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Foreword

This report presents the findings of an assessment requested by the Senate Com-
mittee on Commerce, Science, and Transportation. The study assesses and compares
increased automobile fuel efficiency and synthetic fuels production with respect to their
potential to reduce conventional oil consumption, and their costs and impacts. Con-
servation and fuel switching as a means of reducing stationary oil uses are also con-
sidered, but in considerably less detall, in order to enable estimates of plausible future
oil imports.

We are grateful for the assistance of the project advisory panels and the many other
people who provided advice, information, and reviews. It should be understood, how-
ever, that OTA assumes full responsibility for this report, which does not necessarily
represent the views of individual members of the advisory panels.

JOHN H. GIBBONS
Director
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Chapter 1
Executive Summary

INTRODUCTION

In 1981, U.S. oil imports averaged 5.4 million
barrels per day (MMB/D)-approximately 34 per-
cent of its oil consumption and 15 percent of its
total energy use. This is potentially a serious risk
to the economy and security of the United States.
Furthermore, recovery from the current recession
will increase demand for oil and, although cur-
rently stable, domestic oil production is likely to
resume a steady decline in the near future.

Several options exist for reducing oil imports.
However, even with moderate increases in auto-
mobile fuel efficiency, moderate success at de-
veloping a synthetic fuels industry and the ex-
pected reduction in stationary use of fuel oil, U.S.
oil imports could still be over 4 MMB/D by 2000,
if the U.S. economy is healthy and has not under-
gone unforeseen structural changes that might
reduce oil demand well below projected levels.

Only with vigorous promotion of all three op-
tions and technological success can the Nation
hope to eliminate oil imports before 2010.

Congress faces several decisions on how to re-
duce the U.S. dependence on imported petro-
leum. Two options, increased automobile effi-
ciency and synthetic fuels, are particularly likely
to be subjects of congressional debates. First,
Congress may want to consider new incentives
to increase auto fuel efficiency beyond that man-
dated by the 1985 CAFE (Corporate Average Fuel
Efficiency) standards. Second, Congress will have
to decide whether to continue into the second
phase of the program to accelerate synfuels devel-
opment under the Synthetic Fuel Corp. (SFC). The
purpose of this report is to assist Congress in mak-
ing these decisions and comparing these options
by exploring in detail the major public and private
costs and benefits of increased automobile fuel
efficiency and synthetic fuels production. A third
option for reducing imports-increased efficien-
cy and fuel switching in stationary (nontranspor-
tation) oil uses—is examined briefly to allow an
assessment of potential future levels of oil im-
ports. Finally, electric-powered automobiles are
examined.

CONCLUSIONS AND COMPARISONS

Import Reductions

In the judgment of the Office of Technology
Assessment, increased automobile fuel efficiency,
synthetic fuels production, and reduced station-
ary (nontransportation) use of oil can significantly
decrease U.S. dependence on oil imports dur-
ing the next two to three decades. indeed, reduc-
ing oil imports as quickly as possible requires that
all three options be pursued. Electric cars are
unlikely to play a significant role, however.

Although a precise forecast of the future contri-
butions of the import reduction options is not fea-
sible now, it is possible to draw some general
conclusions about their likely importance and to
estimate what their contributions could be under
specific circumstances (see fig. 1).

First, increases in auto fuel efficiency will con-
tinue, driven by market demand and foreign

competition. OTA believes that, with strong and
consistent demand for high fuel efficiency, there
is a good chance that actual average new-car fuel
efficiencies would be greater than OTA’s low sce-
nario in which average new-car fuel economy*
was projected to be:

30 miles per gallon (mpg) .. ..... in 1985
BmMpg ... , in 1990
A3MPY .o , in 1995
51mpg........ ... .. ... ... in 2000

with a moderate shift in demand to smaller cars.
Although this scenario is based on modest techni-
cal expectations, it is dependent on favorable
market conditions. Domestic automakers are un-
likely to commit the capital necessary to continue

*EPA values, based on 55 percent city, 45 percent highway. On-
the-road fuel economy is expected to average about 10 percent less.

3
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Figure 1.—Potential Oil Savings Possible by the Year 2000°(relative to 1980 demand)
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SOURCE: Off Ice of Technology Assessment.

the current rapid rate of increase in efficiency
unless they improve their sales and profits.

If the industry is able to attain the fuel efficien-
cy levels shown above, the United States would
save 800,000 barrels per day (bbl/d) of oil by 2000
compared with the case where post-1 985 new-
car efficiency remained at 30 mpg. The savings
would increase to at least 1.1 MMB/D by 2010
because of continued replacement of older, less
fuel-efficient automobiles.

With a poorer economic picture and weaker
demand for high fuel efficiency, new-car efficien-
cies could be 40 mpg or less by 2000, with cor-
respondingly lower savings. Achieving 60 to 80
mpg by 2000 would require not only favorable
economic conditions and strong demand for fuel
efficiency, but also relatively successful technical
development.

Second, substantial contributions to oil import
reductions from production of synthetic fuels
appear to be less certain than substantial contri-
butions from the other options. Potential syn-

W mndem

ey e

wolt ‘,adm
summary.

fuels producers are likely to proceed cautiously
for the following reasons: 1 ) investment costs are
very high (even with loan guarantees covering
75 percent of project costs); 2) there is a fairly
small differential between the most optimistic of
OTA'’s projected synfuels production costs and
the current price of oil; 3) investors are now un-
ertain about future increases in the real price of
oil; and 4) there are high technological risks with
the first round of synfuels plants (possibly exacer-
bated by the cancellation of the Department of
Energy’s (DOE) demonstration program).

OTA projects that, even under favorable cir-
cumstances, fossil-based production of synthetic
transportation fuel could at best be 0,3 to 0.7
MMB/D by 1990 and 1 to 5 MMB/D by 2000. Bio-
mass synfuels could add 0.1 to 1 MMB/D to this
total by 2000. In less favorable conditions—for
example, if the SFC financial incentives were
withdrawn—it appears unlikely that even the low-
er fossil synfuels estimate for 1990, and perhaps
2000, could be achieved unless oil prices increase
much faster than they are currently expected to.
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Achieving much more than 1 MMB/D of syn-
fuels production by 2000 would require fortuitous
technical success and either: 1 ) unambiguous
economic profitability or 2) continued financial
incentives requiring authorizations considerably
larger than those currently assigned to SFC.
Achieving production levels near the upper limits
for 2000 are likely to be delayed, perhaps by as
much as a decade, unless there is virtually a “war
mobilization” ’-type effort.

Third, there are likely to be large reductions
in the stationary use of fuel oil (currently 4.4
MMB/D) in the next few decades. With just cost-
effective conservation measures, stationary fuel
oil use could be reduced significantly. Additional
conservation measures by users of electricity and
natural gas could make enough of these fuels
available to replace the remaining stationary fuel
oil use by 2000. Total elimination of stationary
fuel oil use by 2000 is unlikely, however, because
site-specific factors and differing investor payback
requirements will mean that a significant fraction
of the numerous investments needed for elimina-
tion will not be made.

Fourth, even a 20-percent electrification of the
auto fleet—a market penetration that must be
considered improbable within the next several
decades—is unlikely to save more than about
0.2 MMB/D. Electric cars are most likely to re-
place small, low-powered-and thus fuel-efficient
—conventional automobiles, minimizing poten-
tial oil savings.

Plausible projections of domestic oil production
—expected by OTA to drop from 10.2 MMB/D
in 1980 to 7 MM B/D or lower by 2000—suggest
that oil imports could still be as high as 4 to 5
MM B/D or more by 2000 unless imports are re-
duced by a stagnant U.S. economy or by a re-
sumption of rapidly rising oil prices. * Achieving
low levels of imports-to perhaps less than 2
MM B/D within 20 to 25 years-is likely to require
a degree of success in the three major options
that is greater than can be expected as a result
of current policies.

*Rapidly rising oil prices are unlikely to occur simultaneously with
a stagnant U.S. economy unless the economies (and oil import re-
quirements) of Europe and others are thriving at the same time.

costs

Except for stationary fuel oil reductions, eco-
nomic analysis of the options for reducing oil im-
ports involves a comparison of tentative cost esti-
mates for mostly unproven technologies that will
not be deployed for 5to 10 years or more. Even
if costs were perfectly estimated for today’s mar-
ket (and the estimates are far from perfect), dif-
ferent rates of inflation in the different economic
sectors affecting the options could dramatically
shift the comparative costs by the time technol-
ogies are actually deployed. Figure 2 presents
OTA’s estimates for the investment costs for all
options except electric cars. The costs are ex-
pressed in dollars per barrel per day, which is the
amount of investment needed to reduce petro-
leum use at a rate of 1 bbl/d. * In OTA’s judgment,
the estimated investment costs (in dollars per
barrel per day) during the 1990’s of automobile
efficiency increases, synthetic fuels production,
and reduction of stationary uses of oil are essen-
tially the same, within reasonable error bounds.
If Congress wishes to channel national invest-
ments preferentially into one of these options,
differentials in estimated investment costs can-
not provide a compelling basis for choice.

On the other hand, investments during the
1980’s to reduce stationary oil use (from the cur-
rent 4.4 to 3 MM B/D or less by 1990) and in-
crease automobile fuel efficiency (to a 35 to 45
mpg new-car fleet average by 1990) are likely to
cost less than the 1990-2000 investments in any
of the options.

Electric vehicles are likely to be very expensive
to the consumer—costing perhaps $3,000 more
per vehicle than similar, conventional auto-
mobiles or $300,000 to $400,000/bbl/d of oll
saved, (The latter is not strictly comparable to in-
vestment costs for the other options. ) If batteries
must be replaced at moderate intervals, which
is necessary today, the total costs of electric cars
would escalate.

*This measure was chosen in order to avoid problems that arise
when comparing investments in projects with different lifetimes and
for which future oil savings may be discounted at different rates.
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Figure 2.—Estimated Investment Costs for the Oil Import Reduction Options

Increased automobile
fuel efficiency

SOURCE: Office of Technology Assessment.

Technological and Economic Risks

The general perception of the technological
and economic risks of the import reduction op-
tions is: 1) that the reduction of stationary oil use
has comparatively predictable costs and few tech-
nological risks; 2) that synthetic fuels have severe
economic and technological risks; and 3) that in-
creased auto fuel efficiency has moderate eco-
nomic and technological risks. OTA’s analysis in-
dicates that these perceptions are correct only
to a limited extent.

Z Although the costs and technology of fuel
switching are well known and involve little risk,
the success of retrofitting a given building to
increase its energy efficiency often cannot be

| 45-80 mpg

40-65 mptg‘;y 2000

by 1995* I

Synfuels Reduction in stationary
uses of fuel oil :
in the 1990’'s

35-50 mpg
by 1990°

Estimated 1985 cost of
conventional oil and gas
exploration and
development in the United States

accurately predicted because of site-specific
considerations that cannot be adequately
quantified.

The differences in risks between synfuels devel-
opment and increased automobile fuel efficien-
cy are less a matter of overall magnitude than
of timing.

Synfuel production involves considerable tech-
nical and economic risks for the first round of
commercial-scale facilities, but once full-scale
process units have been demonstrated the risk
for future plants should drop substantially.
Some increases in automobile fuel efficiency
can be implemented with negligible technolog-
ical and small economic risks, but increases
to very high efficiencies do involve significant
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technical and economic risks. Also, as the
number and rate of changes in automobiles in-
creases, there is increased risk that consumers
will not accept the automobiles and that insuffi-
cient development and testing will lead to poor
on-the-road performance and/or product re-
calls.

Additional Bases for Comparison—
Environmental, Social, and
Economic Effects

Increased auto fuel efficiency may reduce ve-
hicle safety as cars are made smaller and lighter.
But in all but extreme cases of vehicle size reduc-
tion, improvements in vehicle design and in-
creased passenger use of safety restraints have
the potential to offset any effects of reduced size
and weight on the vehicle’s protection of its oc-
cupants in a crash.

Continued pressure for increased fuel efficien-
cy will dictate new plant investments which will
reinforce the ongoing restructuring of the U.S.
auto industry. This restructuring involves a shift
in manufacturing away from the traditional pro-
duction centers to the Sun Belt and overseas, and
stronger industry ties with foreign manufacturers.
The composition and size of the manufacturing
work force may evolve towards a greater propor-
tion of skilled workers but fewer workers overall.
Increased sophistication and capital investment
may be required for vehicle maintenance. A re-
duction in the number of suppliers to the auto
industry may also result.

Large-scale synthetic fuels production would
generate significant amounts of toxic sub-
stances, posing risks of health damage to work-
ers and possible risks to the public through con-
tamination of ground waters or by small
amounts of toxics left in the fuels. There should
not be any technological barrier to adequate
control of these substances, but OTA concludes
that there are substantial reasons to be con-
cerned about the adequacy both of proposed
environmental protection systems and of the ex-
isting regulatory structure.

9a-2el~-a2-2:¢r13

Other important effects of synfuels produc-
tion stem from the very large scale of both the
individual projects and, potentially, the industry
as a whole. These may overwhelm the social and
economic resources of nearby population cen-
ters, especially in sparsely populated areas of the
West. At national production levels of a few mil-
lion barrels per day, impacts from coal and shale
mining and population pressures on wilderness
areas and other fragile ecosystems can be sub-
stantial even in comparison with major industries
such as coal-fired power generation. On the other
hand, conventional air pollution problems from
such plants are likely to be considerably less than
those associated with similar amounts* of coal-
fired power generation.

Finally, although water requirements for syn-
fuels are a small fraction of total national con-
sumption, growth of a synfuels industry could
either create or intensify competition for water,
depending on both regional and local factors.
Such competition is of special concern in the arid
West. Unfortunately, a reliable determination of
both the cumulative impacts on other water users
and, in some instances, the actual availability of
water for synfuels development is precluded by
physical and institutional uncertainties, changing
public attitudes towards water use priorities, and
the analytical shortcomings of existing studies.

However, in areas where there are relatively
few obstacles to transferring water rights (e.g., as
is currently the case in Colorado), developers
should be able to obtain the water they need
because their consumption per barrel of oil pro-
duced is small enough to enable them to pay a
relatively high price without significantly affect-
ing the final cost of their products.

Electric vehicles, if they are ever produced in
large quantities, could have an important posi-
tive environmental effect-the reduction of
automobile exhaust emissions and resulting im-
provements in urban air quality.

*On a “per unit of coal used” basis.



8+ Increased Automobile Fuel Efficiency and Synthetic Fuels: Alternatives for Reducing Oil Imports

POLICY

OTA’s analysis points to two conclusions that
may warrant congressional consideration of
changes in current Federal energy policy.

First, current policies affecting investments in
energy conservation and domestic energy pro-
duction are not likely to result in levels of oil im-
ports below 4 MMB/D in 2000, if the U.S. econ-
omy is healthy and has not undergone unfore-
seen structural changes that might reduce oil de-
mand well below projected levels. During the
next 20 years, OTA expects that, under these
policies, oil import reductions due to synthetic
fuels production and decreased stationary and
automobile oil use will be partially offset by a
decrease in domestic production of conventional
oil. Reducing net oil imports to 1 or 2 MMB/D
or less by 2000 is likely to require more vigorous
pursuit of all options for reducing domestic con-
sumption of conventional oil products. On the
other hand, elimination of current conservation
and synthetic fuels production policies could
cause imports to range from 5 to 6 MMB/D by
2000 under these same economic conditions.

Second, current policies may not provide soci-
ety with adequate protection from some of the
adverse side effects of synthetic fuels develop-
ment and increased automobile fuel efficiency.
Of particular concern are possible reductions in
automobile crash safety (as the number of
smaller, more fuel-efficient cars increases), inade-
quate control of toxic substances from synfuels
development, and adverse socioeconomic effects
from both options.

Because of the large technical, economic, and
market uncertainties inherent in the analyses of
oil displacement options, Congress may wish to
emphasize flexible incentives with provisions for
periodic review and adjustment. A stable com-
mitment to oil import displacement will be neces-
sary, however, to maximize the effect of such
policies.

Stimulating Oil Import Reductions

The level of oil imports at the turn of the cen-
tury will be determined by market forces, modi-
fied by Government policy towards oil supply

and demand. The imposition of Federal policy
on the workings of the private market generally
is justified on the basis of the market’s failure to
value public costs and benefits. A particularly im-
portant public cost of U.S. dependence on im-
ported oil, for example, is the national security
problem imposed by political instability in the
Middle East and the resulting potential for oil cut-
offs. Although the precise magnitude of these
costs is debatable, most people would agree that
they are significant ($5 to $50/bbl depending on
various circumstances) and that the private mar-
ket generally does not take them into account.

Efforts to displace imports also have both public
and private costs. In addition to the potential side
effects just mentioned, Government interference
in the oil marketplace can cause significant misal-
locations of resources. Congress will have to bal-
ance costs and benefits, which cannot be re-
duced to common measures and which change
with time, in a complex tradeoff.

One policy option to displace imports is an en-
ergy tax, either on oil imports or on oil in gen-
eral. Both taxes have the advantage of encourag-
ing alternatives to conventional oil consump-
tion without predetermining which adjustments
would be made. They could be used to provide
consistent price signals to the market—to assure
the auto industry, for example, that demand for
fuel-efficient cars would continue and to assure
synfuels developers that they would receive at
least a constant real price for their products. im-
posing a tax only on transportation fuels would
send the same sighal to both the auto industry
and to producers of synthetic transportation fuels,
but this preferential treatment would be at the
expense of other conservation or synfuels
production investors.

All of these petroleum taxes also have a number
of other effects which must be considered. For
example, a tax only on oil imports leads to an
income transfer from domestic oil consumers to
domestic oil producers; and all oil taxes can lead
to reduced international competitiveness of do-
mestic industries heavily dependent on oil, such
as the petrochemical industry.
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policies can also be directed specifically at the
automobile or synfuels industries. The most effec-
tive of these options will be those that directly
address the factors that shape, direct, and limit
the contributions that the automobile and syn-
fuels industries can make to import displacement.

The critical factors that determine the pace of
increased automobile fuel efficiency are con-
sumer demand for fuel efficiency and the finan-
cial health of the domestic auto industry. If the
industry is uncertain about demand, it will be re-
luctant to make the expensive investments. And
with continued poor sales, the industry will be
less able to afford them.

Aside from energy taxes, Congress can main-
tain and stimulate consumer demand for fuel ef-
ficiency by a variety of measures that would raise
the relative costs to consumers of owning ineffi-
cient cars. For example, registration fees (one
time or annual) and purchase taxes or subsidies
are incentives that can be directly linked to fuel
efficiency. However, fuel-efficiency incentives
that do not discriminate with respect to car size
would tend to increase sales of small cars at the
expense of larger cars. Such discrimination might
hurt domestic manufacturers, which have been
most vulnerable to foreign competition in the
small-car market.

Congress can also choose policies aimed at
auto production such as continuing to require
manufacturers to improve fuel efficiency by
means of stricter CAFE or similar standards that
would ensure increased fuel efficiency even if de-
mand for this automobile attribute is low. This
regulatory route might reduce some risks to auto-
makers by requiring all to make similar invest-
ments. On the other hand, car sales may suffer
if the costs of the fuel savings—either in higher
sticker prices or reductions in some desirable ve-
hicle attributes—-are higher than consumers are
wiling to pay. Fuel-economy requirements are
likely to be perceived by the industry as exceed-
ingly risky unless the requirements are accom-
panied by measures to stimulate demand or to
ease the resulting financial burden on the auto-
makers.

To help ensure that the fuel-efficient cars are
actually bought and that the automakers can ac-

quire the capital needed for increasing fuel effi-
ciency, Congress may also wish to directly pro-
mote sales of fuel-efficient cars. A low-interest-
rate loan program (with interest rates tied to fuel
efficiency) is one potentially effective mechanism.
Congress may also wish to consider awarding di-
rect grants or loan guarantees for qualifying in-
vestments in auto manufacturing facilities.

The factors that determine the pace of synfuels
development are the high degree of technical un-
certainty and the continuing uncertainty about
future oil prices. Both areas of uncertainty con-
tribute to doubts about profits.

Current Federal policy maintains the valuable
incentives associated with SFC, but reemphasizes
DOE’s research, development, and demonstra-
tion programs. The loan guarantee mechanism
offered by SFC significantly improves the proba-
bility of financial success for a developer and
probably will be necessary to ensure even a few
hundred thousand barrels per day of synfuels pro-
duction by the early 1990’s. Several major risks
to synfuels investors remain, however. Cost over-
runs could nullify any potential profits because
developers must base their product prices on the
market prices of competing fuels rather than on
synfuels production costs. It is also probable that
several first generation commercial-scale units
will function poorly, and rapid expansion of the
industry may thereby be delayed.

Since the SFC program appears to be attract-
ing the capital needed to build and demonstrate
a series of first generation commercial-scale pro-
duction units, cancellation of DOE’s programs
may not turn out to be particularly harmful to syn-
fuels development if the first plants perform
well. However, cancellation of the demonstra-
tion program probably will mean that fewer tech-
nologies reach the stage where SFC support is
possible. Reemphasis of development programs
may also delay findings that would be useful in
fixing the technical problems that are likely to
arise in the first commercial-scale units. To hedge
against the possibility of poor operation delay-
ing expansion, Congress may wish to support de-
velopment programs intended to demonstrate the
technical feasibility of a variety of processes and
to gain basic knowledge of and experience with
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these processes. Although these demonstration
programs support second and third generation
processes, they will also provide engineering in-
formation that may be useful for correcting tech-
nical faults and reliability problems that may arise
in first generation plants.

Dealing With Other Effects

An important effect of increasing automobile
fuel efficiency is the potential for decreased auto-
motive safety due to size and weight reduction.
There may also be major employment-related
side effects associated with the restructuring of
the auto industry and the accompanying acceler-
ated rates of capital investment by the industry.
There are familiar policy instruments that can deal
with both of these effects. For the safety effects,
Congress can choose among safety standards for
new cars, educational programs, and support of
safety R&D. Employment effects may be eased
by minimizing plant relocations (through tax
breaks or direct assistance to the industry), or by
ameliorating the effects of employment reduc-
tions through aid to communities and affected
workers and other individuals.

potential environmental and worker-related
problems associated with synfuels development
are substantial, and there is cause for concern
about the adequacy of future regulation of the
synfuels industry. The Government can help to

assure that the private sector takes account of
these problems. Specific areas worthy of congres-
sional attention include: the environmental re-
search and regulatory programs of the Environ-
mental Protection Agency (EPA), DOE, the Office
of Surface Mining, and the Occupational Safety
and Health Administration, in light of recent
budget cuts and changes in program direction;
the dismantling of DOE’s demonstration program
for synfuels technologies; and the progress of SFC
in demanding appropriate consideration of siting,
monitoring, pollution controls and occupational
safety as a condition for financial assistance. Con-
gressional options range from holding oversight
hearings to increasing the resources of the envi-
ronmental regulatory agencies and shifting their
program emphases by legislation.

To mitigate the socioeconomic effects on com-
munities from synfuels development, Congress
may wish to consider several forms of growth
management assistance, including loan guaran-
tees, grants, and technical assistance. Any new
Federal initiatives in this area will be complicated,
however, by continuing arguments about relative
responsibilities of Federal, State, and local govern-
ments and private industry. And new initiatives
need to be sensitive to the substantial differences
from location to location in the severity of im-
pacts and the resources already available for miti-
gation.

OVERVIEW OF THE IMPORT REDUCTION OPTIONS

Increased Automobile Fuel Efficiency

Automobile fuel efficiency can be increased
through a variety of measures, including:

« reductions in vehicle weight;

+ improvements in conventional engines,
transmissions, and lubricants;

« better control of engine operating param-
eters;

+ new engine and transmission designs;

+ reduced aerodynamic drag;

« improvements in accessories; and

« decreases in rolling resistance.

Projections of Fuel Economy

Future oil savings from increased automobile
fuel efficiency depend, first, on the magnitude
and character of future auto sales. In the past few
years, consumer preferences for such fuel-econ-
omy-related characteristics as vehicle size and
performance have fluctuated while new car sales
have dropped significantly. Both the long-term
sales average and consumer preference for fuel
efficiency will be critical determinants of the rate
of penetration of fuel efficiency technology.

Second, in response to changing consumer
preferences and foreign competition, the rate of
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change of vehicle technology has accelerated and
old rules about how long it takes to put a new
technology into place* are no longer valid. The
present rapid rate of replacement of capital equip-
ment puts a great strain on the domestic auto in-
dustry. During the next several years, competitive
forces will push toward continued rapid techno-
logical change, but the financial weakness of the
domestic auto industry will pull toward slower
technological change. The strength of future for-
eign competition and consumer perceptions of
the future price and availability of gasoline and
diesel fuel, among other factors, will influence
the balance of these opposing forces, and, conse-
quently, whether rapid increases in fuel efficiency
of domestically produced cars continue.

Third, the efficiency increases are not fully pre-
dictable. There can be discrepancies between test
results and the results obtained in actual use.
Technical compromises that affect ultimate per-
formance have to be made to allow better inte-
gration with existing equipment, easier and
cheaper production and assembly, and resistance
to extreme operating conditions and incorrect
maintenance procedures. Development prob-
lems are not always solved satisfactorily; such
problems could occur more frequently if techno-
logical change accelerates.

OTA developed projections (table 1) of plausi-
ble ranges of average new-car fuel economy
based on varying expectations of the relative de-
mand for different-sized cars and the effectiveness
and rate of development and introduction of new
fuel-economy improvements. As reflected in
these projections, both technology and vehicle
size are critical factors for future fuel savings. Mar-
ketplace uncertainty is reflected even as early as
the 1985 projections—manufacturers’ plans and
the technology are already established, but the

*For example, previous assumptions were: 5 years to move from
initial production decision to introduction of a technology in a
model line; 5 to 10 years to diffuse the technology throughout the
new car fleet; and 10 to 15 years of production to pay for the invest-
ment. The estimate of 5 years to move from initial production deci-
sion to introduction may now be a bit too low, while increased
rate of change of vehicle technology would necessarily reduce the
other two estimates.

Table 1 .- Projected Average New-Car Fuel
Economy,®1985.2000 (mpg)

1985 1990 1995 2000

No further shift towards smaller

cars beyond 1985 . . . . . . . . .. 30-34 36-45 39-5443-62
Moderate further shift to

smaller cars . . . .. ... ... .... 30-34 38-48 43-5951-70
Rapid shift to small Cars . ... .. 33-37 43-53 49-6558-78

aBased onera city/highway (55/45 percent) cycle. Each of the mileage ranges
(e g., 3034) reflects relative expectations of the performance and rate of develop-
ment and deployment of new technologies. The lower value represents OTA’s
“low estimate” scenario, the upper value represents a “high estimate” scenario.

SOURCE: Office of Technology Assessment

Note on Table 1: Can We Do Better?

The projections in table 1 do not represent the technological limit
of what could be achieved in this century. The most efficient auto-
mobiles in each size class are likely to achieve considerably better
fuel economy than the average; for example, technologies are avail-
able that probably can allow a new-car fleet average of 60 mpg by the
mid-1990’s with the same mix of vehicle sizes as today’s and adequate
vehicle performance (compared with the table’s 1995 “same size mix”
projection of 39 to 54 mpg). This ignores consumer preferences for
vehicle features that conflict with fuel economy maximization, how-
ever. By the same argument, the 1981 new-car fleet average could have
been 33 mpg if consumers had consistently chosen the most efficient
vehicle in each of the nine EPA size classes and producers had been
able to meet the demand. Instead, the actual 1981 model average to
January 1981 was 25 mpg.

Interestingly enough, if consumers had chosen only the most fuel-
efficient gasoline-powered automobiles in each size class, over 90
percent of the vehicles would have been U, S.-manufactured cars or
captive imports. The market problems of U.S. manufacturers in 1981
cannot be traced primarily to an inability of U.S. manufacturers to pro-
duce fuel-efficient cars, but depend on factors such as differences
in perceived value between American and imported automobiles.

The difference between average fue! efficiency, which is a func-
tion of consumer preference, and potential fuel efficiency, which
assumes that every car in the fleet embodies the most fuel-efficient
choice of technologies available, is critical to understanding why
OTA's projections may differ from other projections that apply a sin-
gle choice of technologies to the entire fleet. The latter assumption
is realistic only if future consumers value fuel economy, relative to
other automobile attributes, much higher than they do today.

projections still range from 30 to 37 mpg* (com-
pared to the 1981 level of 25 mpQ).

How much fuel can be saved by improved fuel
economy? Assuming 30 mpg as a base and using
the projections in table 1, continued develop-
ments in automobile fuel efficiency could save
0.6 to 1.3 MMB/D of oil by 2000. The lower
value represents pessimistic expectations about
the advance of automobile technology and the
shift towards smaller cars; the higher value repre-
sents optimistic technological expectations and
continued substantial shifts to small cars. Contin-

* Based on a weighted average of 55 percent EPA city test cycle
and 45 percent EPA highway cycle, the formula used to measure
compliance with currently mandated CAFE requirements.
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ued diffusion of these technologies into the
overall fleet could save 0.8 to 1.7 MMB/D by
2010 with no further technological advances be-
yond 2000. *

costs

OTA'’s cost analysis of auto fuel-efficiency im-
provements concentrates on investment costs in
total dollars as well as dollars per barrel per day
of oil saved. Estimates of the costs for associated
technology and product development are in-
cluded in the investment costs,** because they
are part of the normal outlays needed to put any
new vehicle in production and represent a sizable
fraction of the fixed costs (i.e., costs independent
of production levels).

It is not possible to make highly accurate esti-
mates of the investment costs (per barrel per day
of oil saved), due to the uncertainty associated
with predicting actual efficiency increases that
will be achieved. In addition, the cost of develop-
ing technologies to the point where they can be
reliably mass-produced has been highly variable
and is difficult to predict.

Accurate cost estimation also is complicated by
the difficulty of separating the cost of increasing
fuel efficiency from the other costs of doing busi-
ness. Increases in fuel efficiency are inextricably
intertwined with other changes in the car. For ex-
ample, the engine redesign for fuel efficiency may
incorporate other changes, to improve other
automobile attributes, at little additional cost. De-
sign changes that increase efficiency may improve
or degrade other attributes such as emissions or
performance.

If it is the industry’s judgment that consumers
do value fuel efficiency, the normal cycle of cap-
ital turnover and vehicle improvement would re-
sult in an increase in fuel efficiency automatical-
ly. Unfortunately, the “normal” rate of fuel effi-
ciency increase is not really predictable because

*Assuming 1.26 trillion vehicle miles (automobile only) traveled
annually in 2000, 1.31 trillion in 2010, and an on-the-road fuel ef-
ficiency 10 percent less than EPA rated fuel efficiency.

**|n this context, development means all of the engineering activ-
ities needed to prove a design concept and determine how it can
best be integrated into the vehicle system and mass-produced.

it depends on marketplace preferences and cor-
porate strategies.

Because of the difficulty of separating out the
marginal fuel efficiency investments from the
“normal” investments, OTA’s investment cost
estimates (in dollars per barrel per day) in table
2 are the total investments (including develop-
ment costs) allocated to increasing fuel efficien-
cy, divided by the total fuel savings rate expected.
(See footnote ¢ of table 2 for the details of the
cost al location.) These investment rates may be
somewhat lower than the marginal rates would
be because, in designing their “normal” invest-
ment programs, manufacturers probably will se-
lect those investments with the highest potential
payoff in efficiency increase per dollars spent.

In any case, the range of investment rates for
increased fuel efficiency for each time period
overlap the rates for investments in synfuels plants
(see Synthetic Fuel section below), although the
1985-90 fuel-efficiency rates would be lower than
the synfuels rates if widespread expectations for
overruns in early synfuels investments are proved
correct,

The total domestic capital investment associ-
ated with increased fuel efficiency would be
about $25 bilion to $70 billion between 1985 and
2000, or less than $2 billion to $5 bilion annu-
ally during the period. This level of investment
can be compared with recent and projected capi-
tal investment by the industry* remembering that
part of the fuel-efficiency investment could be in-
cluded in “normal” capital expenditures if con-
sumer demand for fuel efficiency is high enough.
For the period 1968-77, annual capital investment
by General Motors (GM), Ford, and Chrysler aver-
aged $6.68 billion in constant 1980 dollars. In-
vestments by these companies rose to $10.4 bil-
lion in 1979 and $10.8 bilion in 1980, and are
projected by some analysts to rise to $12 billion
per year during 1980-84. The ability of the
domestic industry to maintain their expected
schedule of capital expenditures is dependent on

*The two sets of figures are not fully analogous. A portion of the
domestic industry’s costs are for overseas investments, while a por-
tion of the 1985-2000 fuel efficiency costs will be borne by outside
suppliers rather than the major manufacturers.
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Table 2.—Domestic’Investment for Increased Fuel Efficiency

Total investment

Car sales New-car fuel Efficiency investment (billion 1980%
Time (mill ionlyr) efficiency (mpg)® (thousand 1980 $/bbl/day) during time period)
1985-1990 . ... oot 8.6 38-48 20-60 8-29
1990-1995 . . .. .. 8.8 43-59 60-140 9-20
1995-2000 . . ..o v 9.1 51-70 50-150 7-18

aassumes 75 percent of all cars sold are manufactured domestically.

bF|eet average miles per galion atend of time period, with moderate shift in demand to w?' idler cars, ) )
CRepresents costs allocatedt. fuelefficiency, including associated development costs of 40 percent of capital spending. Investmentwas allocated in the following

way: 50 percent of the total engine investment is assumed to be for fuel efficiency; 75 percent of the total investment for conventional transmissions is for fuel effi-

ciency; and alt of the investment for advanced materials subst_itutic”B,C%LtJ

dincludes all capital costs associated withfuel efficiency, including fraction al
SOURCE: Office of Technology Assessment.

a resumption of their former levels of sales and
profitability. There are already signs that U.S. auto
manufacturers are beginning to cut back on
planned investments in the face of continued
poor sales and declining cash reserves.

If consumer demand for fuel efficiency is con-
sistently strong, domestic manufacturers are likely
to respond by at least incorporating into their
“normal” * rate of capital turnover as many fuel-
efficiency features as possible. if capital turnover
is limited to its historical “normal” rates, then the
fuel efficiencies shown in table 1 could still be
achieved, but it would take longer to implement
the changes than is indicated by the schedules
shown in that table. In particular, implementa-
tion of the low scenario could require 25 percent
longer (relative to 1985) than the schedule in
table 1; and the high scenarios could require 45
percent longer. Whether the high or the low sce-
nario is eventually achieved, however, also de-
pends on the success of technical developments.

If demand for fuel efficiency were high enough,
however, the manufacturers would increase their
redesign/replacement rates. By adding $5 billion
to $10 bilion in capital expenditures during
1985-2000, or $0.3 billion to $0.7 bilion per year
(5 to 10 percent above “normal”), capital turn-
over can be speeded up to allow the low scenar-
ios to be achieved on the schedule in table 1.
Similarly, if technology developments are suc-
cessful, the high scenario could be achieved as
shown in table 1 with capital expenditures of $9

*Assuming “normal” capital turnover is: engines improved after
6 years, on average, redesigned after 12 years; transmissions same
as engines; body redesigned every 7.5 years; no advanced-materials
substitution.

tomatic engine an/off, and energy storage devices is for fuel efficiency.
ed to other attrb %Iu(?m% g Y

utes, but e evelopment costs,

billion to $23 billion above “normal” during the
period 1985-2000, or $0.6 bilion to $1.5 billion
per year (10 to 20 percent above “normal”).

If future demand for fuel efficiency is not high
enough to support these rates of change, in-
creases in fuel efficiency will be further delayed
unless required by new CAFE standards. On the
other hand, CAFE standards without analogously
high consumer demand for efficiency would re-
quire the manufacturers to either defer expendi-
tures for other improvements that might help car
sales or to incur additional capital costs.

The consumer costs of increased fuel efficien-
cy, measured in dollars per gallon of gasoline
saved, are speculative because the variable costs
—mostly material and labor costs—are even more
difficult than investment costs to determine accu-
rately. OTA’s analysis is based on alternative as-
sumptions about the degree of change in material
and labor costs. A direct calculation of these costs
would have been expensive and the results diffi-
cult to defend because the source data is proprie-
tary and highly dependent on judgments about
the success of adapting technologies to mass pro-
duction. Table 3 shows the range of costs attrib-
uted to fuel efficiency assuming that consumers
value future gasoline savings as highly as today’s
savings (i.e., without discounting future savings*)
and that manufacturers pass through the full
costs. Conceivably, foreign competition could
force the manufacturers to absorb part of these
costs.

*The cost perceived by consumers would be about 2.5 times as

high as those shown if the consumer discounts future fuel savings
at 25 percent per year, i.e., each future year's savings during the
life of the car is valued at 25 percent less than the previous year’s
savings.
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Table 3.—Consumer Costs for Increased Automobile Fuel Efficiency, Without
Discounting Future Fuel Savings, Moderate Shift to Smaller Cars

Average new-car fuel

Consumer cost’($/gal saved)

efficiency at end of No variable cost  High variable
Time period time period (mpg) increase cost’increase
1985-1990 . .. ... 0.15-0.40 0.40-1.10
1990-1995 .. .. ..o 0.35-0.85 1.10-2.60
1995-2000 . ... ..o 0.30-0.95 0.90-2.80

8assumes g capital recovery factor per year of 0,15 times the capital investment allocated to fuel efficiency
Assumes variable cost increase is twice the capital charges associated with the capital investments allocated to fuet efficiency.

SOURCE: Office of Technology Assessment.

The consumer costs of fuel efficiency range
from values that are easily competitive with to-
day’s gasoline prices to values that are consider-
ably higher, depending on the efficiency gains
actually achieved, the success of developing pro-
duction techniques that can hold down variable
cost increases, and the value consumers place
on future fuel savings. Investments for increased
efficiency for the 1990-2000 model years will look
particularly risky if the current soft petroleum
market continues for a few more years, or if auto
manufacturers have difficulty holding down their
labor and materials costs.

Another important measure of the cost to con-
sumers of increased fuel efficiency is the increase
in the price of new cars required to recover the
industry’s increased production costs. If the
market demand for fuel efficiency is strong
enough to ensure that as much as possible of the
capital investment for fuel efficiency increases is
incorporated into the normal capital turnover,
and if the variable costs of production can be held
constant, then the cost* of achieving OTA’s fuel-
efficiency scenarios can be as low as $60 to $130
per car during the 1985-2000 time period. Under
these conditions, an average of 35 to 45 mpg
could be achieved by 1990 without increasing
new-car costs.

If actual market demand for fuel efficiency is
not this high, automakers would be unlikely to
incorporate a very high level of fuel efficiency in-
vestments into their normal capital turnover. Also,
the variable costs of production are likely to rise
somewhat. The “upper bound” for added costs
—assuming large increases in variable costs and

*Assumes a capital recovery factor of 0.15.

no market-driven investment for fuel efficiency
increases beyond 1985—is $800 to $2,300 per car
during the 1985-2000 period, and $250 to $500
per car to achieve 35 to 45 mpg by 1990. There-
fore, the cost per car of increased fuel efficiency
beyond 1985 ranges from “clearly competitive”
to “probably unacceptable. ”

Economic Impacts

The domestic automobile industry is in the
midst of a massive investment program aimed at
improving the competitiveness of American auto-
mobiles. These expenditures are associated with
important structural changes in the industry; and
accelerating the rate of capital turnover (for in-
creased fuel efficiency or other reasons) may ac-
celerate some of these trends.

Manufacturers are closing older, inefficient
plants and building new ones that incorporate
extensive use of robots and other labor-saving
technology to increase productivity. For a num-
ber of reasons, including lower labor and other
costs, many of the new facilities may be built in
the Nation’s Sun Belt or overseas rather than in
the current North-Central auto manufacturing
centers, although recent labor concessions may
change this picture. Because of a shift in U.S. de-
mand to smaller cars, which can be marketed
more universally, the incentive to produce in the
United States is diminishing. Finally, because rap-
id capital turnover is raising production costs at
a time when consumer demand for automobiles
has been sluggish, manufacturer profits have
diminished and it has become harder for the firms
to secure capital at affordable costs.

American companies are forging more exten-
sive ties with foreign manufacturers to design,
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produce, and market fuel-efficient cars, and are
moving towards producing more nearly standard-
ized automobiles that can compete in internation-
al markets. Current trends seem to be toward few-
er separate automotive manufacturing and supply
firms worldwide; only GM and Ford appear to
be reasonably certain of remaining predominant-
ly American-owned.

Certain regions such as the industrial Midwest
—and the Nation as a whole—wiill lose jobs if
these structural changes continue. Job losses also
would occur, however, if the process is inter-
rupted, because the restructuring represents the
industry’s response to the conditions that caused
its present market problems, and it clearly is
aimed at regaining sales.

Social Impacts

As auto manufacturing and supply activities be-
come more efficient and automated, there wiill
be important changes in the workplace environ-
ment. Robots and other automated equipment
will increasingly be used for the more routine and
dangerous jobs, and skilled workers such as engi-
neers and maintenance technicians should be-
come a greater percentage of the smaller total
work force. Shifting manufacturing overseas will
reduce U.S. employment in primary manufactur-
ing as well as in supplier companies. Although
employment losses may be larger in the supplier
industries, the effects in these industries will be
distributed over a larger geographical area. Em-
ployment in related activities such as repair and
service will change to accommodate the new
auto characteristics—e.g., repairs of plastic body
components require adhesives, not welding—and
the increasing sophistication and capital invest-
ment required for vehicle maintenance will place
new demands on shops and dealers.

Fuel efficiency increases also affect automobile
owners by changing the physical attributes of the
vehicle and the economics of owning cars. For
example, a continued reduction in car size could
lead to increasing use of rentals for longer trips
or for occasional requirements for increased car-
go-carrying capacity. Increases in the initial cost
of buying a car are likely to lead to a continua-
tion of current trends of keeping cars longer,

resulting in a slower growth or reduction in new-
car sales.

Environment, Health, and Safety

Increasing automobile fuel efficiency appears
likely to have a relatively benign effect on the nat-
ural environment and public health, because
most of the efficiency measures have few adverse
effects on auto emissions, emissions associated
with vehicle manufacturing, etc. An important ex-
ception may be any shift to widespread use of
diesel engines, which could cause problems with
vehicle particulate and nitrogen oxide (NO,)
emissions. Also, the increased production of light-
weight materials—particularly aluminum—may
cause additional impacts, such as increased
energy consumption in processing and increased
demand for bauxite. On the other hand, signifi-
cant downsizing of automobiles could allow ei-
ther lower vehicle emissions or lower control
costs to maintain current emission levels.

In contrast to their expected small effect on pol-
lution levels, fuel conservation measures that
stress reducing vehicle size may have a signifi-
cant adverse effect on vehicle safety. This is be-
cause of the important role in crash survival
played by “crush space”* and other size- and
weight-related factors. Even a relatively small de-
cline in vehicle safety could cause hundreds or
even thousands of additional deaths and serious
injuries per year.

There is no widely accepted estimate of the
maghnitude of this effect. The National Highway
Traffic Safety Administration has projected a
10,000 per year increase in traffic deaths from
vehicle size reductions by 1990, but this is based
on a limited data set and a number of simplifying
assumptions. And a net increase in traffic deaths
is not inevitable, since increased usage of passen-
ger restraints and improvements in vehicle design
could more than offset the effect of moderate size
reductions.

*With a smaller “crush space” (thus, more rapid deceleration
of occupants in a crash), factors such as seatbelt and shoulder re-
straint usage, better driver training and traffic control, and other
safety measures, become more important determinants of traffic
safety.
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Synthetic Fuels

Production of a variety of fossil fuel-based syn-
thetic fuels is planned or under development.

. Oil shale can be heated to release a liquid
hydrocarbon material contained in the shale.
After further upgrading a synthetic crude oil
similar to high-quality natural crude oil can be
produced. This can be refined into gasoline,
diesel and jet fuels, fuel oils, and other prod-
ucts.

. Coal can be partially burned in the presence
of steam to produce a so-called “synthesis” gas
of carbon monoxide and hydrogen, from
which gasoline, methanol, diesel and jet fuel,
and other liquid fuel products (“indirect lique-
faction”) or synthetic natural gas (SNG) can
be produced.

. Coal also can be reacted directly with hydro-
gen (which is itself generated from a reaction
of steam and coal) to produce a synthetic
crude oil (“direct liquefaction”). This oil can
be converted to gasoline, jet fuel and other
products in specially equipped refineries.

Projection of Synfuels Development

The principal technical deterrent to rapid de-
ployment of a synfuels industry is the lack of prov-
en commercial-scale synfuels processes in the
United States. Shale oil, indirect coal liquefaction,
and SNG processes currently are sufficiently de-
veloped that the demonstration of commercial-
scale process units or modules is being pursued,
but these first units are likely to require consider-
able modification before they can operate satis-
factorily. Once these commercial-scale modules
have been adequately demonstrated, full-size
commercial facilities can be constructed (from
several modules). in contrast, direct coal liquefac-
tion requires further development before com-
mercialization and probably will not contribute
significantly to the synfuels industry before the
mid to late 1990’s. A major technical obstacle,
the handling of high levels of solids in the proc-
ess streams, is not now understood well enough
to allow developers to move directly to commer-
cial- from small-scale units now in operation.

Normal planning, permitting, and construction
may take 7 to 8 years for a large synfuels plant,
with the last 5 years or so devoted to construc-
tion. Consequently, a first round of commercial-
scale plants conceivably could be operating by
the late 1980’s, although these would be quite
vulnerable to delays and cost overruns. Beginning
a second round of construction before the first
set of plants has been fully demonstrated would
risk additional costly revisions and delays.

In addition to scheduling constraints caused by
technological readiness, shortages of experienced
manpower (primarily chemical engineers and
project managers) could constrain the pace of
synfuels development. On the other hand, prob-
lems stemming from shortages of skilled crafts-
men, construction materials, or specialized
equipment probably can be averted because of
the long leadtime before they are needed in large
numbers. However, some metals needed for cer-
tain steel alloys are obtained almost exclusively
from foreign sources.

Many variables affect the rate of development,
and predictions are extremely speculative. It is
OTA’s judgment that under favorable circum-
stances, fossil fuel-based production of synthetic
transportation fuels could be 0.3 to 0.7 MMB/D
by 1990, growing to 1 to 5 MMB/D by 2000,
depending on the success of the first round of
synfuels plants and the fraction of those plants
that produce transportation fuels as opposed to
fuel gases or fuel oils. Achievement of 0.3 MMB/D
by 1990 assumes that a sizable commercializa-
tion program, such as that being pursued by the
Synthetic Fuels Corp., is carried out, but that
technical problems limit total production; 0.7
MMB/D would require an increased number of
plant commitments within the next year or so,
a virtually complete emphasis on liquid transpor-
tation fuels, and a high level of technical success
with the first plants.

It must be stressed that even the “low” 0.3
MMB/D production level maybe considered as
optimistic in light of current expectations of at
least short-term stability in oil prices, as well as
remaining technical and environmental uncer-
tainties. In addition, the dismantling of DOE’s
demonstration program may increase the per-
ceived and actual technological risks of synfuels
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development. Thus, the goals of the National
Synfuels Production Program, created by Con-
gress in 1980—0.5 MMB/D by 1987 and 2
MMB/D by 1992—appear unattainable without
a crash program that would involve extraordi-
nary technical and economic risks and exten-
sive Government intervention.

costs

The costs of synfuels are uncertain. First, the
factors that limit rapid deployment of the industry
also affect its costs. Technical uncertainties com-
plicate cost evaluation, and long shakedown
times and potential construction delays would be
very expensive at prevailing interest rates. Sec-
ond, synfuels’ relatively high capital costs mean
that their total costs are especially sensitive to the
type of financing used, the level of interest rates,
and the rate of return required by the investors.
The present high level of uncertainty in capital
markets therefore translates into a high level of
cost uncertainty. In addition, the long construc-
tion times associated with synfuels plants make
them vulnerable to hyperinflation. *

OTA has projected synthetic fuel costs based
on the best available cost estimates in the public
literature and OTA’s previous oil shale study.’
These sources indicate that, if the potential for
cost overruns is not considered, the capital invest-
ment (in 1980 dollars) for a 50,000 bbl/d (rated
capacity) synthetic fuels plant will range from $2.1
billion to $3.3 billion, or $47,000 to $73,000/bbl/d
of production (assuming the plant produces at
90 percent of rated daily capacity). Total plant
investments for a 5 MMB/D synfuels industry
would thus be about $250 billion to $400 billion.
Based on past experience, however, there is a
very high probability that final costs will be
greater than these ranges.

For example, an extrapolation from recent cost
overruns in the chemical industry widens the sin-
gle plant (50,000 bbl/d) range to $2.3 billion to

*Hyperinflation in construction costs of major capital projects
is a relatively recent phenomenon, however, and some industry
analysts consider it a temporary aberration.

' U.S. Congress, Office of Technology Assessment, An Assessment
of Oil Shale Technologies, OTA-M-1 18 (Washington, D. C.: U.S.
Government Printing Office, June 1980).

$4.7 bilion (excluding direct liquefaction, for
which cost estimates are less reliable), or about
$50,000 to $110,000/bbl/d. Other related invest-
ments (e.g., coal mining) raise the total to $50,000
to $125,000/bbl/d. The investment costs per bar-
rel per day of production may be further inflated
by performance levels below the 90-percent de-
sign factor, although presumably this will be a
problem only with first generation plants.

The actual selling price of synthetic fuels will
be determined in the marketplace by the prices
of competing fuels regardless of the costs of pro-
duction. Using the projected synfuels production
costs, however, OTA calculated the price that
service stations would have to charge in order
for the synfuels producer to attain a required re-
turn on investment. Table 4 displays these
“prices” for a few alternative combinations of fi-
nancing and real* return on investment.

Based on these estimates, it is clear that com-
panies that must bear the full investment burden
of a new synfuels plant are unlikely to invest in
synthetic fuels production unless: 1) they view
this investment as one of low risk and worthy
of a low expected return on investment, 2) they
expect fuel prices to rise very sharply in the fu-
ture, or 3) they are willing to take a loss or low
return to secure an early market share. The first
alternative is not credible for the first genera-
tion of commercial plants.

With the large (75 percent of project costs)
loan guarantees that are possible under the En-

*The real rate of return is the nominal rate of return minus the
inflation rate.

Table 4.—Price of Synthetic Fuels Required To
Sustain Production Costs®(1980 $/gal of
gasoline equivalent)

Real return
Price (pretax) Financing equity investment
$0.80-$1 .10... 100% equity 50/0
$1.30-$1.60, . . 1000/0 equity 10%0
$1.70-$2 .40... 100% equity 15710
$0.80-$ 1.10.. 25°0 equity, 75°0 debt 10°/0

8 Assumptions:no cost overruns, $1 .20/million Btu coal, 5 Percent realinterest

rate on debt financing, $.20/?allon distribution cost including retailer profit. For
more details, see ch. 8, table

SOURCE: Office of Technology Assessment.
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ergy Security Act, * however, investments in syn-
thetic fuels appear to be attractive even at 1981
fuel prices, but only if current capital cost esti-
mates for synfuels plants are correct and there
are no cost overruns. Most industry experts,
however, consider the chances of substantial
cost overruns to be high. A cost overrun in plant
investment of so percent would increase the nec-
essary price of synfuels by 20 to 30 percent, or
else reduce the return on investment.

OTA’s cost analysis implies that significant lev-
els of investment in synfuels production are un-
likely at this time without the kinds of financial
incentives offered by SFC. Of course, a further—
and currently unexpected—rapid escalation in oil
prices could change this conclusion.

Uncertainties associated with the cost estimates
are too large to allow in-depth comparison of the
costs of the various synfuels. Also, in OTA’s opin-
ion, significant reduction of these uncertainties
cannot be achieved by further study but will re-
quire actual plant construction. There are indica-
tions, however, that shale oil and methanol
from coal could be the least expensive options
for producing transportation fuels. Shale oll
plants are less complex technically than other
synfuels processes and shale oil is relatively easy
to refine, thereby suggesting a lower cost. Metha-
nol’s high octane and burning characteristics
make it more efficient than gasoline in specially
designed engines. But materials-handling prob-
lems for oil shale, engine technology develop-
ments that could offset methanol’s efficiency ad-
vantage, and unforeseen requirements for proc-
ess changes could negate these apparent advan-
tages.

Economic Impacts

Development of a fossil fuel-based synthetic
fuels industry could create a major new economic
activity in the United States, particularly in areas
with large reserves of coal or oil shale. There are
potential drawbacks, though. For example, be-

*The loan guarantees not only allow synfuels developers to bor-
row money at somewhat lower interest rates than without them,
but the 75 percent debt level is considerably higher than the in-
dustry average of about 30 percent. Also, in some cases, the loan
guarantee may be necessary to secure any debt capital at all.

cause of synfuel plants’ long lifetimes and con-
struction leadtimes, a liquid fuel supply industry
based largely on synfuels would be less able than
a natural petroleum-based industry to respond
quickly to changing market conditions. Rapid
synfuels deployment would create a risk that un-
foreseen market changes could leave the United
States with an outdated, idle, capital-intensive
industry.

Development of the industry will have other
important consequences. For instance, because
of the large capital, technical and marketing re-
quirements, and the high risks, small companies
are unlikely to enter the market except as parts
of consortia. This contrasts sharply with the large
number of small-scale producers currently in-
volved in oil and gas development, although
ownership concentration in the oil and gas indus-
try will grow in any case as the more easily recov-
ered resources are depleted.

Rapid deployment of a synfuels industry could
lead to temporary shortages of equipment, mate-
rials, and personnel, which in turn can lead to
construction bottlenecks and local inflation.
However, long-term inflationary effects are not
expected to be large because, in general, the
leadtime is sufficient to expand production capac-
ity and labor supply. An important exception may
be the supply of experienced chemical engineers
and project managers. If shortages of these per-
sonnel develop, poor project management or im-
proper plant design could lengthen construction
schedules, delay plant startup, and increase costs
for chemical plants and oil refineries as well as
synfuels plants.

The financial requirements for rapid growth are
very large. For example, the rate of investment
required to achieve 5 MMB/D of synfuels by 2000
is likely to be greater than $30 bilion per year*
after the first few years, about as much capital
as was spent for all U.S. oil and gas exploration
and development in 1979. Making this large a
commitment to synfuels would likely divert some
investment capital away from conventional oll
and gas exploration and development; and this

*OTA's analysis of reducing stationary uses of fuel oil was done
primarily to provide a reference point and was less extensive than
its analysis of synfuels and increased automotive fuel efficiency.
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could reduce conventional domestic oil produc-
tion below the 7 MMB/D assumed for 2000.

Social Impacts

The principal social consequences of develop-
ing a synthetic fuels industry stem from shifting
large numbers of workers and their families in and
out of local areas as development proceeds.
These population shifts disproportionately affect
small, rural communities such as those that pre-
dominate in the oil shale and some of the coal
areas. High population growth rates can lead to
disruptions and breakdowns in social institutions;
systems for planning, managing, and financing
public services; local business activities; and la-
bor, capital, and housing markets. Whether the
growth rates can be accommodated depends on
both community factors (e.g., size, location, tax
base, management skills, and availability of devel-
opable land), and technology-related factors
(e.g., the type of synfuels facilities, the timing of
development, and labor requirements).

On the other hand, communities should realize
social benefits from synfuels development, e.g.,
increased wages and profits and an expanding
tax base. A significant portion of these benefits
may not be realized, however, until after the plant
is built. In the meantime, the community must
make significant expenditures and the overall im-
pact depends substantially on the existence of ef-
fective mechanisms to provide the “front end”
resources needed to cope with rapid growth.

Environment, Health, and Safety

The production of large quantities (2 MMB/D
or more) of liquid synthetic fuels carries a signif-
icant risk of adverse environmental and occupa-
tional health effects, some of which are quite de-
pendent on the effectiveness of as yet unproven
control measures.

The industry will cause many of the same kinds
of mining, air quality, solid waste disposal, water
use, and population effects as are now associated
with coal-fired electric power generation and
other forms of conventional coal combustion.
Table 5 shows the amount of new coal-fired pow-
er generation that would produce the same ef-

fects as a 50,000-bbl/d coal-based synthetic fuels
plant, and also directly compares the effects of
this plant with a 3,000-MWe coal-fred power-
plant. In general, the emissions of combustion-
related pollutants, especially the acid rain pre-
cursors sulfur dioxide (SO,) and NO,, and the
water use of the synfuels plant are significantly
lower than for a powerplant processing the
same amount of coal.

To place these effects into perspective, actual
coal-fired generating capacity in the United States
is about 220,000 megawatts (MW), and about
200,000 MW are expected to be added by 1995.
In comparison, SO,and NO,emissions from a
2 MMB/D coal-based synfuels industry would be
equivalent to emissions from less than 25,000
MW of power generation, and water use would
be equivalent to that of 30,000 MW or less if con-
servation practices were followed.

On the other hand, a 2-MMB/D industry
(equivalent in coal consumption to 110,000 to
160,000 MW of coal-fired electric generating
capacity) would mine hundreds of millions of
tons of coal each year, with attendant impacts
on acid drainage, reclamation, subsidence and
occupational health and safety, and would have
substantial population-related impacts such as
severe recreational and hunting pressures on
fragile Western ecosystems.

Oil shale development using aboveground re-
torts has the added problem of disposing of large
quantities of spent shale. Although successful
short-term stabilization of shale piles has been
achieved on a small scale, uncertainty remains
about the long-term effects of full-scale develop-
ment. The major concern about shale disposal
as well as in-situ shale processing is the poten-
tial for contamination of ground waters.

Despite the relatively moderate level of emis-
sions per unit of production, an intense concen-
tration of synfuels development within relative-
ly small areas may yield air quality problems and
violations of existing air quality regulations. Such
concentration is more likely with oil shale, be-
cause of the concentrated resource base. As a
result, air quality restrictions may limit oil shale
development to under 1 MMB/D unless there are
changes in the restrictions or improvements in
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Table 5.—Two Comparisons of the Environmental Impacts of Coal-Based
Synfuels Production and Coal-Fired Electric Generation®

A. Coal-fired generating
capacity that would
produce the same

impact as a 50,000 bbl/d

B. Side-by-side comparison of
environmental impact parameters

coal-based synfuels 3,000 MW(e) 50,000 bbl/d
Type of impact plant (MW(e)) generator synfuels Units
Annualcoaluse.............. 2,500 -3,600° 6.4-15.0 5.3-17.9 million tons/yr
Annual solid waste . . ......... (2,500-3,600)+° 0.9-2.0+ 0.6-1 .8+ million tons/yr
Annual water use: acre-ftlyr
Current industry estimate. . . . 640-1,300 25,000 5,400-10,800
Conservationcase .......... 400-700 3,400-5,900
Annual emissions: tonslyr
Particulate. . .. ............ 120-2,800 2,700 100-2,500
Sulfur oxides .. ............ 90-500 27,000-108,000 1,600-9,900
Nitrogen oxides .. .......... 60-300 63,000 1,600-7,800
Hourly emissions: Ib/hr
Particulate. . . ............. 90-2,200 880 30-800
Sulfur oxides . ............. 70-40 8,800-35,200 500-3,200
Nitrogen oxides .. .......... 60-300 20,500 500-2,500
Peak labor . .................. 4,100-8,000 2,550 3,500-6,800 persons
Operating labor .. ............ 2,500 440 360 persons

aIn examplg A the powerplant uses the same coal as the synfuels plant, new source performance standards (NSPS) apply, sulfur oxide emissions assumed to be
0.6 1b/10*Btu. In B, NSPS aiso apply but sulfur oxide emissions can range from 0.3-1.2 Ib/10‘'Btu. In both cases, the synfuels piant parameters represent a range
of technologies, with a capacity factor of 80 percent and an efficiency range of 45 to 65 percent; the powerplantis a baseload plant, with a capacity factor of 70
percent, efficiency of 35 percent. The major data source for this table was M. A. Chartock, et al., Environmental Issues of Synthatic Transportation Fuels From Coal:

Background Report. University of Oklahoma Science and Public Policy Program, contractor report to OTA, July 1961. X
b In other words, the amount of coal-and thus, the amount of mining-needed to fuel a 50,000 bbl/dsynfuels plant is the same as that required for a 2,500-3,600 MW(e)

powerplant.

C A synfuels ptant will have about as much ash to dispose of as a coal-fired powerplant using the same amount of coal.It may have less scrubber sludge, but it may
have to dispose of spent catalyst material that has no analog in the power plant thus the *.

SOURCE: Office of Technology Assessment.

control technology. In most cases, however, the
restrictions do not involve possible violations of
the health standards, but rather visibility or other
standards.

Aside from these effects, synfuels development
creates a potential for occupational, ecological,
and public health damage from the escape of
toxic substances formed during the conversion
processes. These include cancer-causing organic
compounds, chemically reduced sulfur and nitro-
gen compounds, and inorganic trace elements.
The occupational risks, generally acknowledged
as the most serious, are mainly associated with
“fugitive” emissions and leaks from valves, gas-
kets, etc., and with the handling of fuels and plant
cleaning. The major ecological and public health
risks are associated with contamination of surface
and ground waters—from inadequate treatment
of wastewaters, leakage from holding ponds or
solid-waste landfills, and disruption of aquifers by
mining operations—as well as with spills and ex-
posure to contaminated fuels. Fugitive emissions
and leaks from the plants also pose some risk to

public health, but at a far lower level than to the
plant workers; a potentially important impact of
the public’s exposure to these substances, how-
ever, is likely to be discomfort from their odor.

The risks associated with these toxic sub-
stances, although possibly the most serious of syn-
fuels’ potential environmental risks, are not quan-
tifiable at this time. However, it does appear pos-
sible to differentiate, at least tentatively, among
some of the basic process groupings in terms of
their comparative risk. Direct processes (e.g.,
Exxon Donor-Solvent, SRC Il) appear to present
the greatest risk because of their comparatively
large number of potential sites for fugitive emis-
sions, high production of toxic hydrocarbons, and
abrasive process streams. Indirect processes using
low-temperature gasifiers (such as Lurgi) maybe
intermediate in risk because they produce rela-
tively large quantities of toxic hydrocarbons. In-
direct processes using high-temperature gasifiers
(e.g., Koppers-Totzek, Shell, Texaco) appear to
be the cleanest group of coal-based processes.
Finally, if the risks from spent shale are excluded,
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the risks from toxics yielded by oil shale processes
probably are no worse than those of indirect,
high-temperature coal processes.

There is little doubt that it is technically feasi-
ble to moderate a synfuels industry’s adverse im-
pacts to the satisfaction of most parties-of-interest.
in OTA’S judgment, however, despite substan-
tial industry efforts to minimize adverse im-
pacts, the environmental risks associated with
toxic substances generated by synthetic fuels
production are significant and warrant careful
Government attention.

Current development plans and existing legisla-
tion call for strong measures to reduce many of
the potential adverse environmental impacts from
synfuels plants through intensive application of
emission controls, water treatment devices, pro-
tective clothing for workers, monitoring for fugi-
tive emissions, and other measures. Virtually all
of these measures have been adapted from con-
trols used with some success in the petroleum
refining, petrochemical, coal-tar processing, and
electric power-generation industries. Synfuels in-
dustry spokesmen are confident that the planned
controls will adequately protect worker and pub-
lic health and safety as well as the environment.

Spokesmen for labor and environmental orga-
nizations are far less confident, however, and
there remain important areas of doubt concern-
ing the adequacy of environmental management.
The full range of synfuels impacts—-especially
those associated with the toxic substances created
or released in the conversion processes—may not
be effectively regulated. Existing regulations do
not cover many of these toxic substances, and
extending regulatory controls to provide full cov-
erage will be difficult. Critical stumbling blocks
are the large number of separate compounds that
must be controlled, and the recent reductions in
the budgets of Federal environmental agencies
and reemphasis of their synfuels research pro-
grams. Detecting synfuels environmental dam-
ages and tracing them to their sources—a key re-
quirement in establishing and enforcing control
standards—may be difficult because many of the
damages will occur slowly and the relationship
between cause and effect is complex.

Another important concern is the possibility
that the industry’s environmental control efforts
may not be sufficient to avoid environmental sur-
prises. Federal Government personnel are con-
cerned that many developers are focusing their
control programs on meeting immediate regula-
tory requirements and are reluctant to commit
resources to studying and controlling currently
unregulated pollutants. Also, despite pollution
control engineers’ optimism that all synfuels
waste streams are amenable to adequate cleanup,
there are still doubts about the reliability of pro-
posed control systems. These doubts are aggra-
vated by differences in process conditions and
waste streams between synfuels plants and the
refineries, coke ovens, and other facilities from
which the proposed controls have been bor-
rowed, and also by a lack of testing experience
with integrated control systems.

Water Availability for Synfuels Development

When aggregated nationally, water require-
ments for synfuels development are small (pro-
ducing 2 MMB/D oil equivalent requires only
about 0.2 percent of estimated total current na-
tional freshwater consumption). Nevertheless,
these requirements may have significant impacts
on competing water uses. In each of the river
basins where major coal and oil shale resources
are located, there are hydrologic as well as
political, institutional, and legal constraints and
uncertainties involving water use (e.g., conflicts
over the use of Federal storage, Federal reserved
water rights including Indian water rights claims,
interstate and international compacts and treaties,
State water laws). In addition, existing water re-
source studies vary in the extent they consider
water availability factors and cumulative impacts.

Given the uncertainties that surround the ques-
tion of water availability generally, only limited
conclusions about possible constraints on future
synfuels development can be drawn. This is espe-
cially true in areas where institutional rather than
market mechanisms play a dominant role in ob-
taining and transferring water rights. Where effi-
cient markets do exist, however, water is not like-
ly to constrain synfuels development because de-
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velopers can afford to pay a relatively high price
for water rights.

In the major Eastern river basins where coal
reserves are located (the Ohio, Tennessee, and
Upper Mississippi River Basins), water should be
adequate on the main rivers and large tributar-
ies, without new storage, to support planned syn-
fuels development. In the absence of appropriate
water planning and management, however, lo-
calized water shortages could arise during ab-
normally dry periods or from development on
smaller tributaries.

In the West, competition for water already ex-
ists and is expected to intensify with or without
synfuels development. In the coal-rich Upper
Missouri River Basin, the magnitude of the legal
and political uncertainties, together with the need
for major new water storage projects to average-
out seasonal and yearly streamflow variations,
make it impossible to reach an unqualified con-
clusion as to the availability of water for syn-
fuels development.

In the Upper Colorado River Basin, where
both oil shale and coal are located, water could
be made available to support initial synfuels de-
velopment—as much as a few hundred thou-
sand barrels per day of synfuels production by
1990—but political and legal uncertainties in the
basin make it difficult to determine which sources
would be used and the actual amount of water
that would be made available. Water availabil-
ity after 1990 will depend both on how these un-
certainties are resolved and on the expected con-
tinuing growth in other uses of water.

Reducing Stationary Uses of Oil

Stationary uses of oil include space heating and
cooling of buildings, electricity generation, pro-
duction of industrial process heat, and use as a
chemical feedstock. These currently account for
nearly half of the oil used in the United States—
about 8.1 MMB/D out of a total of 16.8 MMB/D
in 1980. Of this, about 4.4 MMB/D are fuel oils—
middle distillates and residual oil. The remainder
include liquefied petroleum gas, asphalt, petro-
leum coke, refinery-still gas, and petrochemical
feedstocks.

Only reductions in the fuel oil portion of the
stationary oil uses are likely to lead to actual re-
ductions in imports. The other oil products are
difficult to upgrade to premium fuels or use di-
rectly in transportation applications and, conse-
quently, a reduction in their use probably would
have little effect on the supply of transportation
fuels. On the other hand, the crude oil fractions
normally used to produce residual and distillate
fuel oils can instead be converted profitably into
transportation fuels by refining.

Reductions in fuel oil use can be accomplished
by fuel switching and conservation. In the build-
ings sector, natural gas and electricity can replace
distilate oil, and insulation, furnace improve-
ments, and other conservation measures can re-
duce fuel use in general. For utilities, conserva-
tion in all sectors that use electricity can reduce
generation requirements, coal and nuclear can
replace residual oil for baseload operation, and
natural gas can replace distillate oil in peaking
turbines. industrial oil use can be reduced by in-
creases in process efficiency and fuel switching
to coal, * natural gas, and electricity.

Projection of Oil Savings

The Energy Information Administration projects
that the fuel oil consumed in stationary uses will
decline from today’s 4.4 MM B/D to 2.6 MM B/D
in 1990, assuming a 1990 price of $41/bbl of oil
(1979 dollars). This 2.6 MMB/D is the target for
further stationary use reduction OTA has assumed
for this study.**

OTA has evaluated two approaches to eliminat-
ing the remaining 2.6 MM B/D stationary fuel oil
use by 2000. One approach involves total reli-
ance on fuel switching. Table 6 shows the energy
needed to displace the 2.6 MMB/D, substituting
coal for residual oil and natural gas and/or elec-
tricity for distillate oil.

*The Energy Information Administration has predicted that, by
1990, most of the industrial processes that can use coal (primarily
large boilers) will have been converted. Therefore, OTA’S calcula-
tions of post-1990 fuel-switching opportunities do not include coal
switching in the industrial sector.

* “If oil prices continue to decline in real dollars or stabilize at
current levels, 1990 stationary oil use is likely to be greater than
projected.
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Table 6.—Summary of Annual Energy Requirement To Displace
2.55 MMB/D of Stationary Fuel Oil Use

Qil or Electricity

Sector (M MB/D) replaced by (106°%Bhs) plus (tfc) (10' kWh)
Buildings .. ........ 1.2 - 24 425
Industry . .......... 0.3 - 0.6 120
Utilities. . . ......... 0.9 (resid.) 100 - -
0.15 (dist.) . . - 0.3 -
Total ............ 2.55 100 3.3 545

SOURCE: Office of Technology Assessment.

The technical capability to accomplish this level
of switching depends on two factors. First, if natu-
ral gas is to play a major fuel-switching role, pro-
duction of unconventional gas sources* will be
needed. A key to this is the future price of gas.
Second, production of additional electricity and
switching to coal in utility boilers depends pri-
marily on the utility industry’s ability to solve its
current financial problems and gain access to cap-
ital. Either of these potential constraints could
severely restrict fuel switching.

A second approach combines fuel switching
with measures to conserve oil, natural gas, and
electricity. If conservation measures can save
enough natural gas and electricity to replace the
(reduced) oil requirement, additional gas and
electricity production may not be needed. An
analysis by the Solar Energy Research Institute
(SERI) indicates that conservation measures in the
buildings sector alone could save about 1.5 times
as much natural gas and electricity as would be
required to replace all remaining stationary uses
of distillate and residual fuel oil by 2000.** This
combined approach has fewer technical con-
straints than the “fuel switching only” approach.
In OTA’S judgment, a significant fraction of the
2.6 MMB/D of stationary fuel oil use expected
in 1990 can be eliminated by 2000 by conser-
vation and fuel switching taken together.

Despite the lack of absolute constraints, how-
ever, it is unrealistic to expect total elimination
or near-elimination of stationary fuel oil uses by
2000. First, average capital costs are high enough
to discourage those investors who apply a high

*These sources include tight sands formations, geopressurized

methane, coal seam methane, and Devonian shale formations.
**assuming that all such stationary uses are reduced by conser-

vation as well.

98281 0 - 8 -3:QL3

discount rate to their investments. Second, the
site-specific variability and the large number of
different types of measures imply that some of
the individual measures will be far more expen-
sive than the average. * Third, the record of oil-
to-coal switching in industry during the past dec-
ade has not been a good one despite apparently
favorable economic incentives. Finally, the con-
tinued reduction in supplies of high-quality
“light” crude may lead to excess supplies of
residual oil in the 1990’s, driving down its price
and making conversion from residual oil to coal
uneconomical in some cases. To a certain extent
the latter effect will be offset by the economic
attractiveness of retrofitting oil refineries to pro-
duce less low-priced residual oil and more gaso-
line, jet fuel, and diesel fuel.

costs

The investment costs for the two strategies for
reducing stationary oil uses are similar. OTA has
calculated the investment cost of the strategy that
relies mainly on fuel switching to be roughly $230
billion, or an average of $90,000/bbl/d of oil
saved. Using SERI’S cost analysis, the strategy that
combines strong conservation measures and re-
placement of the remaining oil use with electricity
and natural gas was calculated to cost roughly
$225 billion, or $88,000/bbl/d of oil saved. The
difference between the estimated costs for the
two strategies is too small to be meaningful.

Both the investment costs and the operating
costs paid by individual investors will vary over
an extremely wide range, This is particularly true
because the “strategies” are actually a combina-

*By the same reasoning, many will be less expensive than the
average.
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tion of several markedly different kinds of invest-
ments. For example, conversion of oil-burning
utility boilers to coal has an average investment
cost of $74,000/bbl/d of oil replaced, whereas
conversion of distillate-using facilities to natural
gas averages $114,()()()/bbl/d (including the cost
of obtaining the new gas). Also, the costs of each
type of investment will vary from site to site.

Electric Vehicles*

Automobiles can be powered by rechargeable
batteries that drive an electric motor; indeed,
some of the first automobiles used battery-electric
powertrains. Present concepts of electric passen-
ger vehicles generally envision small vehicles for
commuting or other limited mileage uses, with
recharging at night when electricity demand is
low.

Projections of Use

OTA does not expect electric cars to play a sig-
nificant role in passenger transportation in this
century. Battery-electric cars are likely to be very
expensive, costing about $3,000 more in 1990
than comparable gasoline-fueled autos. And this
consumer investment may not yield any savings
in fuel costs. If batteries must be replaced every
10,000 miles, as required with current technol-
ogy, total electricity plus battery costs will actu-
ally be considerably higher than gasoline costs
for a comparable conventional auto, even at
$2.00/gal gasoline prices (1980 dollars).

Another reason that OTA is not optimistic is that
progress in electric vehicles remains severely lim-
ited by battery performance. Currently available
batteries and components require 6 to 12 hours
for recharging and limit electric vehicles to a
range of less than 100 miles between charges. Ac-
celeration is limited to about O to 30 mph in 10
seconds, which is lower than the poorest per-
forming (O to 40 mph in 10 seconds) gasoline and
diesel fuel cars and may not be adequate for
many traffic conditions. Although predictions of
significant reductions in battery size and weight

‘See, Synthetic Fuels for Transportation: The Future Potential of
Electric and Hybrid Vehicles-Background Paper No. 1,
oTA-BP-E-13 (Washington, D. C.: U.S. Congress Office Of
Technology Assessment, April 1982).

continue, in OTA’S judgment current understand-
ing of battery performance does not permit accu-
rate predictions of future improvements.

Even if sufficient progress is made in battery de-
velopment to encourage extensive usage of elec-
tric cars, electrification of automobile travel does
not offer the same potential for oil savings as
the other options. Under the best of circum-
stances, most electric passenger vehicles are like-
ly to be small, limited-performance vehicles that
will substitute for small, fuel-efficient conven-
tional autos. Consequently, a 20-percent electri-
fication of the auto fleet is not likely to save
more than about 0.2 MMB/D. *

Environment, Health, and Safety

If technical developments, severe liquid fuel
shortages, and/or Government promotion were
to result in significant sales of electric vehicles,
the major environmental impacts probably would
be the air quality and other effects associated with
reducing auto emissions and increasing electricity
generation. The overall effects of widespread use
of electric vehicles on urban air quality should
be strongly positive, because the electric cars
would tend to be clustered in urban areas, many
of which have chronic automobile-related air
pollution problems that would be eased by the
displacement of conventional automobiles.
There would be, however, a small net increase
in regional and national emissions of SO,, be-
cause conventional autos have few or no SO2
emissions to offset the SO,emissions from fossil-
fueled electric power generation for battery re-
charging. Additionally, when coal is the fuel
source for recharge electricity, the amount of coal
mined per unit of oil replaced is comparable to
that for synfuels production,** with similar coal
mining impacts. Material requirements for bat-
teries could add substantially to the demands for
certain minerals, e.g., lead, graphite, and lithium.

Electric passenger vehicles are likely to be
small and thus should share safety problems

*Assuming no oil is used for electricity production and the aver-
age gasoline- or diesel-powered vehicle replaced gets 60 mpg.

**That is, 1 ton of coal yields the same oil savings in either tech-
nology.
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with small conventional automobiles. Additional
safety and health problems may be caused by the
batteries, which contain toxic chemicals that may
pose occupational problems in manufacturing
and recycling and may be hazardous in an acci-

dent-caused spill; this latter problem is balanced
somewhat by eliminating the fuel tank with its
highly flammable contents. Finally, extensive out-
door charging of vehicle batteries may pose pub-
lic safety problems from the electrocution hazard.
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Chapter 2
Introduction

Petroleum has been at the heart of the Nation’s
efforts to secure its energy future since the 1973-
74 oil embargo. Petroleum products currently
supply about 40 percent of total U.S. energy
needs, and imports account for approximately 30
percent of total petroleum demand. The increases
in the price of imported crude that have occurred
since 1972—a barrel of imported crude that was
selling for $4.80 in 1972 was selling for $31.40
(both expressed in constant 1980 dollars) as of
February 1982-have severely strained the na-
tional economy by contributing to domestic infla-
tion and trade deficits and by altering demand
patterns.

Instead of increasing gradually, petroleum
prices have gone up in two large, rapid jumps.
These price “shocks” have exacerbated strains
on the economy by preventing an orderly adjust-
ment to higher fuel prices. Future price behavior
is also very uncertain and complicates economic
planning. Subsequent to decontrol of domestic
crude oil prices, a continued increase in the price
of oil was generally expected. The sharp drop in
demand, coupled with reemergence of Iran on
the world oil market, however, has created
downward pressure on oil prices. A substantial
drop in the real price of oil over the next few
years is quite possible.

This oil glut will not last indefinitely, however.
Indeed, importing nations will eventually again
face increasing competition for oil arising from
a combination of dwindling world supplies* and
increases in demand from both producing and
developing nations. This, in turn, will force oll
price increases with the possibility that they may
again come in the form of price shocks rather
than an orderly rise. Thus, the U.S. petroleum
problem is not simply that we import oil-indeed,
in a stable, economically rational world import-

*OTA estimates that non-Communist world oil production could
range from 45 to 60 MMB/D in 1990 and 40 to 60 MMB/D in 2000,
compared to 46 MM B/D in 1980. While an increase in world pro-
duction is possible, it is more likely that production will remain
fairly stable or slightly decline. See World Petroleum Availability
19802000-A Technical Memorandum (Washington, D. C.: U.S.
Congress, Office of Technology Assessment, October 1980),
OTA-TM-E-5.

ing could be economically efficient-but that the
supply and price is subject to so much uncertainty
and dramatic change.

For 1981, the Nation’s imports of crude oil and
petroleum products averaged about 5.4 milion
barrels per day (MMB/D), accounting for about
34 percent of total petroleum demand. These fig-
ures compare with 7.5 MMB/D of imports, about
41 percent of total petroleum demand, for 1980.
In fact, imports and demand have been on a
steady downward trend since their peak in 1978,
when imports of 8.2 MMB/D represented 44 per-
cent of total demand (see fig. 3). The principal
cause of this downward trend in imports and their
share of total petroleum demand was the nearly
120-percent increase in the real price of crude
oil since 1978. If the trend were to continue, oil
imports could be eliminated by the end of the
century.

There is considerable disagreement, however,
on whether this trend can be maintained. The
current downward trend of prices as a result of
a soft market has already been noted. The princi-
pal focus of disagreement, however, is the ade-
quacy of the Nation’s future domestic supply. The
current domestic production of crude oil and nat-
ural gas liquids is 10.2 MMB/D. Production of
these two liquids has been declining steadily since

Figure 3.—U.S. Petroleum Consumption,
Domestic Production, and Imports
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Oil tankers deliver most of the crude oil imported
to the United States

the peak year of 1970, when it reached 11.3
MMB/D, although the decline has slowed notice-
ably the last 3 years (see fig. 3). This, coupled with
the remarkable upsurge in driling activity since
1979, has caused some forecasters to predict an
increase in production before the end of the cen-
tury. In its most recent forecast, under a high
world oil price scenario, for example, the Energy
Information Administration of the Department of
Energy forecasts a production rate of 11.2
MMB/D of crude oil and natural gas liquids by
1995.1

Despite this increase in driling and exploration
activity, as figure 3 shows, the effect of higher oil
prices to this point has been almost exclusively
in reducing demand, not increasing supply. In
addition, the Office of Technology Assessment
in a study, World Petroleum Availability:
79802000, did not find any evidence that a sig-
nificant upturn in domestic production would
occur.’In fact, OTA estimated a production rate
of 5to 8 MMB/D by 1990 and 4 to 7 MMB/D by
2000. Exxon’s most recent energy outlook fore-
cast domestic production of 7.1 MMB/D by 1990
and 7.8 MMB/D by 2000.°Thus, production rate

1 Annual Report to Congress, 1980, vol. 3, DOE/EIA-01 73(80)/3,
Energy Information Administration, U.S. Department of Energy,
Washington, D. C., March 1981, p. 85.

2 World Petroleum  Availability: 1980-2000-A  Technical
Memorandum (Washington, D. C.: U.S. Congress, Office of
Technology Assessment, October 1980), OTA-TM-E-5.

’Energy Outlook: 1980- 2000, Exxon Co., U. S. A, Houston, Tex.,
December 1980, p. 7.

estimates for the middle 1990’s differ by as much
as 7 MMB/D, an amount greater than current U.S.
imports.

In OTA’S judgment, the lower rates estimated
in its study are still valid and it would be impru-
dent to assume otherwise in planning for the
1990’s. The principal justification for these lower
rate estimates is not so much an actual decline
in total oil reserves as the increasing difficulty in
extracting the oil that is found. The rate at which
oil can be produced is declining because olil is
no longer being found in the very large oilfields
necessary to sustain or increase total production.

If domestic production does decline to 5 or 8
MMB/D by the mid-1990’s, demand will have to
decrease even faster than it has during the last
few years just to keep imports at their current lev-
el. It is possible to greatly reduce petroleum prod-
uct demand by both fuel switching and increased
efficiency of use. This will require a substantial
investment, however, and it is not clear yet
whether it will be made. The current demand
response is a combination of shortrun elasticity
to the most recent price rise and the longer run
elasticity—involving turnover of capital stock—
to the 1973-74 price rise. Current forecasts of
energy demand all show a continued, but slower,
decline in petroleum demand for the rest of the
1980’s but a steadying during the 1990’s. In all
cases, substantial imports will be necessary in the
1990’s if the decline in domestic production as-
sumed above takes place.

Faced with similar prospects after the 1973-74
oil embargo, Congress enacted a wide range of
legislation to encourage a reduction of the Na-
tion’s dependence on oil imports. First, legisla-
tion was enacted to reduce petroleum demand.
Foremost among these initiatives was the estab-
lishment in the Energy Policy and Conservation
Act of the 1985 Corporate Average Fuel Efficien-
cy (CAFE) standards for automobiles. More than
half of total U.S. petroleum demand is in the
transportation sector, which, in turn, uses about
half of its petroleum in passenger vehicles. Other
legislation to reduce petroleum demand in-
cluded: 1) the Powerplant and Industrial Fuel Use
Act, whose provisions require large combustors
to convert from oil by 1990; and 2) systems of
tax credits and financial programs to encourage
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capital investments for energy conservation in in-
dustry and buildings. Finally, legislation was
passed to augment domestic supplies of petro-
leum substitutes through the production of syn-
thetic fuels. The Energy Security Act of 1980 es-
tablished the Synthetic Fuel Corp., with synfuel
production goals of 0.5 MMB/D in 1987 and 2.0
MMB/D by 1992.

The efficacy of this approach is now being re-
evaluated, not only because of the time limita-
tions of the legislation, but also in light of the price
increases of 1979, which have caused the Nation
to reduce imports more quickly than originally
anticipated. The debate centers on whether the
Government should continue its approach of the
1975-80 period—and if so which path or paths
would be more effective-or whether the Nation
can depend primarily on the current high oil cost
—not entirely anticipated when the original legis-
lation was passed-to reach an acceptably low
level of oil imports. Complicating current debate
is uncertainty about where oil prices will go in
the immediate future. A steady decline in real
prices over the next few years could substantial-
ly reduce market pressure toward increased con-
servation and development of alternative fuels,
with the result that the Nation will be that much
more economically vulnerable should there be
dramatic upsurges in prices later in the decade
or throughout the 1990’s. Further, no matter
which approach is preferable, general concern
exists about the side effects of the Nation’s move-
ment to free itself from import dependence.

Of particular interest in the ongoing evaluation
of policy are the approaches directed at produc-
ing synthetic liquid fuels and at reducing petro-
leum consumption by automobiles. These are by
far the largest programs enacted by Congress,
both in terms of their costs and of their effects
on the economy.

In 1979, the Senate Committee on Commerce,
Science, and Transportation requested OTA to
assess and compare these two approaches to re-
ducing oil imports. Because mandated increases
in CAFE standards were to end in 1985, the com-
mittee was interested in whether further stand-
ards would be more or less effective than the syn-
fuels program in reducing oil imports. The large

increase in oil prices since 1979 and the response
to this increase have changed the environment
in which that request was made. As a result OTA
has broadened its study to consider how far and
fast automobile efficiency and synthetic fuels pro-
duction can develop during the next 20 years,
and to evaluate the effects on and risks to the in-
dustries involved. Such an evaluation is particu-
larly important for the automobile industry be-
cause of its current precarious state. No matter
what course the Nation chooses—continued reg-
ulation or more reliance on market mechanisms
—the industry may be in for continued difficulties
if the need for large capital investments continues
while demand for automobiles remains relative-
ly low.

In addition to assessing the import reducing po-
tential of synfuels and increases in automobile
fuel efficiency, this study also examines, although
in considerably less detail, the oil savings that
could be gained through fuel switching and con-
servation by stationary oil users. By combining
the three approaches, plausible development sce-
narios for reductions in oil consumption are de-
rived, leading to estimates for oil imports over the
next 20 years.

The body of this report starts with an analysis
of policy options that: 1) could influence the rate
at which oil imports can be reduced or 2) affect
the consequences of changes needed to reduce
conventional oil consumption. The next chapter
presents the major issues and findings of the re-
port, including a discussion of the cost of oil im-
ports, comparisons between increased automo-
bile fuel efficiency and synfuels, and analyses of
issues related solely to one or the other of these
options.

The remaining chapters of the report contain
the background analyses. Separate chapters on
increased automobile fuel efficiency, synfuels,
and stationary uses of petroleum present the tech-
nical and cost analyses for each. The final chap-
ters analyze the economic and social effects and
environmental, health, and safety impacts associ-
ated with both increased automobile fuel efficien-
cy and synfuels, as well as the availability of water
for synfuels development.
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Chapter 3
Policy

INTRODUCTION

Success of any efforts to reduce oil imports will
depend on many complex, unpredictable factors,
including world oil prices, the success of tech-
nological developments, consumer behavior,
general economic conditions, and-significantly
—-Government policies and programs.

Government policy is vitally important, be-
cause energy inevitably affects, whether direct-
ly or indirectly, all production and consumption
decisions in an industrial society. How quickly
and to what level the Nation displaces oil imports
have direct implications for who benefits from,
and who pays the costs of, energy independence.
Such distributional questions arise regardless of
policy choices. Thus, the policy choices made by
Congress transcend a simple choice between in-
tervention and nonintervention.

This chapter describes the policy issues and op-
tions for increasing automobile fuel efficiency and
accelerating synthetic fuels development. (For a

detailed discussion of policy options related to
fuel switching and conservation in stationary uses
of petroleum, and to biomass, the reader is re-
ferred to other OTA publications.1) The chapter
addresses the circumstances which might justify
direct Government intervention to displace oil
imports. The well-established auto industry and
the newly developing synfuels industry are then
described; and those economywide and sector-
specific characteristics which shape, direct, and
pace each industry’s ability to displace oil imports
are identified. A brief, recent history of Govern-
ment policy towards each industry is also pro-
vided. Finally, the major policy options available
to Congress are discussed and evaluated based
on the characteristics of the industries.

‘Energy From Biological Processes, OTA-E- 124, July 1980; Resi-
dential Energy Conservation, OTA-E-92, July 1979; Dispersed Elec-
tric Energy Generation Systems, OTA, forthcoming; Energy Efficiency
of Buildings in Cities, OTA-E-168, March 1982.

THE NATION’S ABILITY TO DISPLACE OIL IMPORTS

The three principal means for displacing oll
imports-increased automobile fuel efficiency,
synfuels production, and fuel switching and con-
servation in stationary uses—can all make impor-
tant contributions to the Nation’s energy future.
Legislation has recently been enacted in all three
areas to reduce conventional oil use, including
the Energy Policy and Conservation Act of 1975,
the Energy Security Act of 1980, the Fuel Use Act,
and various taxes and credits to encourage capital
investment for energy conservation in industries
and buildings. z Some progress in displacing im-
ports can be expected as a result of these Govern-
ment programs working in concert with market
forces.

OTA'’S technical analysis, presented in this re-
port, concludes that if Congress wishes to elimi-

2For details of recent legislation, see for example Congressional
Quarterly, Inc., Energy Policy, 2d cd., March 1981.

nate net oil imports, significant accomplishment
in all three areas may in fact be necessary to
achieve this goal by 2000 if domestic production
falls from 10 million to 7 million barrels per day
(MMB/D) or less by 2000, as OTA expects.3 In
general, if there are no additional policies and
programs, if technology developments are only
partially successful, and if strong market forces
for import displacement do not materialize, the
United States can expect to import 4 to 5 MMB/D
or more by 2000 (see issue on “How Quickly Can
Oil Imports Be Reduced?” in ch. 4).

In the near future, Congress will face a number
of decisions about whether to increase efforts to
displace oil imports, and if so, at what speed im-
ports should be displaced, Major decisions will

‘World Petroleum Availability: 1980-2000—A Technical
Memorandum, OTA-TM-E-5 (Washington, D. C.: U.S. Congress,
Office of Technology Assessment, October 1980).
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concern the two major programs enacted by
Congress: the setting of fuel efficiency (Corporate
Average Fuel Economy (CAFE)) standards beyond
the 1985 mandate for new cars sold in the United
States, and the provision of large subsidies to pro-
mote rapid development of the synfuels industry.
Such decisions will shape the future of both the
auto and synfuels industries. Whether new policy
initiatives are feasible, practical, and appropriate
cannot be determined until Congress specifies the
desired level and rate of import displacement. s
the goal to “eliminate” or to “reduce” imports?*
s this oil import displacement goal so vital to na-
tional interests that an emergency effort is re-
quired, regardless of any accompanying disrup-
tions and dislocations?

Given the uncertainties, risks, and unpredicta-
bility associated with both the automobile fuel-
efficiency and synfuels options, it is difficult to
determine how far and in what direction present
policies and market forces will take the Nation.
OTA has not attempted to predict the detailed
outcomes of alternative policy futures, but rather
to demonstrate that the ability to displace oil de-
pends on compley, interrelated factors, and to
demonstrate that the Government’s policy
choices—whether to implement additional poli-
cies or to “do nothing” —will make a difference
in the ability to achieve oil displacement goals.
Policies are also identified that could be effec-
tive if future Government action is necessary.**

OTA’S low estimate is that the average fleet fuel
efficiency for new cars could reach at least 40 to
so miles per gallon (mpg) by the early to mid-
1990’s and 45 to 60 mpg by 2000,*** based on

* Elimination of oil imports” herein is assumed to mean the re-
duction of net oil imports to a level of about O to 1 MMB/D by 2000.
At this level, the “security premium” for oil—the difference between
the market price and full economic cost to the Nation of oil im-
ports-would approach zero. This level of supplies could be pro-
cured primarily from the United Kingdom, Canada, and Mexico;
and foreign producers generally would be forced to compete for
markets. Because of the “security premium, " policy decisions about
the value of displacing imports should not be based solely on the
international price of oil.

**An examination of Government policy related to the use of
petroleum in the stationary sector is beyond the scope of this report.
A summary of the major policy options for the stationary sector,
however, is found in app. 3A to this chapter.

***Earlier trends showing relatively strong demand for fuel econ-
omy have encouraged some domestic manufacturers to predict
new-car fuel economy averages of over 30 mpg by 1985 (the 1985
CAFE standard requires a fleet average of 27,5 mpg), while individual
vehicles already on the market exceed 45 mpg.

relatively pessimistic expectations about how
quickly improved automotive technology is de-
ployed and purchased. Fleet fuel consumption
for passenger cars would be about 2.1 MMB/D
in 2000, for a cumulative savings of over 1 billion
barrels of oil between 1985 and 2000 (assuming
that the same proportion of large, medium, and
small cars are sold in 2000 as are expected to be
sold in 1985). The “high estimate” assumes that
technology development is both successful and
rapidly introduced into volume production. Aver-
age mpg ratings would be 55 to 65 mpg by 1995
and 60 to 80 mpg by 2000; and fleet fuel con-
sumption for passenger cars could be as little as
1.3 MMB/D in 2000 for a cumulative savings of
over 4 billion barrels (relative to a 30-mpg fleet
and assuming a rapid shift to small cars).

However, the actual level of fuel consumption
will depend on market demand for fuel-efficient
cars and/or additional Government policies de-
signed to facilitate either the manufacture or pur-
chase of these cars. Although the low estimates
are believed to be achievable in the absence of
additional Government policies, they would be
contingent on consumer expectations that the
real price of gasoline will continue to increase.
The high estimates are unlikely to be achieved
in the absence of supporting Government policies
unless a strong and continuing consumer demand
for fuel efficiency is coupled with favorable tech-
nological progress.

OTA’S estimates for a low- and a high-develop-
ment scenario for synthetic fuels production de-
pend principally on the price of conventional oil
and the ease and rate with which synfuels proc-
esses are proven. A rapid buildup of the industry
could begin as early as the late 1980’s or as late
as the mid-1990’s, resulting in technically plausi-
ble production levels of fossil-synthetic transpor-
tation fuels of 0,3 to 0.7 MM B/D by 1990, 0.7 to
1.9 MMB/D by 1995, and 1 to 5 MMB/D by
2000. * In the absence of additional Government
policies, the lower estimates are probably attain-
able but are contingent on a Government-sup-
ported commercialization program that reduces
the high technical and associated financial risks
to private investors of first generation plants.

Without a successful commercialization pro-
gram, even the low estimates are probably unat-

*These estimates exclude contributions from biomass.



Ch. 3—Policy .37

tainable. If there is a commercialization program,
synfuels production theoretically could reach the
high estimates without additional Government
programs if. 1 ) early commercial-scale demonstra-
tion units are built and work successfully, and
2) synfuels production becomes unambiguously
profitable. The maximum displacement of oil im-
ports, however, would occur only if synfuels pro-
duction concentrates on transportation fuels. it
is OTA’S judgment that, even with a commercial-
ization program, the high estimates are likely to
be delayed by as much as a decade unless poli-
cies tantamount to energy “war mobilization” are
enacted.

Fuel switching and conservation of oil in sta-
tionary uses will also be extremely important for
displacing oil imports and would complement
both fuel-efficiency and synfuels efforts. Although
much of the potential for displacement could
probably be achieved by market forces by 2000
(under the high oil price scenario of the Energy
Information Administration (EIA)),’additional pol-
icies to encourage fuel switching and conserva-
tion will likely be required to accelerate the

‘Department of Energy, Energy Information Adminstration, An-
nual Report to Congress, vol. Il 1, May 1982.

changes or completely eliminate stationary fuel
oil use. The level of displacement that can be ob-
tained depends not only on future oil prices, but
on financing, regulation, and technical factors.
Efficiency increases in the various nhonautomobile
transportation uses could also be significant.

Displacing oil imports is a necessary but not
a sufficient condition for achieving national
energy security. Such security translates into an
essential self-reliance, availability, affordability,
and sustainability of energy resources. Alternative
energy sources may present their own set of sup-
ply and/or distribution problems. Furthermore,
the relationship between the level of imports and
the level of insecurity is not proportional in an
obvious way. Even if the Nation could eliminate
all of its oil imports, U.S. energy security could
still be seriously affected if interruptions in world
oil supplies threatened international commit-
ments with allies, imbalances in the world mone-
tary system, and pressures on foreign exchange
markets. Thus, efforts to displace the Nation’s
most insecure oil resources—its imports-should
not divert attention away from ensuring the resil-
ience of the alternatives chosen and thus the sta-
bility of both domestic and international energy
systems.

RATIONALE FOR A DIRECT FEDERAL ROLE

The basic rationale for direct Federal involve-
ment in a market economy is that—in limited but
important areas— market prices and costs used
to evaluate returns on private investments do not
reflect the full value and cost of the investments
to society as a whole. National security and envi-
ronmental protection are classic examples of val-
ues and costs that are not reflected in profit and
loss statements. Private calculation of profits also
causes market mechanisms to be most respon-
sive to short-term economic forces as opposed
to long-term social and economic goals.

The three principal reasons for such market
“failures” are that: 1 ) some of the social benefits
are public and not private goods, 2) some of the
costs are not paid by the private sector, and
3) costs and benefits are not fully known. All three

situations arise in the context of displacing oil im-
ports in general and of both increasing automo-
bile fuel efficiency and producing synfuels in par-
ticular. The inability of the conventional market-
place to ensure the effective and rapid displace-
ment of oil imports has major implications for the
Federal role, depending on the goals chosen and
the resources made available.

National security is a public good that has tradi-
tionally received Government support. National
energy security, promoted by the displacement
of oil imports, is an important component of over-
all security. Direct Government involvement
would thus be justified if market forces alone
were not believed capable of achieving the quan-
tity and rate of oil displacement required by na-
tional security goals. The value to the Nation of
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accelerating automobile fuel efficiency increases
and synfuels production would be in addition to
any private returns to investment.

Both increased automotive fuel efficiency and
synfuels production give rise to side effects and
tradeoffs; those who benefit from the investments
are not necessarily the ones who bear the full
costs. Side effects can fall on different sectors of
the economy, regions, or consumer groups de-
pending on the investments chosen. In the case
of increased automobile fuel efficiency, the ra-
tionale for Government policy is that the activities
stimulated by market forces alone do not provide,
for example, adequate safety and employment
safeguards. There are other possible tradeoffs,
on the one hand, between improving the com-
petitive position of the U.S. auto industry by
encouraging investments in increased auto fuel
efficiency, and, on the other hand, possible de-
clines in auto-related employment levels (because
of increased automation, contraction of the do-
mestic industry), increased consumer costs, and

decreased safety. With respect to synfuels, Gov-
ernment intervention could be similarly war-
ranted if market decisions do not reflect environ-
mental, health, safety, and other social concerns.

Both increased automobile fuel efficiency and
synfuels production are characterized by finan-
cial risks and uncertainties. If market forces alone
determine outputs, investments associated with
these alternatives might be delayed or canceled.
In such cases, the Government could choose
either to assume some of the risk or to help re-
duce components of uncertainty. The auto indus-
try’s uncertainty focuses on unpredictable con-
sumer demand for fuel-efficient cars, the long
leadtimes for investments, and, to a lesser degree,
on the rate of technological development. Syn-
fuels production is subject to significant techno-
logical uncertainties and, in turn, financial risks.
Both the auto and synfuels industries are also af-
fected by uncertain and as yet undetermined fu-
ture Government policies.

DISTINGUISHING FEATURES OF INCREASING AUTOMOBILE FUEL
EFFICIENCY AND SYNTHETIC FUELS PRODUCTION

The major forces that will shape, direct, and
pace increases in automobile fuel efficiency and
synfuels production are summarized in table 7.
Identifying these forces may indicate both the
potential opportunities for and limitations of
Government policies in achieving a desired level
and rate of import displacement, and the appro-
priateness, practicality, and desirability of specific
policies or combinations of policies.

Although increased automobile fuel efficiency
and synfuels production share several attributes,
essential differences between them suggest that
there is no single role for Government policies
and programs. These two options should be
viewed as complementary measures for reduc-
ing oil imports. Each option has different implica-
tions for the rate of oil import displacement and
will give rise to different types of economic and
noneconomic impacts on the Nation. In addition,
within the uncertainty about investment costs
(per barrel per day oil equivalent (B/DOE) pro-

duced or saved), neither increased automobile
fuel efficiency nor synfuels production appears
to have an overall unambiguous enconomic ad-
vantage over the other. For this reason, the non-
monetary and often nonquantifiable differences
between these options will be the principal
means for distinguishing between them for pol-
icymaking purposes.

The factors that determine the rate of fuel
switching and conservation in stationary applica-
tions will share some common elements with
automobile fuel efficiency increases and synfuels
production. The success of fuel switching will de-
pend critically on the efficiency of stationary
energy uses, the technologies for producing
natural gas from unconventional sources, the sup-
ply and future price of conventional natural gas,
and the ability of the utility industry to solve its
current financial problems. in the absence of
mandated conservation or performance stand-
ards, conservation measures will depend primar-
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Table 7.—Distinguishing Features of Increasing Automobile Fuel Efficiency and Synfuels Production

Increasing automobile fuel efficiency

Synfuels production

1.
2.

3.

12.

13.

14.
15.
16.

. Fuel savings in automobiles limited to about 3.5

18.

Both near- and long-term restructuring of an existing
industry
Dominated by a few large, mature companies

Automobiles as consumer durables; differentiable;
deferrable

. New technology involved, but can proceed incremen-

tally; associated risks are an ongoing feature of
industry

. Industry must produce competitive products each

year, including fuel-efficient cars

. Precariousness of industry’s current financial posi-

tion; need to ease readjustment of an industry in
distress

. Large demand uncertainty

. Dispersion of industrial activities, domestically and,

increasingly, internationally; some concentration of
activities in the North-Central region of the United
States

. Capital intensity and associated risks
. Declining profit margins in domestic industry
11.

Significance of international competition (i.e., auto im-
ports); importance of domestic market to financial
viability

Large amounts of capital continually required for
redesign, retooling, etc.; final costs for improved fuel
efficiency uncertain; calculation of capital costs for
fuel economy dependent on methods for cost
allocation

Can make significant contributions to reducing U.S.
oil imports; contributions have a long leadtime but
can have significance incrementally

Caters to a saturated market; focus on product
replacement rather than growth markets

Consumer costs are investment to reduce future fuel
purchases

Reduces consumption of fuel

MMB/D with about 1.5 MMB/D savings coming from
achieving a 30-mpg fleet

Principal health impact may be increased auto deaths
due to smaller cars

1. Growth and promotion of a new industry

2.

3.

4.

12.

13.

14.
15.
16.
17.

18.

Likely to be dominated by a few large, mature
companies
Synfuels as uniform, consumable commodities

Large technical risks; possibilities for “white
elephants, " major risk occurs with first commercial-
scale demonstration plants

. Sponsoring industry is involved in a breadth of activi-

ties that provides alternative investment and business
opportunities, of which synfuels is one

. Soundness of sponsoring industry’s current financial

position; need to facilitate growth

. No unusual demand risk except insofar as synfuels

differ from conventional fuels

. Dispersion of activities among coal regions; current

oil shale activity concentrated in a small area of the
West

. Capital intensity and associated risks
10.
11,

Potential for profit still highly uncertain

Long-term export potential; importance of interna-
tional competition (i.e., oil imports) in terms of
establishing the marginal price

Large amounts of capital required primarily in the ini-
tial construction phase; final costs for synfuels pro-
duction uncertain

Can make significant contributions to reducing U.S.
oil imports; contributions have a long leadtime and
will not be significant until commercialization

Caters to a slowly growing or possibly declining
market

No investment needed by consumer; consumer pays
incrementally for each increment of consumption
Substitutes one fuel for another

Fuel-replacement potential ultimately limited by de-
mand for synfuels, environmental impacts of synfuels
plants, and coal and oil shale reserves

Environmental and health impacts from: large-scale
mining of coal and oil shale; possible escape of toxic
substances from synfuels reactors (major risks are
direct worker exposures, contamination of ground
water); visibility degradation; development pressures
on fragile, arid ecosystems

SOURCE: Office of Technology Assessment.

ily on investor behavior. Although there are few
technical constraints, there are technical uncer-
tainties about the conservation potential of build-
ings and the success of particular conservation

w281 3 -

82-4:QL,3

investments. Both fuel switching and conserva-
tion are difficult to put into practice because the
measures are varied, site-specific, and in some
cases costly.



40 . Increased Automobile Fue/ Efficiency and Synthetic Fuels: Alternatives for Reducing oil Imports

Factors Affecting the Rate of
Automobile Fuel= Efficiency Increases

In order to be internationally competitive, the
domestic automobile industry is currently under-
going major structural adjustments. 5 This readjust-
ment is the consequence of two interrelated
forces. First, the domestic industry is undergoing
a long-term restructuring that is being experi-
enced by auto manufacturers worldwide. Re-
source pressures and a trend towards small, fuel-
efficient, and standardized “world cars” have re-
sulted in a period of corporate consolidation, with
firms being more closely tied by joint design and/
or production ventures, and a geographic disper-
sion of product assembly. Secondly, U.S. auto
manufacturers are uniquely faced with a series
of short-term problems that arise because they
have historically served a market that demanded
large, relatively fuel-inefficient cars. U.S. manu-
facturers have been the principal producers (and
promoters) of large cars and have historically
earned their greatest profit margins on these cars.

The strains placed on the domestic industry,
as it redesigns its products and retools its facilities
for fuel efficiency in the near and midterm,6 are
the forces that could most appropriately be tar-
geted and eased by Government policies. In addi-
tion, because of the size and dispersion of the
U.S. auto industry throughout the national econ-
omy, maintaining the health of the industry and
minimizing the side effects on both upstream ac-
tivities (e.g., dealers, suppliers), and downstream
activities (e.g., consumers) are of potentially great
Government concern.

Some aspects of the domestic industry’s short-
term readjustment problems are caused by econ-
omywide factors such as rising energy prices, tight
credit, and high interest rates. These factors have
affected both manufacturers—by making capital
scarce and expensive—and consumers, who
(with approximately two-thirds of all purchases
historically being on credit) are deferring pur-
chases.

sSee also U.S. Industrial Competitiveness-A Comparison of Steel,
Electronics, and Automobiles, OTA-ISC-135 (Washington, D. C.: U.S.
Congress, Office of Technology Assessment, July 1981).

¢See General Accounting Office, “Producing More Fuel-Efficient
Automobiles: A Costly Proposition,” CED-82-14, Jan. 19, 1982.

The market changes associated with high gaso-
line prices and the threat of gasoline shortages
experienced in the 1970’s have shown that con-
sumer demand is the most powerful influence on
the rate and manner of fuel-efficiency increases.
However, the prices consumers will pay, and the
tradeoffs consumers will accept in vehicle attrib-
utes—of which fuel efficiency is only one—are
highly uncertain and ambiguous. For example,
in the mid-1 970’s, and again in 1980-81, the pro-
portion of relatively small cars purchased to large
cars purchased decreased. * Furthermore, con-
sumers did not consistently buy the most fuel-
efficient car in a given size class. The ability of
the industry to sell cars is made additionally diffi-
cult because there has been a steady slowing in
the total demand for automobiles due to stagnant
per capita disposable income and a general aging
of the population, implying that the industry is
mainly serving a domestic replacement rather
than growth market. And at the same time, im-
ports have captured an increasing share of the
domestic market.

The need to make large investments under con-
ditions of uncertain demand for fuel efficiency
and slowing overall demand for automobiles, ag-
gravated by economywide stresses, is the most
significant contributor to the financially precari-
ous position now facing the domestic auto indus-
try. Losses to U.S. auto manufacturers exceeded
$4 billion in 1980. As sales have decreased, prof-
its have declined, and the industry’s longstanding
ability to reinvest with internally generated funds
has decreased. Because the industry is capital-in-
tensive, any underutilization of capacity also im-
plies large costs. Large amounts of outside capi-
tal will be required to retool for increasing fuel
economy. If companies are forced to cut back
on their capital investment programs in the near
term (as some are doing), they will not only fore-
stall fuel-efficiency improvements but may also
become increasingly vulnerable to foreign com-
petition.’

In adjusting to this, U.S. manufacturers face a
series of complex decisions. Domestic manufac-

*These data include both domestically produced and imported
cars.
7U. S. Industrial Competitiveness, op. cit.
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turers’ weak competitive position is primarily due
to high production costs relative to foreign pro-
ducers and consumers’ perceptions of value in
domestic v. imported cars, that are difficult to
quantify. If a strong demand for fuel efficiency
develops, rapidly increasing the fuel efficiency of
domestic automobiles could help to sell them.
Demand for fuel efficiency, however, is usually
accompanied by a shift in demand to smaller
cars, the market area where U.S. manufacturers
have been least competitive with imports. This
shift would therefore also require that domestic
manufacturers devote some of their investments
to changes unrelated or only partially related to
fuel efficiency. Corporate strategy, the way com-
plex investment decisions are handled, overall
demand for new cars, and the demand for fuel
efficiency vis-a-vis other attributes of automobiles
will all interact in a complex way to affect the ac-
tual rate at which fuel efficiency increases.

Technological uncertainties will also figure in
determining fuel efficiencies actually achieved.
These uncertainties relate to the behavior of vari-
ous elements of the vehicle system, the way in
which these elements are integrated and possi-
ble performance tradeoffs among elements, and
the cost of specific manufacturing techniques.
The rate of product and process development,
and patrticularly the success of the development
efforts (by no means assured) will influence the
extent of fuel-efficiency increases. Basic research
could lead to additional fuel economy gains by
providing a better understanding of some of the
complex processes related to fuel consumption
(e.g., nonsteady-state combustion).

The single most important factor limiting the
development of electric vehicles (EVS) is battery
technology. Even if EVS were to become practi-
cal, however, they would not have the potential
to displace significant amounts of imported oll,
primarily because they would be substitutes for
the most fuel-efficient gasoline or diesel-powered
cars. The Government could justify accelerating
the development and introduction of EVS if the

a The sources and magnitude of these cost advantages are not well
understood. Understanding the nature of any cost advantages en-
joyed by competitors will be critical for determining how, when,
and if U.S. manufacturers can get their cost structure into line, See
U.S. Industrial Competitiveness, op. cit., pp. 96-99.

goal is to reduce automobile pollution in the
inner cities or to promote a transportation mode
that does not use petroleum. EVS are petroleum
independent except insofar as electricity is gen-
erated from oil.

Automobile Fuel Efficiency—
Policy Background

The industry has been regulated by Govern-
ment policies and programs primarily since the
1960’s. Worker and public health and safety as-
pects are regulated by the Environmental Protec-
tion Agency (EPA) and the Occupational Safety
and Health Administration; product safety and
emissions by the National Highway Traffic Safe-
ty Administration (N HTSA) and EPA. Auto sales
are affected by all policies that influence consum-
er demand. In the aftermath of the 1973-74 oil
embargo, the Government became actively inter-
ested in promoting automobile fuel efficiency,
and legislation was subsequently enacted to re-
duce U.S. dependence on oil imports.

Policy for increasing automobile fuel efficien-
cy is embodied principally in two programs. * The
principal policy instrument for increasing fuel effi-
ciency was established by the 1975 Energy Policy
and Conservation Act (EPCA) and specifies CAFE
(i.e., fleet) standards for new cars and light trucks
between the model years 1978 and 1985. Provi-
sions of the CAFE program have generally tried
to recognize the financial difficulties of the auto
industry. CAFE standards mandate that new-car
fuel efficiency will double, incrementally, be-
tween the early 1970’s and the mid-1980’s.
(American-made cars had averaged about 14 mpg
over the period 1965-75; the 1985 CAFE stand-
ards require fleet averages of 27.5 mpg and are
to remain in force after 1985.**) Subsequent pro-
visions in the Fuel Efficiency Act of 1980 eased
the compliance requirements of the CAFE pro-
gram, but the basic efficiency standards remain
in force. Possible alteration of the standards set
by the program for post-1 985 could be a major
policy issue coming before Congress.

*A third program was enactment of the 55-mph speed limit.

**The Energy Policy and Conservation Act provided guidelines
for the Department of Transportation to set standards for the early
1980's; Congress set standards for 1978 and 1985.
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The second major program, part of the 1978
National Energy Act, establishes excise taxes for
purchases of automobiles with low fuel-economy
ratings beginning in the model year 1980. Cur-
rent “gas-guzzler” taxes range from $200 for cars
rated at 14 to 15 mpg in model year 1980 up to
$3,850 for specialty cars rated under 12.5 mpg
beginning in model year 1986. Such taxes raised
only $1.7 million in fiscal 1980.9

OTA'’S analysis indicates large uncertainties in
both economic and noneconomic costs of fuel-
economy increases. OTA has also identified un-
certainties in demand for fuel-efficient cars as
critical to increasing fuel efficiency. These uncer-
tainties, together with the desire of domestic man-
ufacturers to serve a wide variety of consumer
tastes with a limited level of capital investment,
are mainly responsible for the industry’s reluc-
tance to accelerate the development and intro-
duction of fuel-efficiency increases. Until fuel ef-
ficiency is a—or perhaps the-major selling point
for new car buyers, this reluctance, under-
standably, is likely to continue.

Factors Affecting the Rate of
Synthetic Fuels Production

Unlike increasing automobile fuel efficiency,
which may entail restructuring a major existing
U.S. industry, production of synthetic fuels in-
volves the emergence of a major new industry. *
The costs and therefore the profitability of pro-
ducing synfuels are influenced by major uncer-
tainties that both characterize the economy as
a whole and are specific to the synfuels industry.
At the economywide level, factors such as the
price of oil, the cost of capital, inflation in general
and hyperinflation in the construction industries,

‘Congress rejected 60 proposals to tax purchases of inefficient
new cars and 19 proposals to raise gasoline taxes between 1973
and 1977. In 1977, President Carter proposed a stringent “gas
guzzler” tax keyed to CAFE standards which included a rebate pro-
gram for purchases of especially efficient cars (which Congress de-
cided would violate the General Agreement on Tariffs and Trade—or
GAIT). When the current excise taxes were enacted, critics argued
that they would save only 10,000 bbl/d of imported oil, while the
Carter proposal, with higher taxes applied to more vehicles, was
estimated to be able to save 170,000 bbl/d (New York Times, Dec.
10, 1978).

*The liquid and gaseous fuel industry may also undergo a restruc-
turing, however. Synfuels development will tie up capital in consid-
erably larger blocks and for longer periods than historically experi-
enced by the industry. A concentration of ownership is also likely.

and the availability of appropriate labor and mate-
rials will determine the financial risks that must
be assumed by investors. Like the auto industry,
the synfuels industry is capital-intensive. A mod-
erately sized (50,000 B/DOE) fossil synfuels plant
could require an investment of $2 bilion to $5
billion; the industry’s growth and ability to attract
capital will thus be highly sensitive to the invest-
ment climate.

The major constraint on the development of
a synfuels industry is the technical uncertainty
associated with synfuels processes. There is essen-
tially no domestic commercial experience with
synfuels processes, and processes and design
concepts have not yet been adequately demon-
strated at a commercial scale. It is thus con-
ceivable that design errors and unexpected oper-
ational problems could delay construction or
cause a completed facility to be inefficient, even
a “white elephant” operating at only a fraction
of its capacity or at greatly higher cost than antic-
ipated. As with any capital-intensive industry,
there are high costs associated with the underutili-
zation of capacity.

Synfuels production will bean attractive invest-
ment if investors view the technical risks as being
low (i.e., commercial-scale demonstration units
are successful) and they expect oil prices to rise
sharply in the future, or if they want to secure
an early market share in case synfuels do become
competitive with the oil market. Unless oil prices
rise more rapidly than synfuel construction costs,
however, synfuels plants may not be economical-
ly attractive even after the processes are proven
and the technical risk is small.

Synthetic Fuels Production—
Policy Background

Congress created the National Synfuels Produc-
tion Program (NSPP) under the Energy Security
Act of 1980 (ESA) to promote the rapid develop-
ment of a major synfuels production capability.
Specific goals are set for 500,000 B/DOE by 1987
and 2 MMB/DOE by 1992.”

010s,,th ti,substitutes for petroleum and natural gas are the focus
of the NSPP; other programs support development of synthetic fuels
from biomass. Biomass subsidy options have been reviewed in de-
tail in the Office of Technology Assessment's Energy From Biological
Processes. For the NSPP definition of synfuels see Public Law 96-294,
sec. 112 (17) (A).
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In the first of three phases, the Department of
Energy (DOE) was authorized to offer financial
incentives for the production of alternative or syn-
thetic fuels. The original authorizing legislation
(Public Law 96-1 26) made about $2.2 bilion avail-
able, mainly for purchase commitments or price
guarantees pursuant to the provisions of the Fed-
eral Nonnuclear Research and Development Act
of 1974; total funds were subsequently increased
to approximately $5.5 billion. * 11

ESA created the Synthetic Fuels Corp. (SFC) in
the second phase as a quasi-investment bank, to
provide incentives to promote private ownership
and operation of synfuels projects. SFC is backed
by funds deposited in a special Energy Security
Reserve in the U.S. Treasury and to be used for
financial assistance in the form of: 1 ) price guar-
antees, purchase agreements, and loan guaran-
tees; 2) direct loans; and 3) support to joint ven-
tures. ” The governing board of SFC can decide

"This figure does not include an additional $1.27 billion that has
been made available for biomass energy, including alcohol fuels
and energy from municipal waste. For further details on this legisla-
tion, see Public Law 96-294, Public Law 96-304, and the CRS issue
brief (No. MB70245) “Synthetic Fuels Corporation, Policy and Tech-
nology,” by Paul Rothberg.

During the interim program, DOE awarded, in a first “round,”
$200 million of these funds, half each for feasibility studies and for
cooperative agreements. Of the first $200 million, approximately
two-fifths, or $80 million were for biomass projects, while the re-
mainder went to synfuels activities. DOE has in past years also pro-
vided support for a variety of research and demonstration activities
to support synfuels development.

DOE originally planned a second “round” of awards for feasibility
studies and cooperative agreements, but at the request of the
Reagan administration the $300 million authorized for these awards
was rescinded as an economy measure.

*In its guidelines to investors, SFC indicates that it strongly favors
price guarantees, purchase agreements, and loan guarantees, which
emphasize “contingent liabilities. ” The cost to the Government
of such aid varies with the success of the assisted projects; it is min-
imized when projects produce synfuels that can be priced competi-
tively with other fuels. To prevent overconcentrating funds, SFC
can give no project or person more than 15 percent of its authorized
funds, which is about $3 billion during its early years (1981-84).
In the case of loan guarantees, SFC cannot assume a financial liability
for more than 75 percent of the initial estimated cost of the proj-
ect, requiring the assisted company or companies to risk a sizable
amount of their own funds. Although there are broad guidelines,
the terms of each award will be negotiated separately with project
Sponsors.

None of the contingent liability incentives available to SFC can
exceed the amounts held for SFC in the U.S. Treasury; that is, SFC
cannot “leverage” its funds by guaranteeing loans in excess of its
actual reserves. In the period since the passage of the synfuels legis-
lation, estimates of the cost of commercial-scale synfuels plants have
continued to increase; therefore, unless in