ” Argonne National Laboratory, ANL/CNSV-34,
August 1982.
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Table 19.–Transportation Oil Use by Mode and Fuel Type, 1980

Fuel consumption (M MB/D)

Distillate Residual
Gasoline fuel oil Jet fuel fuel oil

Highway use. . . . . . . . . . . . . . . . . . . . . . . 6.3 0.9 —
Motorcycles and mopeds. . . . . . . . . .

—
0.02 — —

Automobiles . . . . . . . . . . . . . . . . . . . . .
—

4.6 0.03 —
Buses. . . . . . . . . . . . . . . . . . . . . . . . . . .

—
0.03 0.04 —

Trucks. . . . . . . . . . . . . . . . . . . . . . . . . . .
—

0.9 —
Nonhighway use. . . . . . . . . . . . . . . . . . . .

—
0.15 0.4 0.8 0.7

Air. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03 — 0.8
Water . . . . . . . . . . . . . . . . . . . . . . . . . . .

—
0.1 0.08 — 0.7

Rail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — 0.3 — 0.002
Snowmobiles . . . . . . . . . . . . . . . . . . . . 0.01 — —

Military operations. . . . . . . . . . . . . . . . . .
—

0.01 0.07 0.2 —

Total 6.5 1.4 1.0 0.7

SOURCE: Adapted from G. Kulp and M.C. Holcomb, “Transportation Energy Data Book, Sixth Edition," Oak Ridge National
Laboratory, ORNL-5883, 1982.

vehicles are kept longer than carsa and the dif-
ference in efficiency between new transport
vehicles and the average transport vehicle already
on the road is less than for cars. Consequently,
savings of the magnitude of 4 to 8 percent are
probably still reasonable.

Although the engines in off-road vehicles and
equipment used in construction, mining, and
agriculture (CMA) are similar in many respects
to those used for some types of freight transport,
many of the adjustments (e.g., shifts in transpor-
tation mode) are not available to users of indus-
trial engines. Consequently, the percentage of
savings from increased efficiency in CMA machines
and equipment is likely to be considerably
smaller than that in freight transport; and OTA
has not included any savings in the area of CMA
machines and equipment.

Passenger aircraft consume about 75 percent
of all jet fuel and over 98 percent of the jet fuel
consumed by nonmilitary aircraft. Reductions in
fuel consumption by passenger planes can be
achieved by reducing the weight of interior
equipment (e.g., seats, shelves), operating planes
with fewer empty seats, removing exterior paint
to reduce aerodynamic resistance, and other
changes. Also, some planes will be replaced by
newer, more efficient models. Again OTA has not
assessed potential fuel savings in passenger planes,
but if their fuel consumption could be reduced

*G. Kulp and M. C. Holcomb, “Transportation Energy Data Book,
Sixth Edition, ” Oak Ridge National Laboratory, ORNL-5883, 1982.

by 5 to 10 percent, the total savings in freight
transport and passenger aircraft would be about
0.1 to 0.2 MMB/D.

Considerably larger savings are likely in pas-
senger cars and light trucks. g Because the auto
industry has been changing production facilities
to produce more efficient cars and light trucks
for a number of years, fuel consumption will drop
between 1985 and 1990, with or without an oil
disruption.

To illustrate the probable magnitude of the fuel
savings, OTA has calculated three scenarios for
automobile fuel consumption, shown in figure
35. In each case, it was assumed that the VMT
are proportional to the number of automobiles
on the road (i.e., average miles per vehicle is con-
stant, as has roughly been the case historically).10

It was also assumed that the average fuel effi-
ciency of new cars sold in 1985 will be 27.5
mpg. 11

In the base scenario (A) OTA assumed that the
number of automobiles will increase by 5 per-
cent between 1985 and 1990, that new car sales
will average 11 million vehicles annually, and that
the new car fuel efficiency in 1990 will be 27.5
mpg. For the disruption scenarios (B and C), OTA

glncrease~  AIJrOrnc)~;je  Fue/ Efficiency and 5ynthetic Fue/s:  Alter-
natives (or Reducing Oi/ Imports (Washington, DC: U.S. Congress,
Office of Technology Assessment, OTA-E-185, September 1982).

IOKulp and HOlcOmb, OP. cit.

I I EPA composite  fuel  efficiency, consisting of .55 percent city and
45 percent highway driving cycles. Actual on-the-road fuel efficiency
is assumed to be 10 percent lower than this.
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1985 1986 1987

Scenario
A

— — .
aAt 5.5 million Btu per barrel of oil

SOURCE: Office of Technology Assessment.

assumed that annual new car sales are depressed,
averaging 7 million vehicles, and that the new
car fuel efficiency in 1990 is 36 mpg, reflecting
a market demand for more efficient vehicles. In
scenario B, the automobile fleet size remains con-
stant, while in scenario C, it grows by 2.5 per-
cent between 1985 and 1990.

As can be seen in figure 35, the fuel savings
in each of the scenarios are quite similar, about
0.6 to 0.7 MMB/D. These results show that the
effects of opposing factors influencing fuel con-
sumption more or less cancel one another. In the
base case scenario, vehicle travel increases and
demand for fuel efficiency is low. But new car
sales are high, so many older, less efficient cars
are replaced. In the disruption scenarios, new car
sales are depressed; but travel increases less
rapidly, and those cars that are sold are more ef-
ficient than in the base case.

One could postulate other scenarios, in which
high sales and demand for fuel efficiency are
coupled with low or no growth in travel; and the
fuel savings could be increased to about 1 MMB/D.

1988 1989 1990
Year

Scenario Scenario
B c

Or one could combine low sales and no increase
in new car fuel efficiency with increased travel,
in which case the savings could drop to about
0.4 MMB/D. In OTA’s judgment, however, the
scenarios shown in figure 35 represent the most
plausible combinations of circumstances.

If one assumes that the percentage increase in
the efficiency of light trucks is half that of auto-
mobiles, due to the slower turnover of the fleet, 12

then fuel consumption by light trucks would drop
by about 0.1 MMB/D under circumstances simi-
lar to those postulated for automobiles. Total sav-
ings from increased efficiency of automobiles and
light trucks between 1985 and 1990 would then
be about 0.7 to 0.8 MMB/D, and the total reduc-
tion in fuel demand for transportation would be
0.8 to 1 MMB/D.13

12KU  1P and Holcombl  oP. cit.

I JThiS  magnitude  of fuel savings is consistent with a relatively con-
stant demand for transportation services. A reduction or change
in demand could also have a large effect, however. For example,
if demand for transportation services drops by 10 percent across
the board, fuel consumption would drop by an additional 0.9
MMB/D;  and if 10 percent of the passenger-miles traveled by car
shifts to buses, the savings would be around 0.2 MMB/D.
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INDUSTRY

Since 1951, industrial use of energy in the
United States grew from 17.4 quadrillion Btu per
year (quads/y r), to almost 27 quads/yr by 1979.
Since then, it has decreased rapidly to just over
21 quads/yr in 1983, although there are indica-
tions that industrial energy use is beginning to
grow again.

In figure 36, the growth in industrial energy use
reflects increases in the use of natural gas and
petroleum fuels, and a decrease in the use of coal.
The latter occurred because of the economic
advantage of oil and gas compared to coal, in-
cluding the environmental restrictions imposed
on coal use in the 1970s. In 1950, coal was the
largest source of industrial fuel, accounting for
almost 40 percent of the energy used. Petroleum
and natural gas accounted for approximately 25
percent each. By 1978, these shares had changed
dramatically; coal accounted for only 12 percent
of total industrial fuel, while petroleum had in-
creased to nearly 40 percent. In terms of growth
rates, total industrial energy use has grown at a

Figure 36.–lndustrIal

rate of 1.7 percent per year between 1951 and
1979, and use of petroleum has grown at a rate
of 3.5 percent per year. Coal use decreased at
2.7 percent per year. The absolute amount of pe-
troleum used by industry rose from 1.96 MMB/D
in 1951 to a high of 5.14 MMB/D in 1979.

It is apparent that 1978-79 was a watershed for
energy use in American industry. Total final de-
mand for energy fell from a 1979 high of 26.8
quads/yr (counting electricity at 3,412 Btu per
kilowatthour [kWh]) to a 1982 level of 21.2 quads/
yr. Oil fell from a 5.1 MMB/D industrial consump-
tion level in 1979 to a 1982 level of 4.0 MMB/D.
During this period petroleum’s share of total
energy use stayed approximately constant at 37
percent.

Table 20 lists the 10 most petroleum-intensive
industries, as reported in the Department of
Energy’s 1980 Industrial Energy Efficiency Im-
provernent annual report. These figures do not
include petroleum basic feedstocks. The great-

Energy Demand, 1951-81

1951 1956 1961 1966 1971 1976 1981

Year

SOURCE: Energy Information Administration.
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Table 20.—lndustrial Users of Residual Oil
for Fuel–1980

Petroleum use
Industry (thousand B/D)

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

Paper and allied products . . . . . . . . . . . 169
Petroleum and coal products . . . . . . . . 133
Chemicals and allied products . . . . . . . 99
Primary metals ., , . . . . . . . . . . . . . . . . . . 72
Food and kindred products . . . . . . . . . . 34
Stone, clay and glass products . . . . . . 22
Transportation equipment . . . . . . . . . . . 17
Textile mill products. . . . . . . . . . . . . . . . 9
Rubber and miscellaneous plastics . . . 7
Machinery, except electrical . . . . . . . . . 6

SOURCE: /ndustr/al Energy Efficiency Improvement Program: Annual Report to
the Congress and the President 1980, Department of Energy, Office
of Industrial Programs, Washington, DC.

est quantity of petroleum was consumed by the
paper and allied products industry (SlC14 26),
even though this industry was about so percent
self-sufficient through the use of biomass as fuel.
Note also that the top four petroleum-consuming
industries account for over 80 percent of all re-
sidual fuel oil used in industry. This means that
if petroleum use is to be curtailed or made more
efficient, these four industries must play a large
part.

OTA has made projections of the trends in fuel
use which shouId occur by the year 2000, given
a set of fuel prices that increase modestly but pro-
gressively over that time span. These projections
were reported on extensively in OTA’s report on
Industrial Energy Use.15 OTA projected that total
industrial fuel use will increase above current
levels, but at a rate much lower than the rate of
growth of industrial output. The share of petro-
leum-based fuel is projected to decline from its
current level of 37 percent of all industrial fuel
to less than 30 percent by the year 2000.

Technologies Available to
Reduce Oil Dependence

A number of technologies are now available
whose widespread implementation could exten-
sively reduce oil use by U.S. industry. Those tech-
nologies can be broken down into two broad
areas: general technologies, such as those for heat

IASIC means  Standard Industrial Classification of the U.S. Depati-
ment of Commerce.

I J/ndu5trfa/ EnerW Use (Washington, DC: U.S. Congress, office
of Technology Assessment, OTA-E-1  98, June  1982).

recovery which are applicable to many industries;
and specific technologies for particular industries.

General technologies include the following:

1. Housekeeping covers those things industry
can do to improve the efficiency of energy use
with a minimum of monetary investment. Items
included would be routine maintenance of steam
lines to prevent loss of steam through inoperative
traps, switching off equipment not needed, and
adjusting heat, ventilation, and air-conditioning
systems for optimum performance at minimum
cost .

2. Computer control systems either are added
to improve the performance of an existing boiler
system used to raise steam, or added to an in-
dustrial process to monitor a production line to
see that feedstock material is not wasted and to
ensure product quality. Addition of computer
control systems to boilers allows the close moni-
toring of air and fuel so that unneeded air is not
heated and unneeded fuel is not burned. In a pro-
duction line, a computerized process control sys-
tem can be used to optimize such things as pa-
per thickness, polymer color, or petroleum vis-
cosity. A number of parameters can be monitored
simuItaneously.

3. Waste heat recovery systems are available
to improve the overall efficiency of energy use
by recovering heat from combustion gases in a
steam boiler or by recovering excess thermal
energy from a process stream product. For ex-
ample, when petroleum is first distilled, large
quantities of energy are used to fractionate crude
oil into different boiling-range components. How-
ever, the resulting distillates may not need to be
so warm, Therefore, a heat exchanger can be
built into the process stream to allow crude oil
feedstock to absorb some of the thermal energy
from the distillate before being introduced to the
distillation unit, resulting in less energy being
needed to fractionate the feedstock.

Another approach to heat recovery involves
upgrading thermal energy to a level which can
be useful as a heat source. A large amount of in-
dustrial energy is lost from process streams at
temperatures less than 300° Celsius. To use such
energy, vapor-recompression or heat pumps are
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needed to raise this low temperature heat to a
more useful temperature and pressure. In terms
of Btu, low-level heat has enormous potential to
improve industrial energy efficiency.

Many industries have energy conservation tech-
nologies available to them that are unique to that
industry. Below are some categories of technol-
ogies available to four of the most energy-in-
tensive industries.

1. The Chemicals and Allied Products Indus-
try. Technologies available for reducing petro-
leum dependence in the chemicals industry ex-
ist in two broad areas. The first involves improve-
ments in physical separation technology, specif-
ically the modification and possible elimination
of distillation as a chemical separation technique.
Incremental improvements in the distillation
process, retrofitted to existing installations, al-
ready have achieved significant (e.g., 25 percent)
savings in many plants. Further improvements of
comparable magnitude could be made.

Alternative approaches to liquid separation are
on the horizon, and could be implemented if
distillation costs were high enough. These tech-
niques include freeze crystallization separation,
vacuum distillation, and liquid-liquid (solvent)
extraction. The latter is a most promising tech-
nique, entailing the use of a solvent with a high
affinity for one component of a chemical mixture,
but immiscible with the remaining components.
Using this technique, separation involves two
steps: decanting and closed-loop evaporation/
condensation of the solvent. One company has
already used the technique in a synthetic fiber
plant, saving an estimated 40,000 barrels of oil
equivalent annually.

Production integration technologies also are
available for improving petroleum use efficiency
in the chemicals industry. Perhaps the simplest
example is cogeneration of steam and electri-
city.16 However, many other opportunities exist,
notably in integrating chemical production into

16Cogeneration  is the simultaneous production of both electri-

cal or mechanical power and thermal energy from a single energy
source. A detailed discussion of promising cogeneration tech-
nologies can be found in /ndustria/ and Commercial Cogeneration
(Washington, DC: U.S. Congress, Office of Technology Assessment,
OTA-E-1  92, February 1983).

petroleum refining complexes. Also, integration
of the production of ethylene, propylene, and a
wide range of petrochemicals from a naphtha-
based (aromatics-based) scheme is a strong pos-
sibility by 1990. Another option would be to in-
tegrate ethylene and acetylene production with
ammonia and/or methanol. Ethylene/acetylene
coproduction will become increasingly attractive
as distillate prices rise and heavier feedstocks are
used.

2. The Petroleum Refining Industry. The pe-
troleum refining industry uses about 10 percent
of its crude oil throughput as fuel for the various
refining processes such as distillation and crack-
ing. Since one of the assumptions of this study
is that there is a sustained shortfall of 2.2 MM B/D
in crude oil (an additional 800,000 B/D of im-
ported petroleum products, mostly residual fuel
oil, are also lost), it follows that the refining in-
dustry would use about 200,000 B/D less as fuel.
This is probably conservative, since undoubtedly
the most inefficient refining operations would be
the ones shut down in a curtailment.

In addition to the lowered throughput, many
of the technologies applicable to Chemicals and
Allied Products can also be used in petroleum
refining, And given the large amounts of low-level
heat produced by refineries, there is the possi-
bility of both thermal and mechanical recovery
of heat using either new designs for production
units or heat pumps.

3. The Paper and Allied Products Industry.
The paper industry is now over 50-percent energy
self-sufficient through using wood residue and
spent paper pulping liquor as production fuel.
One of the most efficient means of improving
energy use in the industry would be to retire older
equipment. The paper industry is unique in that
much of its equipment is very long-lived, some
as much as 50 years. New technologies available
to the industry include continuous digesters for
pulp production, cogeneration of steam and elec-
tricity or steam and mechanical drive, and new
papermaking processes that reduce the amount
of water that must be removed in drying.

4. The Iron and Steel Industry. Efficiency im-
provements in the iron and steel industry will in-
volve simultaneous phasing out of older ineffi-
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Photo credit: International Paper Co.

Paper and pulp are made from wood chips in an
energy-efficient continuous digester

cient plants and equipment and the widespread
introduction of the new technologies of electric
arc furnace (EAF), minimills that recycle large
amounts of scrap steel, and continuous casting
(CC), which eliminates the cooling-reheat cycle
for making intermediate steel products such as
blooms and billets. The recent worldwide reces-
sion and resuIting manufacturing overcapacity is
forcing steel manufacturing firms to eliminate
open hearth furnace operations in favor of EAF
and CC technologies. However, while these new
technologies will make steel making more effi-
cient, they will not have a dramatic impact on
petroleum use since only 7 percent of the energy
used for steel making is petroleum.

Energy Conservation Potential
of Industry

Industry has the potential to replace about 25
percent of its 1985 evel of fuel oil consumption
through increased efficiency and process changes
over a 5-year period after the onset of an oil short-
fall, while maintaining production levels. The
analysis underlying this projection, much of

which was carried out in support of OTA’s re-
cently published IndustriaI Energy Use report, is
based on an engineering and economic com-
puter model called “ISTUM,” the industrial Sec-
tor Technology Use Model which OTA used to
examine the four most energy-intensive industries
in U.S. manufacturing. For these industries, po-
tential oil and natural gas savings were calculated
for investments that would minimize total energy
use per unit of production.

In the OTA report, oil and gas prices were
postulated to increase an average of 3.5 percent
per year between 1980 and 2000, while coal and
electricity prices remained relatively constant.
Product output for the entire industrial sector was
assumed to grow at a rate of 2.9 percent per year.
Energy use was then calculated to grow at one-
third of this rate—i.e., 1 percent per year.

In the case of an oil supply shortfall, many
anomalies would occur. Oil prices would quickly
and dramatically increase, and industrial output
would likely decline as overall demand for indus-
trial products declined. In addition, the decline
in crude oil supplies would result in a drop in
refining throughput. The effect of these anomalies
on oil consumption has been approximated through
the

●

●

●

following assumptions:

increased prices of oil fuels would acceler-
ate investment in energy conservation proj-
ects by manufacturing firms if they choose
to remain in production. This analysis
assumes that energy-efficiency improvements
that took place over 10 years in the original
OTA projection (1985-95) would be achieved
in 5 years—i. e., by 1990.
Output from the major oil-consuming indus-
tries (except refining) will remain flat on the
average for this 5-year period.
Opportunities for the improvement of petro-
leum fuel use efficiency will be roughly com-
parable to that of the pre-disruption case.
Even though OTA assumed that production
output is not increasing, a certain amount
of capital stock will still be replaced. To the
extent that new equipment is used, it will be
more energy efficient than the old equip-
ment. Therefore, energy consumption per
unit of output will decline over the 1985-90
time span.
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● Refinery throughput will have decreased by
about 2.2 MMB/D after 5 years, with an ad-
ditional 800,000 B/D decline in imported re-
sidual oil.

By removing economic growth from the pre-
vious OTA results derived from ISTUM (for 1985
to 1995) and compressing those results from 10
to 5 years, we can account for the first two as-
sumptions. We find, in this case, that about
250,000 B/D of distillate and residual fuel oil and
liquefied petroleum gas (LPG) can be replaced
between 1985 and 1990. In addition, the decline
in crude oil throughput accounts for an additional
200,000 B/D, or a 0.4-quad decline in fuel use.
The total of the two factors–conservation and
lowered refinery through-put–is about 450,000
B/D, of which about one-third draws from the
same pool of oil as was considered for fuel switch-
ing in the previous chapter.

In addition to oil savings, these conservation
measures will also reduce natural gas use. Natu-
ral gas freed in this way can be used to replace
oil requirements in industry and buildings not
eliminated by conservation. Table 21 shows the
projections of industrial energy conservation that
can be achieved with each fuel over the 5-year
period.

The final line in table 21 shows the conserva-
tion potential which is available in the event of
an oil disruption. These figures show that 1.3
quads of natural gas could be saved, along with
a total of 0.34 quad of petroleum-based boiler
fuels. Under this scenario, coal, residual oil, and
natural gas use was adjusted to eliminate fuel
switching that was incorporated in the original
ISTUM analysis. In addition, a correction was ap-

plied to the petroleum refining industry, to ac-
count for a decrease in conservation opportu-
nities that would accompany a decrease in refinery
throughput in that industry.

Projections of energy use for the four most
energy-intensive industries were made for each
technology within each industry, and these were
totaled to project overall energy use by fuel
within each of these industries. These projections
were based on ISTUM modeling that analyzed
energy use by dividing energy use into various
energy service categories, a number of which are
generic to all industries, while others are specific
to a particular industry. Among the former are
such categories as fuel for boiler-generated steam
or fuel for heating, ventilation, and air-condition-
ing. Among the latter—specific to an industry—
are those fuels for pulping of wood in the paper
industry and crude oil distillation in petroleum
refining. The numbers determined this way were
then subjected to the same manipulation as de-
scribed above for the energy of the total indus-
trial sector—i.e., 1 O-year conservation measures
are expected to be accomplished in 5, and there
will be zero growth in each industry. In addition,
petroleum refining industry fuel use has been cut
by 200,000 B/D owing to decreased crude oil
throughput.

In figures 37 through 39, OTA presents projec-
tions of the changes that are anticipated to oc-

cur in petroleum-based energy use, natural gas-
based energy use, and total energy use within
each of the four key energy-intensive industries.
In the case of petroleum fuel use (fig. 38), the pa-
per industry is projected to decline from a 1985
level of 130,000 B/D to a 1990 level of 86,500

Table 21.—Fuel Use Projections (in quadrillion Btu)

Total residual
Natural Residual Disti l late and distillate

gas oil oil oil LPG Coal

1985 use . . . . . . . . . . . . . . . 6.94 0.98 0.33 1.31 0.46 1.70
1990 use . . . . . . . . . . . . . . . 4.51 0.78 0018 0.96 0.29 2.83
1985-90 change. . . . . . . . . + 2.43 -0.20 + 0.15 + 0.34 +0.16 —
Adjustment for

fuel switching . . . . . . . . + 1.13 — — — — + 1.13
Final fuel use

conservation
Potential . . . . . . . . . . . . . + 1.30 + 0.20 + 0.15 + 0.34 + 0.16 0.00

S O U R C E :  O f f i c e  o f  T e c h n o l o g y   A s s e s s m e n t .
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B/D, most of which will be used to raise steam. Summary
Much of that oil will be replaced by biomass fuels
derived from wood feedstock. The chemicals in- In summary, OTA has projected that U.S. in-

dustry is projected to reduce its petroleum fuel dustry is capable of a 250,000 B/D reduction in

use by about 50,000 B/D over the 5 years, ow- petroleum-based fuels in the 5-year period be-
ing primarily to technological changes in the tween a 1985 disruption and 1990, plus an addi-
industry-specific categories. tional drop of 200,000 B/D due to reduced re-

finery throughput. In addition, increased efficiency
In steel manufacturing, petroleum fuel use is of natural gas use could save 1.3 TCF/yr of natu-

projected to decline from 91,000 B/Din 1985 to
less than 80,000 B/D in 1990, again reflecting

ral gas (equivalent in energy to 650,000 B/D of
oil) in the same 5-year period.

technological change—i.e., to the penetration of
EAFs.

Figure 37.—Total Fuel Use Projection (energy for four Industries)
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Figure 3&—Petroleum Fuel Use projections (consumption by four major industries)
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Figure 39.—NaturaI Gas Use Projections (consumption by four major industries)
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