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Chapter 4

Issues and Findings

INTRODUCTION

This chapter is a summary and comparison of
major results from the analyses discussed later in
the report. It also contains additional analyses
where needed to put the results in perspective.

It begins with a discussion of the true cost of
imported oil. Increased automobile fuel efficien-
cy, synfuels, and conservation and fuel switching
in stationary petroleum uses are then compared
according to the speed with which they can act
to reduce oil imports and their respective invest-
ment costs. Increased auto fuel efficiency and
synfuels are compared according to their environ-
mental, social, and economic impacts. Estimated
consumer costs for increased automobile fuel effi-
ciency and synfuels are also given in separate
boxes, but the uncertainties are too large for any
meaningfuI comparison. In addition, there is a
box discussing the uncertainties in total consumer
costs for each of the oil displacement options.

Following the comparisons, several issues re-
lated specifically to increased automobile fuel effi-
ciency or to synfuels are covered. For automo-
biles, the issues include the effects of incentives
for increased fuel efficiency on the evolution and
health of the U.S. auto industry, the possibilities
for a highly fuel-efficient car, the safety of small
cars, current demand for fuel efficiency i n cars,
and the prospects for electric vehicles. For syn-
fuels, probable environmental dangers, water
constraints, and compatibility of synfuels with ex-
isting end uses are considered.

Each separate entry in this chapter is designed
to stand alone and generally does not build on
other material in the chapter. The chapter is not
designed to be read from beginning to end; rath-
er, each reader can turn directly to those compar-
isons and issues of interest without loss of con-
text or regard for the way the entries are ordered.

WHAT DO OIL IMPORTS COST?
The private U.S. consumer pays the going mar-

ket price for imported oil, but that is not its only
economic cost. In the last decade, the Nation has
been forced to pay a substantial additional “pre-
mium” because of its strategic dependence on
a small number of foreign oil producers. During
especially unstable periods, such as the 1973-74
Middle East War and the 1978-79 Iranian Revolu-
tion, this import premium payment is highly visi-
ble and, when measured in terms of the incre-
mental cost for that segment of demand which
clearly exceeds available supplies, it can greatly
exceed the actual market price.

It is reasonable to attribute an exceptional pre-
mium payment to oil, and not to other imported
goods and services, because uninterrupted oil
supplies are critical to economic stability (i.e., few
substitutes exist at least in the short run) and
because the United States has become the prom-
inent importer on the world scene and has as-

sumed major responsibility for protecting world
oil trade. No other import constitutes such a vital
economic resource that must flow in such a large
continuous stream around the world. Although
the third quarter of 1981 has witnessed falling oil
prices and a modest supply surplus, future short-
age risks remain plausible because of the ex-
pected longrun depletion of world oil reserves
and because of unresolved and potential inter-
national conflicts.

The existence of a national premium payment
for oil imports can be explained in terms of three
economic relationships:

1.

2.

the dependence of international price on the
quantity of U.S. imports;
the loss of U.S. jobs and gross national prod-
uct (GNP) caused by oil payments abroad
and the associated depreciation of the dollar;
and

67
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3. the budgetary cost of military outlays and for-
eign military assistance related to assuring
the security of oil imports. These are de-
scribed below.

Dependence of Price on
Quantity Imported

Market price is a good measure of real or total
cost when markets are competitive and in a state
of stable equilibrium. Neither situation is charac-
teristic of international oil markets, which are
dominated by a small number of sellers and buy-
ers in an unstable marriage of short-term conven-
ience. Despite the complexity and unpredictabil-
ity of this relationship, it seems reasonably clear
that raising U.S. oil imports drives price upward
and vice versa, simply because any movement
by such a prominent importer appears to the rest
of the world as a shift in the world demand curve.
This positive relationship between quantity im-
ported and price means that the cost of incremen-
tal U.S. consumption exceeds current price
because the increment makes all future consump-
tion more expensive. Conversely, decrements in
U.S. consumption save more money than the
marginal reduction in purchases.

Eventually, oil markets may anticipate this
price/quantity relationship, but market adjust-
ments may not be smooth. Shocks can be ex-
pected, leading to domestic inflation and reces-
sion, because international relationships between
exporters and importers have become politicized
and because significant reductions in oil con-
sumption are difficult to achieve over periods of
up to several years due to the long lifetimes of
energy-related capital stock and the long lead-
time for alternative domestic fuels.

Loss of U.S. Jobs and GNP Caused
by Rising Oil Payments and by
Potential Supply Interruptions

Oil imports accounted for 26 percent of U.S.
payments for imports in 1979, which is about
twice the level of the second largest item. Con-
sequently, compared with equivalent rates of
growth or decline for other imports, changes over
time in oil payments have a relatively large im-

pact on the U.S. balance of trade, and, hence,
a relatively large impact on the exchange value
of the dollar.

In periods when the dollar is relatively strong,
as it has been recently (second half of 1981), it
is due in part to declining oil payments. In periods
when the dollar is weak, as it was during most
of the 1970’s and especially after 1975 because
of large deficits in merchandise trade, growing
oil payments increase selling pressure on the dol-
lar, lowering its foreign exchange value. While
this makes U.S. exports more attractive to foreign
buyers, export sales may not increase elastically
because of stagnant world economy or failure of
U.S. goods to meet quality standards. Therefore,
market adjustments, including both higher prices
and undoubtedly reduced purchases, are forced
on U.S. importers.

Furthermore, the declining value of the dolIar
has relatively little effect on oil imports, again due
to the long lifetimes of capital related to oil con-
sumption. Barring economic recession, oil con-
sumption significantly declines only with the slow
replacement of capital. Thus, even though rising
oil imports or sharply rising oil import prices may
be clearly responsible for dollar depreciation, oil
consumption may not bear the brunt of the re-
sulting short-term adjustment.

Overall, adjustments in the U.S. balance of pay-
ments also affect domestic economic activity. A
sharply rising oil import price directly increases
domestic inflation while at the same time larger
foreign payments can lower total demand for do-
mestic goods and services if, as is likely in the
short run, oil exporters do not spend their larger
receipts in the United States. This combination
of rising inflation and declining total demand puts
the Federal Government in a difficult position be-
cause corrective policies are contradictory. If con-
trol of inflation is the primary objective, sharp oil
price increases may force the Government to
brake the growth momentum of the national
economy or exaggerate downward cycles in or-
der to limit propagation of inflationary pressures.

In addition to oil price shocks, potential sup-
ply interruptions of oil imports present the clear-
est, most direct threat to national economic activ-
ity. As discussed above, few good substitutes exist
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for oil in the short run, so that reduced flow re-
sults in lost production and unemployment as
soon as stockpiles can no longer make up for the
deficit.

The potential premium payment, implied by
both unstable oil import prices and supply inter-
ruptions, can be illustrated in terms of the 1973-
74 shock. In 1974 and again in 1975, real GNP
declined by more than a percentage point after
having grown at a rate of 5 percent in 1973 and
4 percent in 1972. Although cause and effect in
macroeconomics is highly speculative, the losses
in 1974 and 1975 are widely believed to have
been due in part to the disruption of oil supplies
and the associated quadrupling of imported oil
prices. If, in fact, real GNP growth had been re-
duced by just one percentage point by oil-related
events, it would have meant a loss of about $15
billion in U.S. production ($1.5 trillion GNP in
1975), which amounts to $6.80 per barrel (bbl)
for the 2.2 billion bbl imported that year. The
price of oil at that time was about $11.

Military Outlays and Foreign Policy
Directions Forced by Oil

Import Dependence

Military and foreign policy are predicated on
many national objectives, but apparently one
very important consideration for the United States
is protection of oil supply lines. The cost of such
protection cannot be ascertained directly, but
current debate over defense budget priorities
indicates that the United States intends to develop
weapons systems and train personnel in order to
be able to fight a war in the Middle East, if nec-
essary.

If 10 percent of estimated 1982 defense outlays
were justified to meet military threats to Middle
East oil supplies, it amounts to about $18 billion
or about $9/bbl for the 2 billion bbl of oil im-
ported (net of exports) in 1981.

Conclusion

The complexity and unpredictability of world
oil markets and world oil politics make it difficult
to predict the oil import premium over time. * In
OTA’s judgment, the possible future import pre-
mium could range up to $50/bbl. It could be neg-
ligible if world demand continues its sharp down-
ward trend and if major new discoveries are
made outside the Middle East, but could be much
larger than the current price of oil if hostilities
break out which cut off most supplies from the
Middle East.

A technical analysis must stop short of greater
certainty except to indicate that a significant re-
duction of imports would drive the premium
down by reducing the visibility of the United
States in world oil markets and by reducing U.S.
dependence on supplies from politically unstable
countries. In other words, the premium payment
for the last barrel of imports is much higher than
for the first, and it is the last barrel which would
be displaced by domestic synfuels or by higher
fuel efficiency in automobiles.

*A number of estimates for both components of the oil import
premium are available. For the most detailed discussion of related
economic issues and documentation of results from current eco-
nomic models, see VVor/cf  Oil, Energy Modeling Forum, Stanford
tJniversity,  Stanford, Calif., ch. 5 (forthcoming).

HOW QUICKLY CAN OIL IMPORTS BE REDUCED?
Options for reducing U.S. oil consumption are Table 9 shows the estimated level of imports

considered in detail later in the report. Here, the in the absence of synthetic fuels and automobile
results of those analyses are summarized and the fuel-efficiency increases beyond a 1985 level of
relative contributions that the various options can 30 mpg. This base case also assumes: 1) the En-
make to reducing imports over the next two dec- ergy Information Administration’s (EIA) high oil
ades are considered. price future to 1990 for the consumption of oil
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Table 9.-Minimum Oil Imports
for Base Case (MM B/DOE)

1980 1985 1990 1995 2000

Stationary demanda (no
additional measures
past 1990) . . . . . . . . . . . . 8.1 7.3 6.4 6.4 6.4

Transportation demand
(other than
automobiles . . . . . . . . . . 4.5 4.7 5..0 5.4 5.7

Automobiles (with
1985 new-car average
of 30 mpg, no change
thereafter) . . . . . . . . . . . . 4.3 3.6 3.0 2.7 2.7

Sum of demand . . . . . . . . . 16.9 15.6 14.4 14.5 14.8
Domestic production . . . . 10.2 8.6 7.6 7.1 7.0
Imports. . . . . . . . . . . . . . . . . 6.7 7.0 6.8 7.4 7.8
%cludes  all nonfuei  oil uses such as asphalt, petrochemical feedstock, liquefied
petroleum gas, etc., which are projected by the Energy Information Administra-
tion to total 3.8 MMB/D  by 1990,

boil PIUS natural gas liquids.

SOURCE: Office of Technology Assessment,

for stationary uses;1 2) the transportation petro-
leum demand (other than for passenger cars) ex-
plained in chapter 5; 3) fuel oil demand by sta-
tionary uses is held constant after 1990; and 4)
the maximum domestic oil production projected
by OTA.2 For 1995 and 2000, the trends of the
1980’s for stationary uses of petroleum other than
fuel oil have been extrapolated, while holding
fuel oil consumption constant at the projected
1990 level. The assumption of constant fuel oil
demand for the 1990’s was chosen as the base
case to help illustrate the importance of eliminat-
ing this demand relative to other options for re-
ducing oil imports in the 1990’s.

It should be emphasized that a considerable
reduction in oil consumption through increased
efficiency and fuel switching in the 1980’s is al-
ready built into the base case. in particular,
achieving an average new-car fuel efficiency of
30 mpg by 1985 saves about 0.8 million barrels
per day oil equivalent (MMB/DOE) by 1990, rela-
tive to 1980 demand;* and conservation and fuel
switching in the EIA high oil price scenario reduce
oil consumption by 1.7 million barrels per day

1 Energy Information Administration, U .S. Depatiment  of Errergy.
z wOr/d  petfo/eurn  Availability: 19802~ Technical Memoran-

dum, OTA-TM-E-5 (Washington, D. C.: U.S. Congress, Office of
Technology Assessment, October 1980).

*The fuel saved in cars is 0.9 million barrels per day (MMB/D),
but the assumed increase in transportation needs raises consump-
tion in other types of transportation by 0.1 MMB/D.

(MMB/D) in stationary uses by 1990. However,
domestic oil production is likely to drop by at
least 2.6 MMB/D during this same time period,3

thereby nullifying any reduction in oil imports
from these measures alone.

Table 10 shows the various reductions in oil
consumption that may be achieved beyond the
base case. These include contributions from fur-
ther conservation and fuel switching in stationary
uses, increased automobile fuel efficiency beyond
a 1985 level of 30 mpg, electric vehicles (EVs),
and synfuels. Each of the areas where additional
oil savings are possible is discussed below.

By 1990, stationary demand for residual and
distillate fuel oil is 2.6 MMB/D in the base case. *
As explained in chapter 7, a combination of cost-
effective conservation measures and switching to
natural gas and electricity can eliminate this sta-
tionary fuel oil demand without a need to in-
crease gas production or electric generating ca-
pacity. How much of this potential actually is
reached will depend on such things as individual
decisions about conservation investments and

3 
World Petroleum Availability: 19802-Technical Memoran-

dum, op. cit.
*The remainder of the 6.4 MM B/D of stationary oil use includes

asphalt, petrochemical feedstocks, liquefied petroleum gas, and re-
finery still gas.

Table 10.—Contributions to the Reduction of Oil
Imports Beyond the Base Case (MMB/DOE)

1980 1985 1990 1995 2000
Conservation and

switching in
stationary
applications . . . . . 0 0 0 0.8a-1.3 l.5a-2.6

Increased automobile
fuel efficiency
beyond 1985
average of 30
mpg . . . . . . . . . . . . 0 0-0.1 0.1-0.5 0.3-1.0 0.6-1.3

(Average new-car
efficiency,
mpg b). . . . . . . . . (23) (30-37) (36-49) (40-63) (45-79)

Electric vehicles . . . 0 0 0 0 0-0.1
Synthetic transpor-

tation fuels:
Fossil . . . . . . . . 0 0-0.1 0.3-0.7 0.7-1,9 1.3-4.5
Biomass . . . . . . 0 (c) 0-0.3 0-0,6 0,1-1.0. — — —  —

Total . . . . . . . . . . . 0 0-0.20 .4-1.5 1.8-4.8 3.5-9.5
aEnergY  Information  Administration forecast.
bss percerlt  EPA citylds  percent EPA highway  test wcles.
CLeSS  tharl 0.05 MMBID.
SOURCE: Office of Technology Assessment.
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availability of transmission and distribution sys-
tems. The most recent projection of EIA provides
a reasonable lower bound on the reduction in
fuel oil that can be achieved during the 1990’s.

The range of potential savings from increased
automobile fuel efficiency corresponds to the low
and high estimates derived in chapter 5 and dif-
ferent assumptions about relative future demand
for small-, medium-, and large-sized cars, i.e.,
1) no shift to smaller cars and pessimistic assump-
tions about efficiency increases from automotive
technologies, and 2) a substantial shift to smaller
cars and optimistic assumptions about the tech-
nologies. By 2010, automobiles containing the
average technology of 2000 would have replaced
most cars on the road and the savings, relative
to the base case, would be 0.8 to 1.7 MMB/D (2.3
to 3.2 MMB/D relative to 1980 demand).

It should be emphasized that average new-car
fuel efficiencies shown in table 10 do not repre-
sent a technical limit to what can be achieved.
In any given year, cars with higher (and lower)
mileages than those shown would be produced
and sold. * Rather, the mileage ranges correspond
to what OTA considers to be feasible through a
variety of technological improvements.

If a very strong demand for fuel-efficient cars
develops, e.g., as the result of continued large
oil price increases, consumers may be willing to
accept poorer performance or pay the added cost
in order to achieve higher fuel efficiency. In this
case, the estimated average fuel efficiency shown
for 2000 in table 10 could be achieved by the
mid- 1990’s.

The contribution from EVs was calculated by
assuming that O to 5 percent of passenger auto-
mobiles would be electric by 2000, growing
linearly from O percent at 1985, The savings from
EVs is relatively small, however, because of the
relatively low consumption of petroleum by auto-
mobiles (1.3 to 2.1 MMB/DOE in 2000) and the

*For example, u p until January 1981, the 1981 model new-car
fuel efficiency of cars sold averaged slightly less than 25 mpg, but
if the most fuel-efficient cars in each size class had been bought,
the average would have been about 33 mpg.4

4Derived from data in J. A. Foster, J. D. Murrell, and S. L. Loos,
“Light Duty Automotive Fuel Economy . . . Trends Through 1981 ,“
U.S. Environmental Protection Agency, SAE paper No. 810386, Feb-
ruary 1981,

fact that EVs would be a substitute for the most
fuel-efficient cars.

The final category in table 10, synthetic fuels,
must be considered carefully to ensure that only
the synthetic fuels production that displaces oil
is included and technical difficulties are ac-
counted for. To derive the low estimate of syn-
fuels contributions, it is assumed that by the time
synthetic fuels become available, the only re-
maining stationary uses of petroleum are for
chemical feedstocks, asphalt, petroleum coke,
still gas, and liquefied petroleum gas (LPG). Since
these products cannot now be economically con-
verted to transportation fuels, the low estimate
in table 10 assumes that their replacement by syn-
thetic fuels (synthetic gas) would not result in ad-
ditional transportation fuels. * In addition, poor
performance of the first round of synfuel pIants
is assumed, limiting production until the early to
mid-1 990’s. As a consequence of this, the low
synfuels production scenario from chapter 6 is
used in the table 10 low estimate.

A more optimistic scenario is possible if it is as-
sumed that market or other forces strongly favor
the production of transportation fuels over syn-
thetic fuel gases and that half of the synthetic
gas* * plants projected in chapter 6 actually are
built to produce synthetic transportation fuels.
With these assumptions and the high scenarios
presented in chapter 6, one arrives at the upper
estimate for oil displacement by synfuels shown
in table 10. The high estimate, however, repre-
sents a vigorous dedication to synfuels produc-
tion and what might be termed near “war mobil-
ization” development of the industry.

The range of oil savings from each of these
sources is shown in figure 4, alongside the im-
port levels calculated in the base case. As can
be seen, under the most favorable circumstances
it is technically possible to eliminate oil imports
by 2000. However, if domestic oil productions

is below that shown in table 9 and if only the low
estimates of table 10—or even only the low esti-

*LPG can, however, be used directly in appropriately modified
automobiles.

**Excluding biogas from manure, which would be used principal-
ly on the farms where it is produced.

5 World Petroleum Availability: 1980-2000- Technical Memoran-
dum, op. cit.
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Photo credit: Paraho Development Corp.

The Paraho Semiworks Oil Shale Unit at Anvil Points, Colo.
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Figure 4.—Comparison of Base Case Oil Imports and Potential Reductions in These Imports
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mate for synfuels—are reached, then it is quite
unlikely that oil imports can be eliminated before
sometime well into the first decade of the 21st
century.

Although the large number of noteworthy un-
certainties make an exact determination of the
course of oil imports impossible, several conclu-
sions can be drawn.

First, increased efficiency and fuel switching in
buildings and industry are extremely important
for the reduction of oil consumption. Although
much of the potential in this area will be achieved
through market forces by 2000 under the high
oil price scenario of EIA, implementing the nec-
essary changes at an earlier date could significant-
ly reduce oil imports before 2000. For example,

B = High scenarios as outlined in text

fully implementing the potential for reducing sta-
tionary uses of fuel oil by 1990 would save about
15 billion bbl of oil imports or $600 billion (at
an average of $40/bbl) for the imports during the
period 1981-2000.

Second, synthetic fuels development has ap-
proximately the same importance as the conser-
vation and fuel switching options but its contribu-
tion to reduced imports will not be as large until
at least the late 1990’s. Further, if a large part of
the synfuels is used as a substitute for increased
efficiency and for conventional fuel switching in
stationary uses or as a substitute for petroleum
products not readily converted to transportation
fuels, elimination of oil imports is likely to be
delayed.
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Third, increases in automobile fuel efficiency
beyond a 1985 average of 30 mpg could reduce
automobile fuel consumption 20 to sO percent
(0.6 to 1.3 MMB/D) by 2000 below the fuel con-
sumption of a 30-mpg fleet. in addition, because
fuel efficiency increases in automobiles (to and
beyond 30 mpg) could reduce the automobile’s
share of transportation fuel needs from so per-
cent (in 1980) to 20 to 25 percent (in 2000), it
is likely that efficiency increases in various non-
automobile transportation uses beyond those as-
sumed in the base case could also make signifi-
cant contributions to reducing transportation fuel

needs. This option has not been analyzed by
OTA.

In summary, it probably will be necessary to
implement fully all of the options for reducing
oil consumption if one wants to eliminate net oil
imports before the first decade of the next cen-
tury. This will require full implementation of
charges needed for increased efficiency in all uses
of oil and fuel switching in stationary uses, as well
as directing synfuels production to transportation
fuels.

WHAT ARE THE INVESTMENT COSTS FOR
REDUCING U.S. OIL CONSUMPTION?

Introduction

investment costs are an important considera-
tion when comparing alternatives for reducing
U.S. oil consumption. OTA’s analysis indicates
that synfuels production, increased fuel efficiency
in automobiles, and conservation and fuel switch-
ing in stationary uses of oil all will require invest-
ments of the same order of magnitude for com-
parable reductions in oil. consumption in the
1990’s; whereas, synfuels production appears to
require larger investments than the other alterna-
tives for the 1980’s. Uncertainties in the cost esti-
mates as well as the fundamental differences in
the nature of the investments are too large, how-
ever, to allow a choice between approaches on
this basis alone.

In order to compare investment costs, they
have been expressed as the investment needed
to either produce or save 1 barrel per day oil
equivalent* of petroleum products. This method
was chosen in order to avoid problems that arise
when comparing investments in projects with dif-
ferent lifetimes and for which future oil savings
may be discounted at different rates.** In addi-
tion, from a national perspective the per unit in-

*One barrel of oil equivalent = 5.9 MMBtu.
**It does not, however, avoid the problem that the different par-

ties making the investments will have fundamentally different con-
straints on and perspectives about these investments and thus will
react quite differently in the face of investments of the same size.

vestment cost is important in that it is the param-
eter used in the aggregate to make choices
among competing investments. Conventional oil
and gas exploration are considered first to pro-
vide a reference point. Following this, OTA’s esti-
mates for the investment costs for increased auto-
mobile fuel efficiency, EVs, synfuels, and in-
creased efficiency and fuel switching in stationary
uses are discussed briefly.

Conventional Oil and Gas Production

Two estimates of recent investment costs for
conventional oil and gas exploration and
development in the United States are shown in
table 11. The data in this table were developed
from estimates of the annual investments in oil,
gas, and natural gas liquids exploration and devel-
opment per barrel of increased proven reserves
of these fuels (corrected for depletion). These lat-
ter estimates were then converted to investments
for an increase of 1 barrel per day (bbl/d) of pro-
duction (corrected for depletion) using the 1980
ratio of crude oil reserves to crude-oil produc-
tion and assuming an 8 percent refining loss. The
ratio of reserves to production for natural gas was
not used because price controls on natural gas
tend to inflate this ratio and thus the estimated
costs; and investments for oil exploration and de-
velopment were not separated from those for nat-
ural gas because there is no practical way to do
so.
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Table 11 .—Estimated Investment Costs
for Conventional Oil and Natural

Exploration and Development

Estimated investment cost
(thousand 1980 dollars per
barrel per day of petroleum

production )

Year Estimate Ab Estimate Bc

1974 . . . . . . . . . . . . . . . . . . . . . . 13 15
1975 . . . . . . . . . . . . . . . . . . . . . . 17 19
1976 . . . . . . . . . . . . . . . . . . . . . . 20 17
1977 . . . . . . . . . . . . . . . . . . . . . . 22 20
1978. . . . . . . . . . . . . . . . . . . . . . 29 18
1979. . . . . . . . . . . . . . . . . . . . . . 31 57d

1980. . . . . . . . . . . . . . . . . . . . . . Not available 39”
Extrapolated to 1985f . . . . . . . 53 49
“ ASSUflleS&perCent  refirlingloss”rld  a1980ratio ofcrude  Oil reServe9tOPrO-

ductionof3.07  x 10’ barrels ofreserves  ~erbarrel perday production. lfEIA
data for petroleum resemes are used, the figures are increased byabout  10
percent.

b lnvestrnen!cos!perbarrel  of increased rese~es from A. T. Guernsey, ”Econom-
Ics of Domestic Crude 011 and Natural Gas Exploration and Development
1959-1976,” December 1977, and “1977 and 1976 Addendum,” June 1979,
Prepared for Exploration and Production Department, Shell Oil Co., Houston,
Tex.;  and W. C, Hamber, Manager, Forecasting, Exploration and Production
Economics, Shell  011 Co., Houston, Tex.,  private communication, Nov. 11,1981

c Investment cost ~r barrel of ~ncreased  resewes  fOr the 26 major ener9Y corn.
panles  in the United States calculated for OTA by John Rasmussen, Economics
and Statistics, Energy Markets and End Use, EIA, October 1981, based on EIA
and American Petroleum Institute data See also “Pedormance  Profiles of Major
Energy Producers 1979,” EIA, U.S. Department of Energy, DOE/EIA-0206(79),
July 1981.

d This estimate iS anomalously high due to downward revision Of estimated re-
serves by Texaco during  the year and because Ashland Oil sold aome of its
crude oil reserves to a company not included in a sample of 26 ma)or energy
companies.

e Thia  estimate may be IOW  because petroleum reserve additions are overstated
due to the purchase of Texas Pacific Oil & Gas (not one of the 26 major com-
panies included in the calculation) by Sun 011 Co. (one of the 26 major energy
companies Included in the calculation).

f B~ed  on least squares fit of 1974-80 data, exclusive Of 1979 data in estimate
B. Correlation coefficient la 0.98!5  for estimate A and 0.82 for estimate B.

SOURCE: Office  of Technology Assessment.

There are significant uncertainties in these esti-
mates due to numerous anomalies in the data,
some of which are detailed in footnotes to table
11, and because the ratio of reserves to produc-
tion changes with market prices, production tech-
niques (e. g., enhanced oil recovery), and the na-
ture and quantity of reserves. Nevertheless, these
data do indicate that it is reasonable to expect
costs of $50,000/bbl/d or more for conventional
petroleum exploration and development by the
mid-1 980’s if recent cost trends continue.

Automobile Fuel Efficiency

OTA’s estimates of the investment plus associ-
ated product development costs for increased
automobile fuel efficiency are shown in table 12.

There are notable technical, accounting, and
market uncertainties associated with this type of
cost analysis, however.

The estimates in table 12 were derived by first
estimating the efficiency gains that can reason-
ably be expected over time from various changes
in the automobile system. They are based on both
published estimates and OTA’s analysis. The rates
at which these technologies may be incorporated
into new cars were then estimated and resultant
schedules for capital turnover derived. Next, the
investment cost calculations were based on pub-
lished estimates for the cost of replacing the ap-
plicable capital equipment (e.g., facilities for pro-
ducing a new engine or transmission, etc.). The
actual investment cost and resultant fuel efficien-
cy increases, however, will depend on a number
of factors specific to individual production plants
(and their future evolution), the way various pro-
duction tradeoffs are resolved, and the results of
future product development programs.

In addition to capital investment, development
costs have been included as part of the invest-
ment necessary to produce modified vehicles.
During the 1970’s, domestic auto manufacturers’
R&D (mostly development) costs averaged from
40 to 60 percent of their capital investments.6 In
table 12, development costs are assumed to be
40 percent of the capital investment allocated to
fuel efficiency (see below), but the actual costs
of developing the technologies for producing
more efficient cars at minimum cost are highly
uncertain. *

Beyond the uncertainties in the investment and
development costs, there is the problem of deter-
mining what fraction of the investments should
be ascribed to fuel efficiency. This arises because
some of the investments can be used not only
to increase fuel efficiency, but also to make other

6G. Ku[p,  D. D. Shonka, and M. C. Halcomb,  “Transportation
Energy Conservation Data Book: Edition 5,” oak Ridge National
Laboratory, ORNL-5765, November 1981.

*lt should be noted that R&D costs are not included for synfuels
because several essentially identical synfuels plants could be con-
structed with little additional R&D costs beyond those needed for
the first plant, whereas product and process development are nec-
essary for each major change in automobiles.
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Table 12.—Capital Investment Allocated to Fuel Efficiency Plus Associated Development Costs

Average capital investment plus
associated development costsb

Thousand 1980 dollars per
barrel per day oil

New-car fuel efficiency at equivalent of
Time of investment Mix shift end of time perioda (mpg) fuel savedc 1980 dollars per car producedd

1985-1990 . . . . . . . . . Moderatee 38-48 20-60 g 50-1909
Largef 43-53

1990 -1995 . . . . . . . . . Moderatee 43-59 60-1309 70-1809
Largef 49-65

1995-2000 . . . . . . . . . Moderatee 51-70 50-1509 50-1509
Largef 58-78

a EpA rated 5w45 percent city/highway fuel efficiency of avera9e new car.
b Development costs assumed to be 40 percent of capital investment allocated

to fuel efficiency (see text). One barrel of oil equivalent contains 5.9 MMBtu.
c Averages are calculated  by dividing average investment fOr  technological im-

provements by fuel savings for average car at end of time period relative to
average car at beginning of time period. The resultant average cost per barrel
per day is lower than a straight average of the investments for each car size
because of mathematical differences in the methodology (i.e., average of ratios
v. ratio of averages) and because extra fuel is saved due to demand shift to
smaller cars. The averaging methodology used is more appropriate for compari-
sons with synfuels because it relates aggregate Investments to aggregate fuel
savings. It should be noted that the cost of adjusting to the shift in demand
to smaller-sized cars is not included. Only those investments which increase
the fuel efficiency of a given-size car are included.

d Assuming  lnve9tment  iS used to produce cars fOr 10 Years, on the avera9e.
e Moderate shift In demand to smaller cars. Percentage Of new carS sold in each

size clasa are:

SOURCE: Office of Technology Assessment.

changes in the car. * The cost allocation problem
associated with multipurpose investments is well
known in accounting theory, and there is no fully
satisfactory solution to it.7

For table 12, it was assumed that 50 percent
of the cost of engine and body redesign, 75 per-
cent of the cost of most transmission changes,
and 100 percent of the cost of advanced materials
substitution and energy storage and automatic
engine cutoff devices should be allocated to fuel
efficiency. This results in between 55 and 80 per-
cent of the investments being allocated to fuel
efficiency, depending on the time period and sce-
nario chosen. For further details on how this and
other problems in estimating the cost of fuel effi-
ciency were resolved, see chapter 5.

*For example, automobile designs with low aerodynamic drag
may be preferred by consumers on esthetic grounds; front wheel
drive may be introduced to improve traction and increase interior
volume; microprocessor control of carburetion or fuel injection,
spark advance, exhaust gas recirculation, and other operating condi-
tions can be used to reduce exhaust emissions, improve perform-
ance, and enable the use of lower octane fuels; continuously vari-
able transmissions may be introduced to produce smoother acceler-
ation and improve performance. These and many other changes
can also be exploited to improve fuel efficiency.

7A. L. Thomas, “The Allocation Problem in Financial Account-
ing Theory, ” American Accounting Association, Sarasota, Fla., 1969,
pp. 41-57, and A. L. Thomas, “The Allocation Problem: Part Two, ”
American Accounting Association, Sarasota, Fla., 1974.

Year/size class Large Medium Small
1985 35 60 5
1990 25 60 15
1995 20 55 25

35
fLarge shift in demand to smaller cars. Percentage of new cars sold in each

size class are:
Year/size class Large Medium Small

1965 15 75 10
1990 5 65 30
1995 5 45 50
2000 5 25 70

gWithin uncertainties, the costs are the same for both mix shifts.

During the period 1985-2000, total capital in-
vestments in changes associated with increasing
fuel efficiency (i.e., allocating 100 percent of the
multipurpose investments to fuel efficiency) could
average $2 billion to $5 billion per year, depend-
ing on the number of new cars sold and the rate
at which fuel efficiency is increased. However,
if one deducts the cost of changes that would
have been made under “normal” circum-
stances, * the added capital investment needed
to achieve the lower mpg numbers in table 12
would be $0.3 billion to $0.7 billion per year. The
higher mpg numbers in table 12 would require
added capital investments (above “normal”) of
$0.6 billion to $1.5 billion per year. Adding 40
percent of the capital investment for development
costs results in added outlays of $0.4 billion to
$0.9 billion per year and $0.8 billion to $2 billion
per year for the low and high scenarios, respec-
tively.

A detailed examination of the scenarios pre-
sented in chapter 5 shows that a 1990 new-car

*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.
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average fuel efficiency of 35 to 45 mpg (depend-
ing on the proportion of small, medium, and large
cars sold) probably can be achieved with what
is termed here “normal” rates of capital turnover.
However, the validity of this conclusion and of
the above incremental investment and develop-
ment cost estimates will depend on market de-
mand for fuel efficiency, and, in OTA’s judgment,
there is no credible way to predict future market
demand for fuel efficiency.

Electric Vehicles

Use of EVs more nearly approximates synfuels
than increased automobile fuel efficiency, in that
EVs involve switching from conventional oil to
another energy source rather than reducing en-
ergy consumption. Consequently, the costs (per
barrel per day of oil replaced) for EVs are in-
cluded in table 13 with synfuels. As shown in
table 13, the costs for EVs appear to be significant-
ly higher than for the various synfuels options,
due to the high purchase price of the vehicle (rel-
ative to a comparable gasoline-fueled car) and
the fact that EVs would be replacements for rel-
atively fuel-efficient cars (because of an EVs lim-
ited size and acceleration). Furthermore, if bat-

teries must be replaced at regular intervals and
the cost of this is included as an investment cost,
the total investment per barrel per day rises dra-
matically.

Synfuels

The best available estimates for the investment
costs for various liquid synthetic transportation
fuels are shown in table 13. Because of uncertain-
ties in the cost estimates, no meaningful inter-
comparison among synfuels on the basis of cost
is currently possible. I n addition, as discussed in
chapter 6, the final investment in synfuels is like-
ly to be different from these estimates. As the
processes approach commercial production, they
will be revised as costs to overcome problems
encountered in demonstration units are deter-
mined. Construction costs will inflate at an un-
known rate relative to general inflation. And de-
lays during construction due to such possibilities
as lawsuits, strikes, late delivery of construction
materials, or other causes can increase the invest-
ment cost. In sum, current investment estimates
provide a very tentative guide to what synfuels
plants constructed in the 1990’s will cost. In addi-

Table 13.—lnvestment Cost for Various Transportation Synfuels and Electric Vehicles

Thousand 1980 dollars per barrel per day oil equivalent to end users
Methanol Coal to methanol and

Shale oil from coal Mobil methanol to gasoline Direct liquefaction Electric vehicle
Mining . . . . . . . . . . . . . . . . (Included in 4-15 4-15 4-15 5-19

conversion plant)
Conversion plant . . . . . . . 49-73 a 47-93 a 53-110 a 67-100 a 0-69b

Refinery. . . . . . . . . . . . . . . 0-10’ o 4-22d o
Distribution system. . . . . 0 O-2e

o 0
End use. . . . . . . . . . . . . . . 0 0-11f o 0 320°3909

Total . . . . . . . . . . . . . . . 49-83 51-121 57-125 75-137 325-478
aflange  of investments in ch.  6 plUS  possible 50-percent cost overrun and assuming plants operate at m Wrcent  of rat~ capacity
bupper  limit corresponds t. ca9e where new coal-fired eiectric  generating capacity would be naeded. That Is not currently  the case, however.
Cupper  limit  corres~nds  to a dedicated reflnOV.
dupper Iimlt from UC)P  and Systems  Development  corp., “Crude Oil v. Coal Oil Processing Comparison Study,” DOE/ET1031  17, TR-80/ml,  November 1979. Infiated

by 12 percent to refiect  1980 cost. Assumes a refinery dedicated to conversion faciiity. Lower iimit from “SRC-ii Demonstration Project, Phase Zero, Task No.  3, Market
Assessment Transportation Fueis From SRC-ii Upgrading,” Pittsburgh and Midway Coai  Mining Co., prepared for U.S. Department of Energy, Juiy 31, 1979. Assumes
oniy upgrading of iiquid  for use as feadstock  in an existing refinery.

eupper  limit ~sumes that haif of Cap=lty  must use  newiy constructed or expanded facilities, as foiiows:  500-miiO  piPOiine  at $1 miiiion  Per mile, 500,000 bbild  caPacitY;

tank truck (9,200 gai) costing $90,~,  10 runs per week; storage tanks and pumps costing $700/bbi/d of throughput.
f UpWr  limit  ~aume~ new engine design costing $540 miiilon  for  a ~,~ car per year f~tory;  0.15 capitai recovery factor; repiacing car consuming 250 gai  of gasoiine/yr.

Beyond the initial investment in new engine production facilities, the Investments are the same as for a gaaoiine engine, making the added investment zero, reiative
to gasoline vehicies.

gAssumes  an eiectric  vehicie costs $3,000 more than a comparably  performing gasoiine-powerw  car and the eiectric  vehlcie repiaces 8,000 to 10,MI  miles/yr  that
wouid  have been driven in a 60-mpg gasoline- or diesei-fueied  car. if batteries must be replaced every 10,000 miles (nine timea over iife of cad at a cost of $2,000
each time, the totai investment becomes $2.7 miiiion/bbi/d repiaced. These calculations assume that no oii  is used in the eiectric  generating faciiitles;  however, if
oii is used to generate part of the electricity, the investment costs per barrei  per day of oil dispiaced grow rapidly,

SOURCE: Office of Technology Assessment,
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tion, they most likely represent a lower limit of
the synfuels investment costs. *

Stationary Uses of Petroleum

OTA has also considered the costs of conser-
vation and fuel switching in stationary uses of oil,
although not in the same detail as for synfuels
and increased automobile fuel efficiency. The
major candidates are the residual and distillate
fuel oils still used in stationary applications after
1990. Other stationary uses of petroleum—as-
phalt, petrochemical feedstock, still gas, and liq-
uefied petroleum gas (LPG)—were not considered
to be major potential supplies of increased trans-
portation fuels. Although LPG can technically be
used as a transportation fuel, and petrochemical
feedstocks can be replaced by synthesis gas from
coal, a preliminary analysis indicates that the fuel
oils are more economically attractive alternatives
for increasing supplies of transportation fuels in
most cases.

OTA’s estimates for the investment costs of fuel
switching and increased energy efficiency in sta-
tionary uses during the 1990’s are shown in table
14. Although only single numbers are shown, in
fact there will be a range of costs depending on
development costs for new energy supplies, in-
stallation costs for end-use equipment, the extent
of changes needed at oil refineries, and variations
in conservation investments. Of the fuel switching
options the range is narrowest for fuel switching
to electricity because of the fairly well-defined

“Decisions about whether and how quickly to proceed with in-
vestments in synfuels production, however, will be strongly influ-
enced not only by estimated costs but by corporate strategy.

cost of producing electricity from coal and largest
for fuel switching to natural gas because of differ-
ences in the cost of developing various uncon-
ventional gas supplies.

In deriving the numbers in table 14, it was as-
sumed that the lower cost opportunities for fuel
switching and conservation would already have
been carried out by 1990. To the extent that this
does not occur, the per-unit investment cost esti-
mates for the 1990’s wouId be lowered some-
what. Also, increased end-use efficiency of elec-
tricity for heat and hot water would reduce the
investment needed for electric powerplants; and
if large supplies of relatively inexpensive gas are
found, fuel switching to gas could be a very at-
tractive option, in terms of capital investment. Be-
cause of these uncertainties and site-specific dif-
ferences in installation costs, one cannot clearly
choose among the alternatives on the basis of in-
vestment costs alone. All of the options to elimi-
nate stationary fuel oil use seem to require the
same order of magnitude of investments.

Conclusion

Three principal conclusions emerge from
OTA’s analysis of investment costs for the various
ways of reducing oil consumption. First, there is
a great deal of uncertainty about investment costs
due to technological unknowns, lack of experi-
ence, and site-specific cost differences. * Second,

*The situation is further complicated by the different nature of
the investments. Synfuel plant construction requires large invest-
ments over a number of years before any product is sold. Auto in-
dustries tend to make incremental changes in capital stock, with
the sum of several such investments sometimes costing more than
one abrupt changeover in capital stock. Investments in fuel switch-
ing and conservation are paid back through future fuel cost sav-
ings rather than product sales.

Table 14.—Estimated Investment Cost of Fuel Switching and
Consecration in Stationary Petroleum Uses During the 1990’s

Thousand 1980 dollars per barrel per day of oil replaced or saved

Conversion to Conversion to Conversion of boilers from Increased efficiency
Investment at natural gas electricity residual fuel oil to coal and fuel switching

End use equipment . . . . . . . . . . . . . . . . . . 24 32 37 (51)a 88
New production of fuel . . . . . . . . . . . . . . . 90 78b 16C (22)a o

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 110 53 (74)a 88
The number in parenthesis is corrected for the 72-percent efficiency of refining residual fuel oil and is the Investment per barrel per day of resultant distillate oil pro-
duced from the residual 011.

btin9truction  of coal-fired powerpiant  ($74,000) Plus new coal  mining  (S4,400).
CM~ification  of reflnerleg t. upgr~e residual  oil  to distillate  fuels, $14,000, and incre~~ COSI  production, $2,000. The refinery modification is based on data presented

in ch. 6, assuming that 0.6 MMB/D  of domestically produced residual oil is already being upgraded in 1990.

SOURCE: Office of Technology Assessment.
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even if more certain cost data were available to- been made, the annual capital investment
day, different inflation rates in different sectors needed to maintain all aspects of liquid fuel pro-
of the economy or modest technical develop- duction and use will depend on the level of fuel
ments could change any conclusions about rela- efficiency actually achieved. In particular, high
tive costs by the 1990’s. Finally, once the initial levels of efficiency in end uses will require lower
investments to reduce oil consumption have levels of annual capital investment.

Box A.-Consumer Cost of Increased Automobile Fuel Efficiency
For the purposes of this section, the consumer

cost of increased fuel efficiency was defined to
be the added cost of producing a more fuel-effi-
cient car (relative to an otherwise comparable
but less efficient car) per gallon of fuel saved by
using the more efficient vehicle. The added cost
of producing more fuel-efficient cars will depend
not only on the investments needed to change
automobile production facilities and the produc-
tion volumes, but also the resultant changes in
the variable costs* of production, such as
changes in materials and labor costs.

As discussed on page 75, the capital invest-
ments that are needed to increase fuel efficien-
cy also produce other changes in automobiles;
and allocation of costs among fuel efficiency and
the other changes is somewhat arbitrary. In addi-
tion, if market demand for fuel efficiency is
strong, many changes that increase fuel efficien-
cy would be incorporated into the normal capi-
tal turnover of the industry. For the purpose of
calculating consumer costs, however, essentially
the same approach was taken as with the invest-
ment cost estimates. The fraction of investments
allocated to fuel efficiency are the same as for
the investment costs per barrel per day of fuel
saved; and only the average costs per average
gallon saved have been calculated-relating
each 5-year period to the previous 5-year period
—rather than compounding errors by assuming
some market-driven scenario as a point of
reference.

In addition, it was assumed that production
volumes are sufficiently large so that there are
no significant diseconomies from small-scale
plants or losses from underutilized facilities.
Weak demand for fuel efficiency and/or for new
cars in general could of course result in addition-
al costs of this sort.

A key factor in consumer costs is the change
in variable costs associated with producing more
fuel-efficient vehicles. Variable cost estimates,

● Variable production costs are those that vary in proportion to the
number of units produced as opposed to fixed costs such as capital
charges.

however, are generally proprietary and can vary
considerably from one company to another. Fur-
thermore, changes in variable costs with in-
creased fuel efficiency will depend, to a large
extent, on the success of efforts to develop pro-
duction technologies that can hold down pro-
duction costs. Some of the uncertainties in vari-
able cost changes are discussed below, followed
by illustrative examples of plausible consumer
costs for increased fuel efficiency.

Some changes that increase fuel efficiency will
lower variable costs; some will increase some
variable costs while lowering others; and still
other changes are likely only to increase variable
costs.* However, factors which are only periph-
eral to the nature of the technology incorporated
in the car often dominate the change in variable
costs, These factors include: 1) the existing
nature and layout of equipment in the plant
being modified to produce the new car, 2) vari-
ous specific production decisions (e.g., which
of various processes is used in manufacturing a
component, what equipment will be modified,
what will be the production volume), and 3) the
success of developing new, lower cost proce-
dures for producing a component and assem-
bling it in the vehicle. In other words, the net
change in variable costs depends not only on
the nature of the new technology and the way
it is produced, but also on the path the manufac-
turer has chosen to evolve from the current pro-
duction facilities and configurations to those
needed to produce the more advanced tech nol-

*For exampte,  reducing automobile size and weight by reducing
the quandtyofmetedals  mshms  variable costs. Switching to lighter
wei@t matedats has the side  dfsct  of reducing the needed size of
axtes, auto fra~ ate,, which  rbduces  costs; but the higher cost of
the new matena“ tand i~ dtfficuky  of handling that material
(e@ ddiw dw X finishin&  painting, heat treating) can
incraase vat?abtecmsts.  Srt#@dy,  producing a more efficient engine
may enatdemductton  }a##ne  s&e, number of cylinders and com-
plexity of the polhKion  control w@prnent,  which reduces costs; but
the need for more precise machining and possibiy  added equipment
(e.g., turbochargers) can raise thevariabie costs. Finally, changes such
as going from a three-speed transmission to a four-speed, five-speed,
or continuously variabie  transmission are iikeiy to increase variabie
costs because of increased complexity and materiais  and process-
ing requirements.
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BOX B.-Consumer Cost of Synfuels

The consumer cost of synthetic transportation Figure 5.-Consumer  Cost of Selected  Synfuels 
fuels will depend on a number of factors. The WithRates of Returns on Investments
most important of these are the actual capital in-
vestment needed to build the synfuels plant, the
way plant construction is financed, the required
return on investment, the cost of delivering the
fuel to the end user, and the end-use efficiency
of the synthetic product. For the first generation
of synfuels plants, the costof producing the syn-    
fuel will also depend critically on plant perform- ‘
ance, specifically the amount of time the plant
is operated Mow its rated capacity due to the
technical problems. (See ch. 6 for a more de-
tailed sensitivity analysis.) Depending on
assumptions about these factors, one can derive
a wide variety of consumer costs.

Table 16 shows two sets of consumer costs for
various fossil synfuels. These costs are based on
the best available investment and operating cost
estimates and assume no cost overruns, good
plant performance (90 percent of rated capac-
ity), a lo-percent real return on equity invest-
ment* and two financing schemes: 100-percent
equity financing and 75/25 percent debt* */equi-
ty financing. Figure 5 shows how these con-

*ln other words, a return on investment that is 10 percent higher
than general inflation.

● *The debt must be.project.specific, i.e., the money is loaned for
the specific project and is not general debt capital whose payback
is guaranteed by other company assets.

0 5 10 15 20 25

Real return on investment (%)

 C o a l  t o  m e t h a n o l
.  o i l  s h a l e and SNG

, Coal to Methanol
to gasoline

a5% real interest rate on debt.

SOURCE: Office of Technology Assessment.

Table 16.-Estimated Consumer Cost of Various
Fossil Synfuels Using Two Financing Schemes

Cost of Synfuel delivered to end usera($/gallon gasoline  equivalent)
Liquid transportation fuel 100% equity financingb 75% debt, 25°A equity financing
Reference cost of gasoline from 

$32/bbl crude oil . . . . . . . . . . . . . . . . . 1.20
Shale oil ‘ :. . . . . . . . . . .. . . . . ..
Methanol from coal . . . . . . . . . . . . . . . 1.30d(1.10)e  0.95d(0.80)e

1.60 f(1.30)e 1.10 (0.90)e

Coal to methanol with 1 . 2 5d

Mobil methanol to gasoline. . . . . . . . . . . . . 0.80d

. .  . 1 . 6 0g

1.00 g

0 .85d

anol usually  costs more per gallon of
twice as high for methanol as for

real return on equityinvestment, 5-percent real investment on debt.  
~~~~-m’ “ ‘ ‘ “ ‘“ :’:-  - ~, (, ~,+
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creases the apparent cost of fuel efficiency per
gallon saved by a factor of 2.5 over the situa-
tion where no discount is applied to future fuel
savings. In practice, there will be a wide variety
of discounting rates used by various consumers,
and the rates will change with market conditions
(including oil prices and interest rates) and con-
sumers’ beliefs about future oil prices and avail-
ability, among other things.

Synthetic Fuels

For synfuels processes that produce sizable
quantities of different fuel products (e.g., synthet-
ic natural gas and fuel oil), one encounters ac-
counting problems similar to those discussed
under increased automobile fuel efficiency-i.e.,
how to allocate production costs to the various
synfuels products. However, these problems are
less severe for synfuels than for automobiles be-
cause all of the major products of the former are
separate consumer products with known current
prices. Furthermore, the accounting problems
can be largely avoided by considering only proc-
esses that produce only fuels of similar quality
(e.g., gasoline, jet, and diesel fuel), and avoided
entirely by considering processes that produce
only one major product.

Variations in operating and maintenance costs
and future coal prices produce some uncertain-
ty in the cost of synfuels. The more important
uncertainties, however, involve the cost of build-
ing a synfuels plant, how this cost will be fi-
nanced, and investors’ required rates of return

on investment. The cost of synfuels from the first
generation of synfuels plants will also depend
critically on plant performance, with frequent
shutdowns and repairs increasing costs dra-
matically. Presumably, later generations of plants
will perform reliably.

Fuel Switching and Conservation

The total cost of switching utility boilers from
fuel oil to coal is fairly welt known. There are,
however, some areas of the country where coal
is not readily available, and there is insufficient
space to accommodate coal handling facilities
at some electric generating plants.

The major variability in the cost of switching
to natural gas and electricity for buildings and
in industry  results from widely varying required
rates of return  on investments in different indus-
tries and  for different building owners or renters.
At some sites, though, natural gas is not available
or space limitations prevent the installation of
gas facilities. There is also uncertainty in the cost
of finding and processing unconventional natu-
ral gas (from tight sands, etc.).

The total cost of conserving heat and hot water
in buildings is probably the least certain of the
measures for reducing stationary oil use. Not
only are there large uncertainties and variability
in the savings that can be achieved through vari-
ous conservation measures, but also consumers
will discount future fuel savings at widely differ-
ing rates.

HOW DO THE ENVIRONMENTAL IMPACTS OF INCREASED
AUTOMOBILE FUEL EFFICIENCY AND SYNFUELS COMPARE?

The synfuels, auto fuel efficiency, and electric
auto alternatives for displacing imported oil have
sharply different potential impacts on public
health and safety, on workers, and on ecosys-
tems. In addition, probabilities of these impacts
actually occurring—few of them are inevitable—
are also quite different. Both the potential impacts
and their risks are briefly compared below. The
nature of some of the risks, however, is obscured
by the brevity of the following discussion. For ex-
ample, the actual risk associated with possible

contamination of drinking water by synfuels pro-
duction is heavily dependent on the degree of
prior recognition of the risk and response to this
recognition –for example, development of
ground water monitoring systems. Also, risks that
are similar in magnitude are often valued differ-
ently because of the degree of choice involved
(e.g., willing exposure to the risks of auto travel
v. unwilling exposure to accidental toxic spills)
and the precise nature of the risks (e.g., multiple
automobile accidents involving only a few peo-
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ple at a time v. a serious accident or control fail-
ure at a large synfuels plant).

Public Health and Safety

Reductions in vehicle size, part of the auto fuel-
efficiency measures, could have the strongest ef-
fect on public health and safety through their po-
tential adverse effects on vehicle safety. The ef-
fect is difficult to estimate because of a lack of
comprehensive traffic safety data that would al-
low an evaluation of the relative effect of car size
and other key safety variables on vehicle crash-’
worthiness and accident avoidance, and because
of uncertainty about the compensatory measures
that might be taken by the vehicle manufacturers
and by drivers. Although the National Highway
Traffic Safety Administration has projected vehi-
cle size reductions to cause an additional 10,000
annual traffic deaths by 1990 if compensatory
measures are not taken, this and other quantita-
tive estimates of changes in traffic safety are based
on limited data and relatively crude models. Nev-
ertheless, an increase in traffic deaths of a few
thousand per year because of vehicle size reduc-
tions does seem plausible.

Diesel use could have an adverse effect on
emissions of nitrogen oxides (NOX) and particu-
Iates, and conceivably could cause public health
problems in congested urban areas. The risk is
moderated, however, because: 1) controls for
NOX and particulate are under active develop-
ment, although success is not assured and it is
possible that the current level of effort will not
be continued; and 2) the evidence for health
damage from diesel particulate is equivocal.

Electric passenger vehicles are likely to be
small, and thus should share safety problems with
radically downsized high-mileage conventional
automobiles. Additional safety problems caused
by the batteries, which contain toxic chemicals
that may be hazardous in an accident-caused
spill, are offset somewhat by eliminating the fuel
tank with its highly flammable contents. Also,
electric cars shouId have a positive effect on air
quality, especially in urban areas, because the
reductions in automobile emissions outweigh in-
creased emissions from powerplants, except for
sulfur dioxide (SO2).

Synfuels plants may expose the general public
to health and safety hazards in a variety of ways:
contamination of drinking water from leaching
of wastes, accidental spills, or failure of effluent
controls; accidental release of toxic vapors; ex-
posure to contaminated fuels; and routine emis-
sions of conventional air pollutants such as SO2

and NOX. Only the routine emissions are essen-
tially inevitable, however, and health and safety
problems from these should be minimized by
Federal ambient air quality standards and by the
relative magnitude of these emissions, which
should be considerably lower than emissions
from projected levels of development of coal-fired
electric generation during the same time frame.
The extent of risk from the other sources is not
well understood because the toxic waste streams
from the plants have not been fully characterized,
the effects of some of the known and suspected
waste products are not yet well understood, and
the effectiveness and reliability of some critical
environmental control systems have not been
demonstrated under synfuels plant conditions
(see issue on p. 95). Chemical industry sources
believe that few problems will arise, but, as
discussed in the above-mentioned issue, some
areas of concern remain.

Worker Effects

With the possible exception of some worker
exposure to toxic materials in battery manufac-
ture, the only significant occupational health and
safety problem associated with the automobile
measures appears to be mine safety and health
effects involved in any increased mining of coal
for electricity needed for recharging electric car
batteries, and, to a lesser extent, for aluminum
manufacture. These impacts are not trivial, be-
cause the amount of coal needed per barrel of
oil saved for electric cars is of the same order of
magnitude as that needed for synfuels produc-
tion (assuming coal-fired electricity and coal-
based synfuels). The coal-to-oil balance for alumi-
num use is somewhat less certain, although some
analyses have calculated it to be similarly high.
The use of aluminum is not the major part of the
efficiency measures, however, and the actual
amount of coal required is not likely to be signifi-
cant in comparison with the coal used for syn-
thetic fuels.
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As noted, synfuels production has a coal re-
quirement similar to that of electric autos, and
thus shares similar mineworker problems. It has
important additional problems. The sources of
moderate risks to public health and safety—fugi-
tive emissions, spills, plant accidents, and con-
taminated fuels–pose more serious risks to work-
ers because of their frequency and severity of ex-
posure. For example, workers will be continuous-
ly exposed to low levels of polynuclear aromatics
and other toxic substances because fugitive emis-
sions cannot be reduced to zero. Another impor-
tant source of possible worker exposure is the
maintenance requirements of synfuels reactors;
the materials that must be handled in these opera-
tions are likely to have the highest concentrations
of dangerous organics.

Exposure to hazardous substances is common
in the petrochemical industry, and worker-pro-
tection strategies developed in this and related
industries will be used extensively in synfuels
plants. These strategies clearly will reduce the
hazards, but the degree of reduction is highly un-
certain (see issue on p. 95).

Ecosystem Effects

The only significant sources of ecosystem ef-
fects from the automobile measures are likely to
be the changes in air quality caused by the use
of electric autos (which probably will be positive)
and diesels, and the air, land, and water pollu-
tion associated with the mining and processing
of both coal for electricity (for battery recharg-
ing or aluminum production) and battery materi-
als such as lead and lithium. Obtaining the new
battery materials is thought unlikely to cause im-
portant environmental problems, but there are
many different kinds of potential battery materi-
als, and final judgment probably should be with-
held at this time. Nevertheless, with the excep-
tion of the electric-car coal-mining requirements,
any adverse ecosystem effects of the automobile
measures appear likely to be mild.

Synfuels production is likely to cause signifi-
cantly greater adverse effects, because it will have
coal-mining damages per barrel of oil roughly
similar to electrical autos as we//as several addi-
tional and potentially important adverse impacts.

These include substantially increased mining and
waste disposal requirements if oil shale is the syn-
fuels feedstock, and a variety of potential adverse
impacts stemming from the possibility that toxic
materials generated during the conversion proc-
esses will escape to the environment. The path-
ways of potential damage from toxics are essen-
tially identical to those threatening public health
and safety—surface and ground water contamina-
tion, toxic vapors, and exposure (in this case from
spills) to contaminated fuels. Unfortunately, prob-
ability of the damage actually occurring is equally
difficult to evaluate.

An additional concern is that synthetic fuels
from biomass sources–which in general have
similar or less severe environmental problems
than coal-based synfuels—may have more severe
ecosystem effects because of the very extensive
nature of their resource base. The adverse ecosys-
tem effects of large increases in grain production
to produce gasohol, for example, can be quite
serious, and, given the nature of the current
agricultural system, the probability of such effects
occurring is high.

Summary

The environmental impacts of increased auto-
mobile fuel efficiency and synthetic fuels develop-
ment will be quite different and difficuIt to com-
pare. The major impacts of auto efficiency im-
provements are likely to be increases in crash-
related injuries and fatalities from auto size reduc-
tions. The severity of these impacts is heavily
dependent on vehicle design and driver behavior
(especially seatbelt usage). Synthetic fuels devel-
opment’s major impacts will include the well-
known ecosystem effects as well as public and
worker health and safety effects of large-scale
mining and combustion of coal. Oil shale devel-
opment will have many similar effects; a most
serious environmental risk may come from inade-
quate disposition of the spent shale. In addition,
there are potentially serious impacts on people
and ecosystems from the escape of toxic sub-
stances from synfuels conversion processes. The
severity of these impacts is unclear because im-
portant waste streams have not been character-
ized and environmental control effectiveness and
reliability has not been demonstrated.
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HOW WILL THE SOCIAL IMPACTS OF SYNFUELS AND INCREASED
AUTOMOBILE FUEL EFFICIENCY COMPARE?

Identifying, assessing, and comparing the social
impacts of synfuels development and improved
automobile fuel efficiency are difficult because
these impacts will not be distributed evenly in
time or among regions. Moreover, they cannot
necessarily be measured in equivalent (e.g., dol-
Iar) terms, and they are difficult to isolate and at-
tribute to specific technical choices. Both benefi-
cial and adverse social consequences will arise
from these two approaches to reducing oil im-
ports.

Employment

Synthetic fuels production presents two major
considerations about social impacts related to
employment. First, there is the possibility of short-
ages of experienced chemical engineers and
skilled craftsmen. A rapid growth in synfuels
would likely put increased pressure on engineer-
ing schools, which are now suffering from insuf-
ficient numbers of faculty. The second concern
arises from the large and rapid fluctuations in
labor requirements for construction. While no
shortages of construction workers are expected,
on the average, fluctuating labor requirements
during construction and startup can have severe
secondary effects on communities at the con-
struction sites. A population increase of about
three to five people per new worker could occur,
leading to possible population fluctuations of
30,000 to 60,000 people for some synfuels con-
struction.

The changing structure and markets of the es-
tablished automobile industry are likely to lead
to a long-term, permanent decline in auto-related
industrial employment. The nature of this decline
will depend on import sales, the growth rate of
the U.S. auto market, the competitiveness and

labor intensity of U.S. manufacturing, the use of
foreign suppliers and production facilities, and
the adoption of more capital-intensive produc-
tion processes and more efficient management
practices. The skill mix will also shift increasing-
ly towards skilled labor. Scarcities of experienced
engineers and certain supplier skills could inflate
the prices of skilled manpower resources for both
synfuels and changing automotive technology.

Community Impacts

Synfuels development will have its most imme-
diate effect in relatively few small and rural oil
shale communities in the West, as well as in the
small rural communities located near many of
the Nation’s dispersed coal resources. In the long
term, local communities should benefit from syn-
fuels in terms of expanded tax bases and in-
creased wages and profits. However, in the near
term, there are risks of serious disruptions in both
the public and private sectors of these communi-
ties. The nature and extent of these disruptions
will be determined by the community’s ability to
absorb and manage growth, and the rate and
scale of local synfuels development.

Automobile production jobs are presently con-
centrated in the North-Central region of the Na-
tion. The geographical distribution can be ex-
pected to change as inefficient plants are closed
and new production facilities are established in
other parts of the United States. New plants will
provide new employment opportunities with ac-
companying community benefits (e. g., tax rev-
enues); plant closings in areas heavily oriented
towards the auto industry would deepen the ex-
isting economic problems of the North-Central
region, i.e., high unemployment, rising social
welfare costs, and declining tax base.
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HOW DO THE REGIONAL AND NATIONAL ECONOMIC IMPACTS
OF SYNFUELS AND INCREASED AUTO EFFICIENCY COMPARE?

In addition to comparisons on the basis of cost
per barrel, environmental impacts and local social
impacts, increased automobile fuel efficiency and
synfuels can be compared on the basis of their
potential regional and national economic im-
pacts. The latter comparison is important because
each type of investment implies an alternative na-
tional strategy to achieve the goals of price stabil-
ity, national economic growth, and equity as well
as oil import reduction.

Regional and national aggregation are also im-
portant because both industries are capital-inten-
sive. Large blocks of investment must be mobil-
ized, with key investment decisions made by a
relatively small number of firms, based on very
uncertain longrun predictions about the future.
As summarized below, a variety of important na-
tional and regional issues are raised by the uncer-
tainties and inflexibilities inherent in these deci-
sions.

Inflation and Economic Stability

Inflation may be dampened and the economy
stabilized if either type of investment is successful.
In the case of synfuels, if first generation plants
demonstrate competitive costs, the mere pros-
pect of rapid deployment could moderate oil im-
port prices and thus help to control what has
been one of the major inflationary forces during
the last decade. In the case of autos, if increased
fuel efficiency helps domestic firms to hold or per-
haps increase their market share, this would keep
U.S. workers employed and at least stabilize for-
eign payments for autos. Higher employment also
tends to reduce Federal transfer payments, which
either reduces the Federal deficit or lowers taxes.
Reductions or stabilization of foreign payments
tends to strengthen the value of the dollar in for-
eign exchange markets. Both changes, in the Fed-

eral budget and on foreign accounts, reduce infla-
tionary pressure.

On the other hand, attempts to displace oil
imports too quickly may be inflationary. Risks of
inflation, technical errors, and market miscalcula-
tions all increase with the rate of synfuels deploy-
ment and with shortening the time taken to con-
vert the domestic auto fleet to high fuel efficiency.

in the case of synfuels, rapid investment growth
in the next decade, beyond construction of dem-
onstration projects, could cause inflation by creat-
ing suppliers’ markets in which prices for con-
struction inputs, especially chemical engineering
services, can rise more rapidly than the general
inflation rate. Deployment prior to definitive test-
ing in demonstration plants also compounds
potential losses due to design errors.

In the case of autos, rapid large-scale invest-
ments can inflate prices of vehicles as firms at-
tempt to amortize capital costs quickly. However,
if these attempts fail, presumably because buyers
stop buying high-priced domestic autos, then
newly invested capital must be written off pre-
maturely, resulting in the waste of scarce re-
sources for the firm and the Nation. Furthermore,
if rapid fuel-efficiency improvements are forced
by abrupt, real fuel price increases or by ag-
gressive foreign auto competition, then the
domestic auto industry and owners of fuel-inef-
ficient cars will both be forced to absorb lump
sum losses in the real value of current assets. Low
prices for new cars resulting from competition do,
however, benefit purchasers of these cars.

Employment and International
Competition

If improved fuel economy makes domestically
produced autos more competitive with imports,
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there will be two major national economic pay-
offs besides fuel savings. First, this improved com-
petitiveness will protect traditional U.S. jobs; sec-
ond, it will reduce the drain of foreign payments
to auto exporting countries as well as to oil ex-
porters. Synfuels do not present a similar coupling
of economic possibilities.

There are major doubts, though, about the
longrun success of U.S. automakers with foreign
competition. The United States may not be able
to compete in the mass production of fuel-effi-
cient autos for a variety of reasons—such as high
wages, low productivity, and inefficient or out-
of-date management. All such explanations are
speculative, but together they have raised serious
doubts about U.S. competitiveness in the con-
text of the recent, rapid increase in the market
share of auto imports. If foreign automakers con-
tinue to drive domestics out of the market for fuel-
efficient autos, synfuels investments may be pre-
ferred over investments in fuel efficiency even if
the apparent cost per barrel of the former are
higher.

Assuming investment in either industry does
lead to increased U.S. production, employment
opportunities for synfuels and autos can be com-
pared based on 1976 data (the most recent avail-
able). Synfuels production involves mainly min-
ing and chemical processing activities, which in
1976 dollars had $59,000 and $55,000 invested
per worker respectively. On the other hand, the
transportation equipment sector of the economy
(which is dominated by autos) had $27,000 in-
vested per worker and auto suppliers such as fab-
ricators of metal, rubber, and plastic products had
about $21,000 per worker. In other words, in the
recent past the auto industry created about twice
as many jobs per dollar of investment as industrial
activities similar to synfuels. The current trend
toward automation in automating will undoubt-
edly lower its labor intensity, but the auto industry
should continue to employ more workers per unit
of investment.

Income Distribution Among Regions

Another question concerns the likely regional
distribution of incomes from autos and synfuels.
An analysis of location factors was not carried out,

but two points can be made. First, to the extent
that the auto industry could use existing plants
or build nearby, current employment patterns
and established communities could be main-
tained. This would preclude costly relocation and
would tend to favor the North-Central region of
the United States, which has been losing its in-
dustrial base.

Second, new auto plants can be located in
more areas of the country than new synfuels
plants because of the high cost of transporting
synfuels feedstocks, especially oil shale, com-
pared with the cost of transporting manufactured
materials and parts for automobiles. Transporta-
tion costs are likely to concentrate synfuels invest-
ments in regions of the Nation with superior shale
and coal reserves. Biomass options are least likely
to be concentrated, because resources are dis-
persed, and coal-based options are much more
flexible than shale because coal is more widely
dispersed.

Capital Intensity and
Ownership Concentration

Finally, both strategies for oil import substitu-
tion affect the number of profitable firms in each
industry. In both industries, the number of com-
petitive firms is severely constrained by the size
of investment outlays and by the acquired knowl-
edge of those already in the business.

In liquid fuels, the introduction of synthetic
fuels sharply increases the amount of capital in-
vestment required per barrel of liquid fuels pro-
duction capacity. For example, in the case of one
major oil company, present capitalized assets per
average daily barrel of oil equivalent of produc-
tion from old reserves of conventional oil and nat-
ural gas is less than 20 percent of OTA’s estimate
of the similar ratio for oiI shale. * However, new
reserves of conventional oil and gas will also re-
quire much larger capital outlays than old re-
serves, due to depletion of finite natural re-
sources.

*Value of assets for Exxon was obtained from its 1980 Annual
Report.
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From the investor’s viewpoint, the sequence
of investments for conventional petroleum re-
sources is very different from synfuels projects.
For conventional petroleum, small operators can
explore for new reserves, at least on shore, with
only a relatively small amount of high-risk money
and the limited technical staff required to rent
a drilling rig and to determine where the wildcat
well should be drilled. If a discovery is made, sub-
sequent, much larger investments in develop-
ment wells and pipelines can be made at relative-
ly low risk. In synfuels, a firm simply cannot enter
the business without command of all capital re-
quirements up-front, or without a very large staff
of technicians and managers.

In summary, investment options to discover
and develop conventional oil and gas will be ex-
ploited before synthetics even if estimated total
capital outlays are the same, because the former
confine major risks to the front-end of projects
before the largest blocks of capital must be com-
mitted.

As a result, it is likely that only a very small frac-
tion of the hundreds of firms currently produc-

ing conventional oil and gas will have the finan-
cial and technical means to produce synfuels
when conventional resources are depleted.
While this growing concentration of ownership
may not lead to the classical problem of price fix-
ing by domestic producers, because oil and gas
are traded on worldwide commodity markets, it
does at least make the industry appear to be more
monolithic, since synfuels project managers will
command very large blocks of human and
material resources.

In domestic automating, ownership may be-
come more concentrated because at least two
out of the three major U.S. companies are being
forced, by lack of capital and perhaps by high
production costs, to curtail the number of differ-
ent vehicles made. Although foreign automakers
are increasing their U.S. manufacturing activities,
the growing dominance of one major U.S. auto-
maker over the other two may decrease price
competition in certain types of cars and possibly
reduce profitmaking opportunities for domestic
suppliers to auto manufacturing because of the
market leverage of the one dominant buyer.

WHAT DO INCENTIVES FOR INCREASED FUEL ECONOMY IMPLY
FOR THE EVOLUTION AND HEALTH OF THE U.S. AUTO INDUSTRY?

The auto industry began a process of structural
changes in the 1970’s which complicates evalua-
tion of how fuel economy policy might affect the
industry, auto manufacturing communities, and
the national economy. Regardless of fuel econ-
omy policy, the U.S. auto industry is undergoing
a long-term decline in terms of employment, the
number of domestic firms (including suppliers),
and the proportion of global auto production
sited in the United States. Recent consumer de-
mand for fuel economy and other auto character-
istics have supported these trends by motivating
costly product changes to meet competition from
foreign firms. Factors such as the relatively fast
sales growth in foreign auto markets and lower
costs of labor and capital abroad have induced
U.S. manufacturers to increase investments in for-
eign production activities.

Increases in demand and other pressure on
U.S. firms to raise fuel economy will reinforce and
perhaps accelerate current industry and market
trends. Although large spending needs will moti-
vate reductions in the number of independent
firms and, perhaps, the breadth of their opera-
tions, the size and financial health of the U.S. auto
industry in the future will depend, to a great
degree, on its ability to compete with foreign
firms–particularly in the small-car market. The
competitiveness of U.S. auto firms depends not
only on product designs and production facilities
but also on total manufacturing costs, which re-
flect labor costs and the efficiency of production,
organization, and management. Incentives for ac-
celerating fuel-efficiency increases will not only
directly affect the investment requirements, but
a combination of high perceived investment
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needs, possible rigidity in U.S. costs, and a slow-
growing competitive U.S. market may discourage
U.S. firms from investing in U.S. capacity.

There are some auto company activities that
should be relatively invulnerable to fuel econ-
omy-motivated market changes and should con-
tinue in the United States. These activities include
production of specialty cars and nonautomotive
projects such as defense contracting. U.S. auto
companies may continue to conduct some activ-
ities in the United States at historic or greater
levels, while they may reduce the levels of others
or eliminate them entirely.

A decline in U.S. auto production, especially
one that is not substantially offset by growth in
foreign-owned capacity in the United States,

poses a major policy dilemma. On the one hand,
the auto industry metamorphosis may result in
a more economically efficient domestic industry
that is more competitive with strong import com-
petition. On the other hand, the process of indus-
try change results in loss of jobs for current auto-
workers and loss of employment and business
activity for local economies, losses which are rela-
tively large and regionally concentrated in the
already economically depressed North-Central
region. These concerns can be dealt with through
industrial and economic development policies,
but it should be recognized that policy to accel-
erate fuel economy improvements may aggravate
them. In addition, many of these changes may
occur even in the absence of strong demand for
fuel efficiency, but possibly at a slower rate.

CAN WE HAVE A 75= MPG CAR?

There are no technological barriers to design-
ing and building a four-passenger automobile that
could achieve 75 mpg on the combined 55/45
percent highway/city EPA driving cycle. Such a
car would take at least 5 years to design and de-
velop and might be costly to manufacture, but
it is technically feasible. It should be noted, of
course, that the appearance of one or a few mod-
els that get 75 mpg would have littIe immediate
effect on fleet average fuel economy, or on the
Nation’s petroleum consumption.

High fuel economy entails tradeoffs and com-
promises that affect other features of vehicle
design–carrying capacity, performance, safety,
comfort, and related amenities. Technology is a
critical factor in managing these tradeoffs. Some
routes to improved passenger car fuel economy
also increase manufacturing costs (diesel engines,
more complicated transmissions, lightweight ma-
terials). Here again, better technology can help
to improve fuel economy at the least cost.

If a 75-mpg car can be made sufficiently attrac-
tive to consumers in terms of the other features
beyond fuel economy that affect purchasing deci-
sions—including price, but also the variety of less
tangible factors that contribute to perceived val-
ue—then automakers will build such cars, confi-

dent that they will find a market. The interplay
between consumer demand and automotive
technology will determine when 75-mpg cars will
appear. Consumer expectations concerning fuel
costs and the possibility of future shortages of fuel,
as well as their judgments of the practicality of
such cars, will be important factors affecting the
rate at which these cars would be introduced.

An automobile designed to achieve 75 mpg
might look much like a current subcompact—
e.g., a General Motors Chevette—but, as dis-
cussed in chapter 5, would be considerably differ-
ent under the skin. It would have to be lighter,
and might also be somewhat smaller—with a curb
weight of perhaps 1,600 lb as opposed to about
2,000 lb for the Chevette. The actual weight de-
pends not only on the size of the car, but also
on the materials from which it is made. By using
materials with high strength-to-weight ratios
wherever possible—or, where strength or stiffness
are not important, materials of low density—a
four-passenger car could weigh, in principle,
even less than the 1,600 lb suggested above.
Costs are the limiting factors in the use of such
materials—both the costs of the materials them-
selves and the costs of the required manufactur-
ing processes.
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Photo credit: Volkswagen of America

Artists drawing of the VW2000, a three-cylinder diesel test vehicle that has achieved over 60 mpg in
standard fuel-efficiency tests

The other essential element in a 75-mpg car is
an efficient powertrain. For a car weighing 1,600
lb or less, a relatively small diesel engine–one
with a displacement in the range of 0.9 to 1.3
liters–would suffice. The transmission could be
either a manual design or a considerably im-
proved automatic, perhaps a continuously vari-
able transmission.

To get 75 mpg would also require a great deal
of attention to the detailed design of many aspects
of the car—low aerodynamic drag, low rolling re-
sistance, use of microprocessor controls, minimal
accessories, and parasitic loads—with careful en-

gineering development throughout the vehicle
system. None of this depends on technological
breakthroughs.

Given equally good design practices, the result-
ing car would not be as safe as a larger vehicle.
Nor would it be luxurious. It might not have air
conditioning. It would probably not be able to
pull a camping trailer through the Rocky Moun-
tains. But it could get 75 mpg. When automobile
manufacturers—here, in Europe, and in Japan—
decide that American consumers want such a car,
they will build it.
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ARE SMALL CARS LESS SAFE THAN LARGE CARS?
One of the easiest ways to increase the fuel

economy of passenger cars is to make them light-
er. Although it is possible to make cars somewhat
lighter without making them smaller, in general
size and weight go together. Thus, cars with in-
creased fuel economy are typically smaller—a
downward trend in the size and weight of cars
sold in the U.S. market began in 1977 and will
continue through the 1980’s, although gradual-
ly leveling off.

Size is the more critical variable for safety, al-
though weight also affects the dynamics of colli-
sions. A great deal of improvement in the safety
of cars of all sizes is possible through improved
design–but given best practice design, a big car
will always be safer than a small car in a colli-
sion. As a result, making cars smaller to improve
fuel economy will, everything else being equal,
increase risks to drivers and passengers. Assum-
ing no change in the way the cars are driven,
there will be more injuries and fatalities than
would occur with bigger cars embodying equiva-
lent design practices and having identical acci-
dent avoidance capabilities.

Size affects safety because when an automobile
hits another object–whether another car, a truck,
or a roadside obstacle—the car itself slows, or is
decelerated (the “first collision”), and the occu-
pants must then be slowed with respect to the
vehicle (the “second collision”). To minimize the
chance of injury, the decelerations of the occu-
pants with respect to the passenger compartment
during the second collision must be minimized,
The occupants must also be protected against in-
trusion or penetration of the passenger compart-
ment from the outside. But controlling decelera-
tions during the second collision depends on the
deceleration of the entire vehicle during the first
collision. Given good design practices, the sever-
ity of both the first and the second collision can
be lowered, on the average, if the car is made
larger.

Ideally, the vehicle structure will deform in a
controlled manner around the passenger com-
partment during a collision, so that the average
deceleration of the passenger compartment in the

first collision will be low. The larger the car, the
more space the designer can utilize to manage
the deformations and decelerations—e.g., by
using a crushable front-end. In a small car, there
is less room for controlled deformation without
intruding on the passenger compartment. Within
the passenger compartment, more space means
more room to control the deceleration of the pas-
sengers—using belts, harnesses, padding, and
other measures—with less risk of hitting unyield-
ing portions of the vehicle structure. More room
also makes penetration or other breaches of the
integrity of the compartment less likely. One
pathway to increased fuel economy without sacri-
ficing collision protection is therefore to make
cars lighter by design changes and/or different
materials while preserving as much space as pos-
sible for managing the energies that must be dis-
sipated in the first and second collisions.

Because vehicle size and weight are not the
only significant factors in determining vehicle
safety, and because “all other things being equal”
does not apply in actual real-world situations, any
conclusion about the relative safety of large and
small cars should be tempered with the follow-
ing observations:

1.

2.

3.

The recent series of crash tests sponsored by
the National Highway Traffic Safety Adminis-
tration demonstrated that vehicles of approx-
imately equal size can offer remarkably dif-
ferent degrees of crash protection to their
occupants. In many cases, differences be-
tween cars of equal size overshadowed dif-
ferences between size classes in the kind of
accident tested (35-mph collision head-on
into a barrier).
Crash-avoidance capabilities of large and
small cars are unlikely to be the same, and
any differences must be factored into an
evaluation of relative safety. Unfortunately,
the effects of differences in such capabilities
are difficult to measure because they repre-
sent both physical differences in the vehicles
and driver responses to those differences.
Available traffic safety data and analysis is
often confusing and ambiguous on the sub-
ject of large car/small car safety differences.
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Although analyses of car-to-car crashes tend
to agree that occupants of large cars are at
a lesser risk than those of smaller cars, there
is no such firm agreement about the other
classes of accidents that account for three-
quarters of all passenger vehicle occupant
fatalities. A probable reason for the ambigu-
ity of results is the shortage of consistent, na-
tionwide data on accident incidence and de-

tails; only fatal accidents are widely re-
corded. Another reason is the multitude of
factors other than car size that might affect
injury and fatality rates. Important factors in-
clude differences (among different size
classes) in driver and occupant age distribu-
tion, general types of trips taken, average an-
nual mileage, vehicle age distribution, and
seatbelt usage.

HOW STRONG IS CURRENT DEMAND FOR
FUEL EFFICIENCY IN CARS?

An extremely important factor influencing fu- Table 17 presents a compari
ture new-car average fuel efficiency is the market
demand for this attribute, relative to the other
features the new-car buyer wants. Although it is,
at best, only an approximate measure of future
market behavior, examination of recent demand
patterns in the new-car market can provide some
insights about current demand for fuel efficien-
cy. I n particular, the importance of fuel efficien-
cy as compared with car size, price, and perform-
ance is examined for 1981 model gasoline-fueled
cars* sold through January 5, 1981.

son of the average
fuel efficiency of new gasoline-fueled 1981 model
cars sold through January 5, 1981, with the fuel
efficiency of the most efficient car in each of the
Environmental Protection Agency’s (EPA) nine
size classes. Also shown are the sales fractions
and the nationality of the manufacturer of the
most efficient vehicle, These data show that the
average fuel efficiency of new cars sold was 25
mpg, but if consumers had bought only the most
fuel-efficient car in each size class* (and manu-
facturers had been able to supply this demand),

*The results of the analysis would change somewhat if diesels
were included, primarily with respect to nationality of manufac- *lnterestingly, this would also have resulted in U.S. manufac-
turers because U.S. manufacturers did not offer diesels in several turers and captive imports capturing over 90 percent of sales, rather
size classes in 1981. U.S. manufacturers, however, are beginning than 74 percent of sales that they actually achieved in this period.
to offer diesels in most size categories; but the relevant data are If diesels are included, however, average fuel efficiency could have
not now available. In 1981, about 95 percent of the automobiles been slightly higher than 33 mpg, but less than 60 percent of the
sold were gasoline-powered. cars purchased would be domestically produced.

Table 17.—Comparison of Average and Highest Fuel Efficiency
for 1981 Model Gasoline-Fueied Cars in Each Size Class

Sales-weighted average
fuel efficiency of cars Fuel efficiency of most Nationality of

Sales fraction sold through Jan. 5, 1981 fuel-efficient model in manufacturer of most
EPA size class (percent) (mpg) size class (mpg) fuel-efficient model
Two-seater. . . . . . . . . . . . . 2 22 30 Italian
Minicompact . . . . . . . . . . . 3 34 45 Japanese
Subcompact . . . . . . . . . . . 30 28 42 United States

(Captive Import)
Compact . . . . . . . . . . . . . . 9 27 37 United States
Midsize . . . . . . . . . . . . . . . 37 23 31 United States
Large . . . . . . . . . . . . . . . . . 9 24 United States
Small wagon . . . . . . . . . . . 4 30 37 Japanese
Midsize wagon . . . . . . . . . 5 23 30 United States
Large wagon . . . . . . . . . . . 1 18 20 United States

Sales-weighted average 25 33
SOURCE: Data from J. A, Foster, J. D. Murrell, and S. L. Loos, US. Environmental Protection Agency, “Light  Duty Automotive Fuel Economy . . Trends Through 1981,”

SAE papar No. 810388, Februa~  1981.
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the average fuel efficiency would have been 33
mpg (a 33 percent increase). Because EPA’s size
classes are based on cars’ interior volume, it is
clear that demand for large interior volume in cars
is not currently preventing a significantly higher
average fuel efficiency in new cars than is actually
being purchased.

Similarly, a comparison of prices shows that the
most fuel-efficient 1981 model cars generally had
a base sticker price in the middle or lower half
of the price range of cars in each size classifica-
tion. * Thus, there is no evidence that price is con-
straining the purchase of fuel-efficient cars either.

A further comparison of the average and most
fuel-efficient cars in each size category shows that
the average cars are heavier and have more pow-
erful engines than the most fuel-efficient models.
However, OTA’s analysis indicates that the great-
er engine power found in the average car sold
is, to a large extent, needed simply because the
car is heavier.** There is no indication that the

“Sales-weighted average sticker prices for comparably equipped
cars are not currently available.

**For example, in subcompacts and midsized cars (accounting
together for 67 percent of sales), the average car weighed about
33 percent more and had about 50 percent larger engine displace-
ment (which is correlated to power) than the most fuel-efficient
car. A further comparison of specific fuel efficiency (ton miles per

most fuel-efficient car in most size categories per-
forms (e.g., accelerates) significantly worse than
the averge 1981 model car actually sold in that
category. Although there are exceptions to this
in certain size categories (e.g., two-seaters, large
cars, and possibly midsized station wagons), these
exceptions account for only about 10 to 15 per-
cent of total sales.

This analysis indicates that interior volume,
price, and performance cannot account for the
large difference between the fuel efficiency of
cars actually sold and what was available. As in’
the past, consumers consider features such as
style, quality, safety, ability to carry or haul heav-
ier loads, and energy-intensive accessories to be
of comparable importance to fuel economy. It
is probable, therefore, that new-car average fuel
efficiency could be significantly increased if con-
sumer demand for fuel economy were strength-
ened.

gallon, or the mpg of an equivalent car weighing 1 ton) shows that,
for midsized cars (37 percent of sales), the difference in fuel effi-
ciency between the average and the most fuel-efficient car can be
explained solely on the basis of weight. Thus, there is no indica-
tion that the average car has better performance characteristics (e.g.,
acceleration) than does the most fuel-efficient model. A similar com-
parison of subcompacts indicates that, if anything, one would ex-
pect the most fuel-efficient model to perform better than the
average.

WHAT ARE THE PROSPECTS FOR ELECTRIC VEHICLES?
EVs were among the first cars built, but they

had almost vanished from the marketplace by the
1920’s, primarily because they could not com-
pete with gasoline-powered vehicles in terms of
price and performance. Due to concern over
automobile emissions, the increasing price of oil
and recent oil supply disruptions, however, there
has been a renewed interest in this technology.
The advantages of EVs are that they derive their
energy from reliable supplies of electricity, which
can be produced from abundant domestic energy
sources, and they operate without exhaust emis-
sions. Their disadvantages are their high cost and
poor performance and the increased sulfur diox-
ide emissions that result from increased electric
generation.

From the consumer’s point of view, the prob-
lems with EVs are principally centered on bat-
tery technology. Current batteries are expensive
and heavy, relative to the energy they store; they
require several hours to recharge; and they must
be replaced approximately every 10,000 miles at
a cost of $1,500 to $3,000. The weight of batteries
limits vehicle range, * performance, and cargo-
and passenger-carrying capacity. Because of the
cost of batteries and electric controls, a new EV
is estimated to cost about $3,000 more than a
comparable gasoline-powered vehicle. And re-
placing batteries every 10,000 miles because of
limited life would add more than $().10/mile to

*Usually 100 miles or less between recharging.
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operating costs, which is equivalent to gasoline
costing more than $4 to $6/gal for a 40- to 60-mpg
car.

Future developments in battery technology
could improve the prospects for EVs, and several
approaches are being pursued. But the under-
standing of battery technology is not adequate
to predict if or when significant improvements
will occur.

If battery problems persist, sales of EVs could
be limited to a relatively few people and firms
that can afford to pay a premium to avoid trans-
portation problems that would arise if liquid fuel
supplies were disrupted. On the other hand, if
gasoline prices increase by more than a factor of
four or five or if gasoline and diesel fuel are ra-
tioned at levels too low to satisfy driving needs
even with the most fuel-efficient cars, then EVs
could be favored—provided electricity prices do
not also increase dramatically.

Prospects for EVs may also be influenced by
Government incentives based on national and
regional considerations. One such consideration
is the oil displacement potential of EVs. EVs are
most nearly a substitute for small cars, which are
likely to be relatively fuel efficient in the 1990’s;
but the limited range of current and near-term
EVs prevents them from being a substitute for all

of the yearly travel needs supplied by a small gas-
oline-driven car. As a result, oil displacement by
EVs is likely to be relatively small; probably no
more than 0.1 million barrels per day (MMB/D)
with a 10-percent market penetration, even as-
suming no oil consumption by those electric util-
ities supplying electricity to EVs.

At current levels of utility oil consumption,
however, the net oil displacement would be less
than 0.1 MMB/D (see ch. 5 for details). Future
reductions in utility oil consumption will improve
the oil displacement potential of EVs, while in-
creased fuel efficiency in petroleum-fueled cars
will reduce any advantage EVs might have in this
connection.

A final consideration is the reduced automotive
emissions and other environmental effects of EV
use. Because that use would be concentrated in
urban areas and the necessary increased electric
power generation would be well outside of these
areas, cities with oxidant problems that replace
large numbers of conventional vehicles with EVs
will significantly improve their air quality. This in-
centive could improve the prospects for EV sales
and use. Emissions and other impacts of increased
power generation may cancel some of this bene-
fit, but the positive urban effects are likely to be
considered the most important environmental at-
tributes of EVs.

IF A LARGE-SCALE SYNFUELS INDUSTRY IS BUILT . . . WILL
PUBLIC AND WORKER HEALTH AND SAFETY AS WELL AS THE

ENVIRONMENT BE ADEQUATELY PROTECTED?
It is virtually a truism that all systems designed environmental community has focused on the

to produce large amounts of energy will have the potential damaging effects, while the industry has
potential to adversely affect the environment and focused on the controls and environmental man-
human health and safety. It is equally true that, agement procedures available to them. Gaining
with few exceptions, it is technically feasible to a perspective on the correct balance between
reduce these effects to the point where they are these two points of view—on the likelihood that
generally considered an acceptable exchange for some of the potential damages will actually occur
the energy benefits that will be obtained. In cur- —is especially important in the case of synfuels
rent arguments concerning synthetic fuels devel- development because environmental dangers
opment, as with many other such arguments, the have become a genuine public concern.
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As shown in the evaluation of potential envi-
ronmental impacts in this report, many of the im-
portant impacts of a large synfuels industry will
be similar in kind to those of coal-fired electric
power generation. The magnitude of these im-
pacts (acid drainage and land subsidence from
coal mines, emissions of sulfur and nitrogen ox-
ides and particulate, effects of water use, popula-
tion increases, etc. ) is likely to be similar to and
in some cases less than the likely impacts of the
new, tightly controlled electric-generating capac-
ity projected to be installed in the same time
frame.

A second set of impacts–those associated with
the toxic materials present in the process and
waste streams of the plants and possibly in their
products—are not predictable at this time but are,
nevertheless, very worrisome. Factors that should
be useful in gaging the risk from these impacts
include the technical problems facing the design-
ers of environmental controls, the availability of
adequate regulations and regulatory agency re-
sources, past industry and Government behavior
in implementing environmental and safety con-
trols, and difficulties that might be encountered
in detecting adverse impacts and tracing them to
their sources. A brief discussion of these factors
follows:

1. Technical Problems.—Virtually all the con-
trols which are planned for synthetic fuels
plants are based on present engineering
practices in the petroleum refining, petro-
chemical, coal-tar processing and power
generation industries, and industry spokes-
men appear confident that they will work
satisfactorily. Problems may be encountered,
however, because of differences between
these industries and synfuels plants—the Iat-
ter have higher concentrations of toxic hy-
drocarbons and trace metals, higher pres-
sures, and more erosive process streams, in
particular, As yet, few effluent streams have
been sent through integrated control sys-
tems, so it has not yet been demonstrated
that the various control processes will work
satisfactorily in concert, Technical person-
nel at the Environmental Protection Agen-
cy (EPA) and the Department of Energy

2.

3.

(DOE) have expressed particular concerns
about control-system reliability.

Judging from these indications, it appears
possible that a considerable period of time–
possibly even a few years–will be necessary
to solve control problems in the first few
plants and get the environmental systems
working with adequate performance and
reliability. Delays are especially likely for
direct-liquefaction pIants, which have some
particularly difficult problems involving toxic
substances and erosive process streams.
These delays may be aggravated by a poten-
tial gap in control technology development.
Recent Federal policy has left the develop-
ment of environmental controls largely to in-
dustry. The major concern of the synfuels
industry, on the other hand, is to clean up
waste streams so that existing regulations
may be met. Less emphasis is placed on con-
trolling pollutants such as polynuclear aro-
matics that are not currently regulated. It ap-
pears certain that there will be considerable
pressure to regulate these and other pollut-
ants, but it is not certain that the industry
will be able to respond quickly to such regu-
lations.
Detecting and Tracing Impacts. —One of the
major potential dangers of synfuels plants
will be low-level emissions of toxic sub-
stances, especially through vapor leaks (pri-
mary danger to workers) or ground water
contamination from waste disposal (primary
danger to the public and the general envi-
ronment), Current ground water monitoring
probably is inadequate to provide a desirable
margin of safety, although presumably
knowledge of this danger will result in bet-
ter monitoring systems. A major problem
may be the long lag times associated with
detecting carcinogenic/mutagenic/teratogen-
ic damages—a major concern associated
with trace hydrocarbons produced under
the physical and chemical conditions pres-
ent in most synfuels reactors.
Regulation. –The regulatory climate facing
an emerging synfuels industry is mixed. On
the one hand, ambient standards for partic-
ulates, sulfur oxides, and other pollutants
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associated with conventional combustion
sources are in place and should offer ade-
quate protection to public health with re-
spect to this group of pollutants. A limited
number of other standards, including those
for drinking water protection, also are in
place. On the other hand, new source per-
formance standards–federally set emission
standards—have not been determined yet,
nor have national emission standards for
hazardous air pollutants been set for the vari-
ety of fugitive hydrocarbons or vaporized
trace elements that might escape from syn-
fuels plants. Likewise, although Occupation-
al Safety and Health Administration (OSHA)
exposure standards and workplace safety re-
quirements do apply to several chemicals
known or expected to occur in synfuels pro-
duction, the majority of such chemicals are
not regulated at this time.

These regulatory gaps are not surprising,
given the limited experience with synfuels
plants, and several of the standards–espe-
cially the emissions standards—probably
could not have been properly set at this stage
of industry development even had there
been intensive environmental research.
However, the difficulties in detecting im-
pacts described above, and some doubts as
to the availability of environmental research
resources at the Federal level, lead to con-
cern about the adequacy of future regula-
tion.

4. Past History. –Given both the potential for
environmental harm and the potential for
mitigating measures, the attitude and behav-
ior of both the industries that will build and
operate synfuels plants and the agencies that
will regulate them are critical determinants
of actual environmental risk. Consequent-
ly, an understanding of the past environmen-
tal record of these entities should be a useful
guide in gaging this risk. Unfortunately, there
is little in the way of comprehensive research
on this behavior. Even the compilation of
data on compliance with existing regulations
and incidence of deaths and injuries is quite
weak.

For example, to our knowledge EPA has
sponsored only one major evaluation of
compliance with emission regulations; this
recent study of nine States showed that 70
percent of all sources failed to comply fully
with those regulations. Also, Department of
Labor statistics on occupational hazards are
compiled in such a way as to overlook health
problems that cannot easily be attributed to
a specific cause—just the kinds of problems
of most concern to an evaluation of poten-
tial synfuels problems. Consequently, occu-
pational health and safety statistics that ap-
pear favorable to synfuels-related industries
are likely to be an inadequate guide to the
actual hazard potential.

Anecdotal evidence, although not an ade-
quate basis for evaluating risk, may be useful
as a warning signal of future causes of health
and safety problems. For example, recent
studies have demonstrated that protective
gloves used in the chemical industry fail to
protect workers from several hazardous, and
commonly encountered, chemicals. This
points to both an immediate technical prob-
lem and an institutional failure in the chem-
ical industry itself and its regulating agencies.
On the other hand, the tests, which were
sponsored by OSHA, also demonstrate the
ability of the regulatory agency to correct
past failures.

Another example of anecdotal evidence
that may indicate some future problems with
industry performance is that some develop-
ers have failed to incorporate separate and
measurable control systems in synfuels pilot
plants. For example, a direct-liquefaction
facility in Texas has its effluents mixed with
those of a neighboring refinery, rather than
having a separate control system whose ef-
fectiveness at treating synfuels wastes can be
tested and optimized. This might reflect in-
dustry’s lack of priority or, more likely, its
high level of confidence that no unusual
control problems will arise that cannot be
readily handled at the commercial stage.
There is considerable disagreement about
the validity of this confidence.
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Finally, there is ample evidence that the
chemical industry and its regulators have had
significant problems in dealing properly with
subtle, slow-acting chemical poisons. Chem-
icals that were unregulated or inadequately
regulated for long periods of time, and
whose subsequent regulation became ma-
jor sources of conflict between industry and
Government, include benzene, formalde-
hyde, vinyl chloride, tetraethyl lead, the
pesticide 2,4,5-T, and many others. In some
cases, controversy persists despite years or
even decades of research.

An implication of the above discussion is that
adequate environmental management of synfuels
is unlikely to occur automatically when develop-
ment begins in earnest. Although OTA believes
that the various waste streams can be adequate-
ly controlled, this is going to require a strong in-
dustry effort to determine the full range of poten-
tial environmental impacts associated with devel-

opment and to devise and implement measures
to mitigate or prevent the important impacts. At
present, however, there are indications that most
developers are interested primarily in meeting
current regulatory requirements, most of which
are limited in their coverage of potential impacts.
And completing the regulatory record, to provide
the incentive necessary to stimulate further envi-
ronmental efforts, is going to be a difficult and
time-consuming job, particularly if ongoing cut-
backs in Government research and regulatory
budgets are not accompanied by promised im-
provements in efficiency.

Finally, there are some remaining doubts about
the reliability of proposed control systems in
meeting current regulatory requirements. These
potential problem areas imply that congressional
oversight of an emerging synfuels industry will
need to be especially vigorous in its coverage of
environmental concerns.

WILL WATER SUPPLY CONSTRAIN SYNFUELS DEVELOPMENT?
In the aggregate, the water consumption re-

quirements for synfuels development are small.
Achieving a synfuels production capability of 2
million barrels per day oil equivalent would re-
quire on the order of 0.3 million acre-feet/year
or about 0.2 percent of estimated total current
national freshwater consumption, Nevertheless,
synfuels plants are individually large water con-
sumers. Depending on both the water supply
sources chosen for synfuels development and the
size and timing of water demands from other
users, synfuels development could create con-
flicts among users for increasingly scarce water
supplies or exacerbate conflicts in areas that are
already water-short.

The nature and extent of the impacts of syn-
fuels development on water availability are con-
troversial. The controversy arises in large part be-
cause of the many hydrologic as well as institu-
tional, legal, political, and economic uncertain-
ties and constraints which underlie the data, and
because of varying assumptions and assessment
methodologies used. The importance of the fac-

tors influencing water availability will vary in the
different river basins where the energy resources
are located.

In the major Eastern river basins where energy
resources are located (i.e., the Ohio, Tennessee,
and the Upper Mississippi), water should general-
ly be adequate on the mainstems and larger trib-
utaries, without new storage, to support likely
synfuels development. However, localized water
scarcity problems couId arise during the inevita-
ble dry periods or due to development on smaller
tributaries. The severity of these local problems
cannot be ascertained from existing data and they
have not yet been examined systematically. With
appropriate water planning and management, it
should be possible to reduce, if not eliminate, any
local problems that might arise.

Competition for water in the West already ex-
ists and is expected to intensify with or without
synfuels development. In the Missouri River
Basin, the magnitude of the institutional, legal,
and political uncertainties, together with the need
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for major new water storage projects to average-
out seasonal and yearly streamflow variations,
preclude an unqualified conclusion as to the
availability of water for synfuels development.
The major sources of these uncertainties, which
are difficult to quantify because of a lack of sup-
porting information, include Federal reserve wa-
ter rights (including Indian water rights claims),
provisions of existing compacts, and instream
flow reservations.

In the Upper Colorado River Basin, water could
be made available to support the level of synfuels

development expected over the next decade.
However, the institutional, political, and legal
uncertainties make it difficult to determine which
sources would be used and the actual amount
of water that would be made available from these
sources. The principal uncertainties concern the
use of Federal storage, the transfer of water rights,
provisions of existing compacts and treaties, and
Federal reserve rights. The range of uncertainty
surrounding the water availability to the entire
basin after 1990 is so broad that it tends to sub-
sume the amount of water that would be needed
for expanded synfuels development.

ARE SYNTHETIC FUELS COMPATIBLE WITH EXISTING END USES?

When introducing new fuels into the U.S. liq-
uid fuels system, it is important to determine the
compatibility of the new fuels with existing end
uses in order to determine what end-use changes,
if any, may be necessary. In this section the com-
patibility of various synfuels with transportation
end uses is briefly described.

Alcohols

Neither pure ethanol nor pure methanol can
be used in existing automobiles without modify-
ing the fuel delivery system, but cars using them
can be readily built and engines optimized for
pure alcohol use would probably be 10 to 20 per-
cent more efficient than their gasoline counter-
parts. New cars currently are being built to be
compatible with gasohol (1 O percent ethanol, 90
percent gasoline), so potential problems with this
blend are likely to disappear with time.8 Metha-
nol-gasoline blends have been tested with mixed
results. Principal problems include increased
evaporative emissions and phase separation of
the fuel in the presence of small amounts of
water. These problems can be reduced by blend-
ing t-butanol (another alcohol) with the methanol,
and such a blend is currently being tested.9 How-
ever, due to the corrosive effects of methanol on

afnergy  From Biological  Processes, Volume 11: Technical and fnvi-
ronmenta/ Ana/yses, OTA-E-1 28 (Washington, D. C.: U.S. Congress,
Office of Technology Assessment, September 1980).
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some plastics, rubbers, and metals in some vehi-
cles, it probably is preferable to use methanol in
its pure form in modified vehicles or to require
that components in new automobiles be compat-
ible with methanol blends.

Shale Oil

Shale oil has been successfully refined at the
pilot plant level to products that meet refinery
specifications for petroleum derived gasoline,
diesel fuel, and jet fuel.10 The properties of the
diesel and jet fuels are shown in tables 18 and
19, where they are compared with the petroleum
counterparts. Current indications are that the ma-
jor question with respect to compatibility of these
fuels with their end uses is what minimum level
of refining (and thus refining cost) will be needed
to satisfy the needs of end users.

Direct Coal Liquids

One of the direct coal liquids, SRC II, has also
been successfully refined to products that meet
refinery specifications for gasoline and jet fuel
(tables 18 and 19). (The cetane number of the
resultant “diesel fuel, ” however, is lower than
that normally required for petroleum diesel fuel.)
The gasoline, because of its aromatics content,

‘OR. A. Sullivan and H. A. Frumkin, “Refining and Upgrading of
Synfuels  From Coal and Oil Shales by Advanced Catalytic Proc-
esses, ” third interim report, prepared for DOE under contract No.
EF-76-C-01-2315,  Chevron Research Co., Apr. 30, 1980.
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Table 18.–Properties of Selected Jet Fuels Derived From Shale Oil and SRC-II

350° to 500° F 300° to 535° F
Typical petroleum hydrotreated hydrocracked 300° to 550° F or 250° to 570° F

(Jet A) shale oil shale oil hydrotreated SRC-11

Gravity, ‘API . . . . . . . . . . . . . . 37-51 42 47 33-36
Group type, LV%:

Paraffins. . . . . . . . . . . . . . . 35 55 3-4
Cycloparaffins. . . . . . . . . . . 45 40 93-81
Aromatics . . . . . . . . . . . . . . <20 20 5 4-15

Smoke points, mm. . . . . . . . . > 20 21 35 20-23
Freeze point, 0 F . . . . . . . . . . –40 –42 –65 –75 to –95
Nitrogen. . . . . . . . . . . . . . . . . (a) 2 0.1 0.1
ain addition, severe  stability requirements mean that heteroatom content  must be very low(usually the nitrogen content is less than 10 ppm for petroleum-derived

jet fuel). 

SOURCE: R. A. Sullivan and H. A. Frumkin, “Refining and Upgrading of SYnfuels From Coal and Oil Shales by Advanced Catalytic Processes,” third interim report,
prepared for DOE under contract No.  EF-76-C-01-2315, Chevron Research Co., Apr. 30, 19S0.

Table 19.–Propertles of Selected Diesal Fuels Derived From Shale Oil and SRC-II

350° to 600° F
350° to 650° F hydrotreated shale oil

Typical petroleum hydrotreated shale oil coker distillate 350° F+ hydrotreated SRC-II
Gravity, API . . . . > 3 0 38 41 29
Cetane No. . . . . . . > 4 0 46a 48 39
Pour point, 0 F. . . <+ 15 – 5 –20 –55
Group type, LV%:

P . . . . . . . . . . . . . 37 41 –4-7
N . . . . . . . . . . . . 44 41 70-93
A . . . . . . . . . . . . 19 18 2-23

Nitrogen, ppmb . . (b) 350 350 0.1-0.5
aEatlmated.
bHeterOatOrnS  rnwt  be removed to level required for stability (usually 600 Ppm N for petroleum).
SOURCE: R. A. Sulllvan  and H. A. Frumkln,  “Refining and Upgrading of Synfuels From Coal and 011 Shales by Advanced Catalytic Processes, ” third interim report,

prepared for DOE under contract No. EF-76-C-01-2315,  Chevron Research Co., Apr. 30, 1960.

would be used as an octane-enhancing blending
agent in conventional gasoline. Aromatics, such
as benzene and toluene, are currently used for
this purpose in gasoline. Again, a principal ques-
tion is what minimum level of refining will be
needed. other direct coal liquids probably are
similar to SRC Ii liquids.

Indirect Coal Liquids

Other than methanol, which was considered
above, the principal indirect coal liquids for
ground transportation are gasolines, although the
Fischer-Tropsch (FT) processes can be arranged
to produce a variety of distillate fuels, as well.
There are no indications that these gasolines
would not be compatible with the existing auto-
mobile fleet, either alone or in blends with con-
ventional gasoline.

Caveat

Despite the apparent compatibility of hydrocar-
bon synfuels with existing end uses, refinery spec-
ifications do not uniquely determine all of the
properties of the fuel. The tests used to character-
ize hydrocarbon fuels were designed for petro-
leum products and may be inadequate indicators
for the synfuels. Some potential problems with
the hydrocarbon synfuels that have been men-
tioned include:

● Lubrication. –Hydrotreating of synfuels is
necessary to meet refinery specifications.
However, the lubricating properties of the
synfuels drop with this hydrotreating. This
drop in lubricity could lead to possible prob-
lems with fuel-injection nozzles and other
moving parts that rely on the fuel for lubri-
cat ion.
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● Emissions. —The particulate and nitrogen ox-
ide emissions of synthetic diesel fuel could
be greater than those from an otherwise
comparable petroleum diesel fuel. Automo-
bile manufacturers are having difficulty meet-
ing emissions standards with conventional
diesel fuel, and there is some concern that
synfuels could aggravate these problems.

● Variability. —The direct liquefaction synfuels
from coal can vary in composition depend-
ing on the coal used.11 Consequently, al-
though the synfuel from one coal may be
compatible with an end use, the same proc-
ess might produce an incompatible synfuel
if another coal is used.

In principle, if the exact chemical composition
of synfuels were known, synfuels could be
blended from petrochemicals and tested exten-
sively for these potential problems before synfuels
plants were built. In practice, however, the chem-
ical compositions are so complex, varied, and
process-dependent that this option is probably
not practical.

The alternative is to wait until sufficient quan-
tities of synfuels are available and to conduct ex-
tensive field tests of synfuels processed in various
ways and from different coals. Until this is done,
statements about the compatibility of hydrocar-
bon synfuels with current end uses are somewhat
speculative.

 1 Ibid,


