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Legislation establishing Federal fuel economy 
standards for automobiles required the auto 
industry to produce new-car fleets that averag- 
ed 18 miles per gallon starting with model year 
1978, increasing to 27.5 miles per gallon by 
1985. Industry expects to spend about $70 
billion (in constant 1980 dollars) on buildings, 
property, equipment, and retooling over the 
next several years to produce new, small, fuel- 
efficient autos that will compete with foreign 
imports. Comparable expenditures for the 
pre-fuel economy period of 1970-74 were $35 
billion, and in the initial fuel economy period 
of 1975-79, they were $41 billion. The indus- 
try expects that it will attain fleet averages of 
about 31 miles per gallon by 1985. 

Market demand for more fuel-efficient cars 
coupled with foreign competition will prob- 
ably lead the auto industry to keep on pro- 
ducing fuel-efficient automobiles for the fu- 
ture. Although existing technologies can ap- 
proach a fleet average of 40 miles per gallon 
and beyond, the major uncertainty concern- 
ing the production of such automobiles ap- 
pears to be the risk of financing the large cap- 
ital investments needed. 
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COMPTROLLER GENERAL OF THE UNITED STATES 

WASHINGTON D.C. 2054S 

B-203958 

The Honorable John D. Dingell 
Chairman, Committee on Energy 

and Commerce 
House of Representatives 

Dear Mr. Chairman: 

At your request, we reviewed factors relating to fuel 
economy standards for automobiles administered by the Depart- 
ment of Transportation. This report discusses the progress and 
problems of the automobile industry in meeting the present fuel 
economy standards and provides information that may be helpful 
if the Congress considers establishing future fuel standards 
for the post-1985 period. 

As the committee requested, we did not obtain official 
comments from the Federal agencies discussed in the report. 
We did, however, discuss our findings with agency and industry 
officials at the conclusion of our field work, and their views 
have been incorporated in appropriate sections of the report. 

As arranged with your office, unless you publicly announce 
its contents earlier, we plan no further distribution of this 
report until 30 days from the date of the report. At that 
time we will send copies to interested parties and make copies 
available to others upon request. 

Sincerely yours, 

Comptroller General 
of the United States 
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COMPTROLLER GENERAL'S 
REPORT TO THE CHAIRMAN 
COMMITTEE ON ENERGY 
AND COMMERCE 
HOUSE OF REPRESENTATIVES 

PRODUCING MORE FUEL-EFFICIENT 
AUTOMOBILES: A COSTLY 
PROPOSITION 

DIGEST ------ 

In 1975 the Congress established the Federal 
fleet average fuel economy standards for auto- 
mobiles. Beginning with model year 1978, manu- 
facturers' new-car fleets were required to 
attain 18 miles per gallon (mpg), increasing 
to 27.5 mpg by 1985 and thereafter. (See p. 1.) 

The domestic automobile industry expects to 
spend over $70 billion (in constant 1980 dollars) 
through 1984 on buildings, property, equipment, 
and retooling to produce new, small, fuel- 
efficient autos that will compete with foreign 
imports. Comparable expeditures for the pre-fuel 
economy period of 1970-74 were $35 billion and in 
the initial fuel economy period of 1975-79, were 
$41 billion. The industry expects that it will 
attain fleet averages of about 31 mpg by 1985. 
(See p. 17.) 

Sagging revenues due to conditions such as high 
interest rates and foreign competition have cost 
the automobile industry over $4 billion in losses in 
1980. Although technology is available to achieve 
higher levels of fuel efficiency--approaching 40 mpg 
and beyond-- a major uncertainty is the risk of fi- 
nancing the large capital investments needed to 
achieve improved fuel economy of automobiles. 

This report was prepared in response to a request 
from the House Committee on Energy and Commerce, 
which asked GAO to (1) examine the background for 
the current fuel economy standards, (2) review 
pertinent studies that assess the potential for 
attaining further fuel economy improvements, and 
(3) obtain infarmation on the financial impact of 
the fuel economy standards on the automobile indus- 
try in meeting such standards. (See p. 4.) 

WHY THE FUEL ECONOMY STANDARDS 
WERE DEVELOPED 

The Federal fuel economy standards were established 
in response to fuel shortages and concern that the 
Nation's dependence on foreign oil posed a threat 
to national security and the economy. A major goal 
of the standards was to reduce U.S. gasoline con- 
sumption through the production and sale of more 
fuel-efficient automobiles. (See p. 1.) 
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The automobile accounts for about 30 percent 
of all petroleum consumption and is a major 
factor contributing to the Nation’s dependence 
on foreign 0i.l’~ (See p. 1.) 

IMPACT OF TRANSITION TO SMALL 
CARS ON AUTO INDUSTRY 

,/“‘After the fuel economy standards were estab- 
‘~“’ lished, the automobile industry expressed con- 

cern about having to produce cars that met 
the fuel standards within the specified time 
frames. Industry felt that it did not have 
enough time to redesign its equipment and 
plants to-..produce automobiles that met the fuel 
standards !~,,,#:” (See p. 9 . ) 

During the 1970’s, real gasoline prices rose 
substantially-- the 1972 average price of a gal- 
lon of gasoline was 70 cents in constant 1980 
dollars and $1.23 in ‘1980, an increase of 76 
percent. The average pump price was 35 cents 
per gallon in 1972 and $1.23 in 1980--a 250- 
percent increase. (See p. 12.) 

By 1979 Americans were purchasing imported, 
smaller, more fuel-efficient automobiles in 
record quantities as a result of gasoline short- 
ages and increasing prices. Americans chose 
imported small cars because domestic automobile 

‘manufacturers were not producing enough smaller, 
fuel-efficient cars and because the imports were 
perceived as being of ,better quality than the 
American automobiles.,,,,, (See p. 14.) 

: To compete with the imports and produce automo- Uh,,, 
biles that meet the fuel economy standards, the 
Nation’s automotive industry began pouring huge 
amounts of capital into redesigning its product 
line. The industry produced automobiles that 
met the initial fuel standards through 1981; it 
expects its products to exceed the 1985 Federal 
fuel economy standard of 27.5 mpg by about 3 
mpg. However ,I,,the $70 billion capital invest- 
ment scheduled through 1984 and sagging revenues 
due to high car prices and high interest rates 
have placed the auto industry in a weakened 
financial position for the next several years. 
(See pp. 16 to 18.) 

GAO’s cash-flow analysis of the two major auto 
producers, ,,.,based on projections, showed that 
they will most likely have negative cash flows 
of between $3.6 and $4.7 billion in 1981 and 
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$1.6 and $2.7 billion in 1982. The financial 
positions of these companies might improve in 
1983 and 1984, but that depends heavily upon 
increased sales. (See p. 19.) 

Several studies of potential fuel economy gains 
beyond 1985 present two scenarios: 

--A moderate improvement (35 to 40 mpg) by the 
early to mid-1990's. 

--A rapid improvement (over 40 mpg) by the 
1990's. 

The studies concluded that fuel economy gains 
will come primarily from more widespread use of 
the present technology--weight reduction, mate- 
rial substitution, smaller engines, and improved 
fuel systems. Generally, the studies concluded 
that technology was available to achieve higher 

.fuel economy in new vehicle fleets but questioned 
whether the industry could afford to make the 
high capital investments necessary to achieve 
fuel economy without financial risk. Estimates 
of the amount needed ranged from $10 billion to 
$150 billion, depending on how fast improvements 
are made and the mpg level sought. (See pp. 23 
to 26.) 

CONCLUSIONS 

The market demand for more fuel-efficient cars 
coupled with the competition from foreign imports 
will most likely motivate the domestic auto in- 
dustry to develop more fuel-effi,cient automobiles 
for the future. 

Although technologies are available to produce 
new-car fleets that approach or exceed a 40-mpg 
average, a major uncertainty is the risk of 
financing the large capital investments needed 
to produce such automobiles. (See p. 29.) 

AGENCY COMMENTS 

As requested by the House Committee on Energy 
and Commerce, GAO did not request official com- 
ments from the Federal agencies discussed in 
this report. 
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CHAPTER 1 ----- 

INTRODUCTION -------em f_ 

This report, requested by the House Committee on Energy 
and Commerce, discusses the transition that the auto industry 
is undergoing and the efforts being made to achieve greater 
fuel economy. 

During the 1970’s important changes took place in petroleum 
supplies and prices, both domestically and internationally. 
Previously there was an abundant supply of petroleum at reason- 
able prices for the domestic market. The Nation faced uncer- 
tain supplies of imported oil beginning with the oil embargo 
of 1973-74. Energy experts predict supply shortages and in- 
creased prices of petroleum through the end of the century. 
The oil embargo signaled a change in the Nation’s ability to 
control its own economic security and well-being. 

In ,response to the shortages of petroleum and concern that 
the Nation’s dependence on foreign oil posed a threat to the 
national security and economy, the Congress enacted the Energy 
Policy and Conservation Act of 1975 (15 U.S.C. 2002), a compre- 
hensive energy program designed to promote domestic energy pro- 
duction and restrain energy usage. The act authorized the es- 
tablishment and enforcement of fleet average fuel economy stand- 
ards for automobiles and light trucks. These standards are 
discussed in chapter 2 of this report. 

THE AUTOMOBILE’S USE OF PETROLEUM --- -- 

The automobile accounts for about 30 percent of the Na- 
tion’s petroleum consumption as of 1978 and is a major factor in 
the Nation’s dependence on foreign oil. Petroleum demands esca- 
lated throughout the 1960’s and most of the 1970’s, leading to 
greater dependence on foreign oil. In 1960 the United States 
consumed 3.59 billion barrels of petroleum and imported about 
20 percent of that amount. Petroleum consumption peaked at 6.88 
billion barrels in 1978. Consumption declined to 6.17 billion 
barrels in 1980, about 37 percent of which was foreign oil. The 
cost of foreign oil was about $80 billion in 1980. 

As shown in figure 1, the transportation sector consumed 
about 53 percent of all the petroleum used domestically in 1978. 
Figure 2 shows that the automobile accounted for nearly 75 per- 
cent of all gasoline consumed by highway vehicles. 
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1 FiGURE 

U.S. PETROLEUM CONSUMPTION BY SECTOR (1978) 

HIGHWAY GASOLINE CONSUMPTION BY VEHICLE TYPE (1978) 



One means of reducing automobile fuel consumption has been 
to improve the average fuel efficiency of new cars. The De- 
partment of Transportation (DOT) estimated that achieving the 
fuel economy standards for automobiles will save 357.6 million 
barrels of oil annually by 1985. This represents about 16 per- 
cent of the total amount of petroleum imported in 1980. Also, 
DOT estimated that as more of the fuel-efficient vehicles re- 
place older, less fuel-efficient vehicles on the highways, cu- 
mulative oil savings from cars and light trucks meeting these 
standards will amount to 15.7 billion barrels from 1978 to the 
year 2000 --nearly seven times the petroleum imported in 1980. 
Because automakers expect to exceed the fuel economy standards, 
DOT estimated an additional cumulative savings of 8.5 billion 
barrels of oil. 

DOMESTIC AUTO INDUSTRY --- ---.-- 

The domestic auto industry is an important part of the 
Nation's transportation system and economy. Auto travel accounts 
for about 83 percent of all intercity passenger-miles, and about 
95 percent of all travel within cities. Activities associated 
with automobile and truck production and services make up 8.5 
percent of the gross national product and more than 25 percent 
of all retail sales in the Nation. 

In addition, the auto industry directly or indirectly em- 
ploys about 20 percent of the total domestic work force. Auto 
production uses 60 percent of the Nation's synthetic rubber, 30 
percent of its ferrous castings, 21 percent of its steel produc- 
tion, and 20 percent of its machine tools. EJecause of its scale 
and reach, the auto industry has played a central role in ac- 
complishing some of the Nation’s broadest goals, such as work 
for Americans and national security, according to a DOT report 
entitled “The U.S. Automobile Industry 1980" dated January 1981. 

The following table presents dollar sales, net losses, and 
total assets for the five major auto producers in the United 
States: 
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Manufacturer 

Calendar year 1980 

Sales Net income Assets 
(loss) 

-----------(millions)----------- 

General Motors Corporation $57,729 $ -763 $34,581 

Ford Motor Company 37,086 -1,543 24,348 

Chrysler Corporation 9,225 -1,710 6,618 

American Motors Corporation 2,553 -198 1,029 

Volkswagen of America, Inc. 3,191 Not available 105 

The domestic auto producers have overseas operations and 
ties with foreign automobile companies. For instance, both the 
General Motors Corporation and the Ford Motor Company have Cana- 
dian and overseas plants and foreign sales operations. The fi- 
nancial data from these operations is included in the above 
table. In 1980 the French automaker Regie Nationale des Usines 
Renault became a 46-percent partner in the American Motors CorT 
poration. Volkswagen of America, Inc., is a subsidiary of the 
West German firm, Volkswagenwerk AG, which assembled its Rabbit 
models with less than 75 percent domestic materials in 1980. 
The Chrysler Corporation divested itself of most of its overseas 
operations at the end of 1979 but has continued certain Canadian 
operations and has an agreement to sell vehicles produced in 
Japan by Mitsubishi, Inc. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

We conducted this review in response to a request from 
the House Committee on Energy and Commerce. Our objectives 
were to: 

--Examine the background for the current fuel economy 
standards for vehicles. 

--Review various studies that project future technological 
potential for attaining further fuel economy improve- 
ments for vehicles. 

--Obtain information on the financial impact on the auto 
industry of producing fuel-efficient automobiles. 

We discussed the fuel economy standards with officials of 
the National Highway Traffic Safety Administration (NHTSA) and 
DOT; Environmental Protection Agency (EPA); and the Department 
of Energy (DOE) headquarters in Washington, D.C. 



We discussed the technology and economics of further fuel 
economy improvements with DOT’s Transportation Systems Center 
(TSC) staff in Cambridge, Massachusetts. TSC performs techno- 
logical and socioeconomic research involving the transportation 
sector for DOT. The TSC staff has a broad range of analytical 
skills, including engineering, scientific, socioeconomic, and 
other skills. 

Our review was directed to the fuel economy standards for 
automobiles because autos use the bulk of petroleum consumed in 
the transportation sector. We did not examine fuel economy 
standards for light trucks. We visited representatives of the 
two largest automobile manufacturers, the General Motors Cor- 
poration and the Ford Motor Company. We discussed product plans 
and capital investment schedules through 1985. These two com- 
panies were selected for analysis because their combined sales 
account for about 80 percent of the domestically produced cars 
sold in the United States in 1980. 

To% obtain some measure of the financial impact o-n the auto 
industry of switching to production of fuel-efficient automo- 
biles, we asked TSC for help in projecting cash-flow data for 
General Motors and Ford. TSC developed the cash-flow projec- 
tions by using a mathematical matrix. We did not verify all 
the operating and financial data furnished to us by TSC and 
used in our cash-flow projections of the automotive companies. 
But we did verify certain historical financial data with audited 
annual reports of the automotive companies. In addition, we 
spoke with the first vice president, Paine, Webber, Mitchell, 
Hutchins-- a leading brokerage firm that specializes in analyzing 
the automobile industry for investment purposes--to obtain the 
firm’s assessment of General Motors’ and Ford’s cash-flow situ- 
ation. 

We contracted with Chase Manhattan Bank’s Automotive Divi- 
sion of Philadelphia, Pennsylvania, to provide us with domestic 
car and truck sales forecasts used in the cash-flow projections. 
We did not verify the accuracy of these sales forecasts. The 
Chase Automotive Division is a leading private forecasting serv- 
ice for the automotive industry, and its staff is a multidisci- 
plinary team of experts with extensive background in energy, 
economics, engineering , consumer psychology, market research, 
statistics, operations research, and data base management. The 
Chase Automotive Division’s car market model is designed to 
simulate demand for new passenger cars within an econometric 
framework at the total industry level and by market class--size 
of car determined by wheelbase. Its model incorporates the 
effect of an array of demographic and energy factors; automobile 
characteristics; and economic variables relating to income, 
prices, cyclical variations, 
in consumption patterns. 

government regulations, and changes 

The cash-flow projections were developed for two sets of 
sales forecasts--scenario A, representing the most likely sales 
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forecast, and scenario B, representing a lower, or pessimistic, 
sales forecast. The cash-flow projections are discussed in 
chapter 3. The cash-flow analysis assumed that total sources 
of funds were derived for 1981 and 1982 based on the following 
factors: 

1. 

2. 

3. 

4. 

Domestic factory sales were obtained by allocating the 
gross domestic sales forecasts to the various domestic 
producers on the basis of their planned production 
capacities for the various car and truck segments--for 
example, subcompact, compact, intermediate--and by 
applying estimated weighted vehicle factory dealer 
prices. 

Foreign factory sales were based on projected trend 
sales and factory sales price estimates contained in 
TSC’s matrix. 

Net income was determined by subtracting variable 
and fixed-cost estimates from the gross sales figures 
and applying Federal, State, and local tax estimates, 

Total sources of cash were derived by adding back 
into net income the estimated amortization and depre- 
ciation writeoffs (noncash expenses charged to income). 
TSC calculated the amortization and depreciation expense 
estimates on the basis of historical capital investment 
trends and projected investment trends for calendar 
years 1981 and 1982. 

Application of funds or cash needs were based on the fol- 
lowing factors: 

1. Dividends paid out were estimated on the basis of 
historical payouts and potential reductions based on 
cash-f low problems. 

2. Capital expenditures were based on the domestic pro- 
ducers’ publicly announced capital investment plans. 

During our review work, we did not try to perform technical 
analyses of the existing technology for achieving more fuel- 
efficient automobiles in the future OK to estimate the costs 
and benefits of technological improvements. Instead, we relied 
on discussions with technical experts ins-de Government and in- 
dustry to make our judgments on the 4 usefu ness of the techniques 
and methodologies being used to assess the auto industry. Also, 
we used several studies which assessed the potential for achiev- 
ing more fuel-efficient automobiles in the future. (Represen- 
tatives of the Office of Technology Assessment and Congressional 
Budget Office indicated to us that these were the pertinent 
studies available which assessed fuel-efficient automobiles.) 
We did not assess the various methodologies used in the studies. 
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During the coordination phase of our work, the Office of 
Technology Assessment's liaison mentioned the report by the 
Energy Production Center of the Mellon Institute entitled "Main- 
taining Automotive Mobility: Using Fuel Economy and Synthetic 
Fuels to Compete with OPEC Oil," dated August 1980, and the 
Congressional Budget Office's liaison mentioned the Congres- 
sional Budget Office report entitled "Fuel Economy Standards 
for New Passenger Cars After 1985." GAO staff working on the 
Chrysler Corporation's Loan Guarantee Program in the Program 
Analysis Division mentioned the DOT reports on (1) "Long-Term 
'Viability of the Chrysler Corporation's Involvement in the Auto- 
motive Industry," dated January 1981, and (2) "The U.S. Automo- 
bile Industry, 1980," dated January 1981. 

Estimates of future fuel consumption were derived from 
mathematical models. Because of uncertainties about future eco- 
nomic conditions, three separate projections were made using 
various assumptions to compute annual mileage driven figures. 

1. Total annual mileage will grow at a compounded 3.5- 
. percent annual rate, the approximate rate that it has 

grown in the past. We consider this as a pessimistic 
case, or a poor prospect for fuel savings. 

2. Annual mileage will remain fixed at the 1978 level of 
1,190 billion miles. We consider this as the optimis- 
tic case for consumption since there is a good prospect 
for fuel savings. 

3. Annual mileage will depend on a number of factors; such 
as, the number of households, per capita disposable 
income, gasoline prices, passenger car fuel efficiency, 
and disruption in gasoline supplies. We refer to this 
as the base case. The results in this case closely 
parallel those in the optimistic case. 

To obtain estimates of annual mileage in our base case, we 
used historical data on the factors listed above and employed 
a statistical procedure called regression analysis to produce a 
formula for projecting annual mileage. To make these projec- 
tions it was necessary to obtain estimated values for the factors 
in the formula. Some of these values were obtained from Data 
Resources, Inc., a well-known econometric modeling firm. For 
example, Data Resources projects in its base case that oil prices 
will most likely increase by an average of 11.5 percent per year, 
resulting in a price of $8.60 per gallon in the year 2000, and 
that per capita income will be $47,000 compared with $9,000 in 
1981. Data Resources also assumes no future oil embargoes. 

After making these projections of the annual mileage, we 
computed total fuel consumption by dividing the miles driven by 
the fuel efficiency --miles per gallon (mpg) of each model of the 
passenger car fleet in each of the above years. In making these 



estimates, two factors are critical. The first is the ultimate 
mpg efficiency that is achievable for new passenger cars. We 
used four different figures as the ultimate mpg achievable-- 
3a, 40, 50, and 60 mpg. The second factor is the rate at which 
new cars are purchased and old cars retired. We assumed con- 
stant turnover of annual new car sales and retirement by age of 
model year. Thus the increase in mpg was assumed to be achiev- 
able in a gradual, or straight line, manner. For example, if 
the 1985 new cars were averaging 30 mpg and one wanted ultimately 
to achieve 50 mpg, we assumed a 40-mpg figure would be achieved 
in 1990 and a 50-mpg figure in 1995. 

As requested by the House Committee on Energy and Commerce, 
we did not request official comments from the Federal agencies 
discussed in this report. We did verify the factual information 
with officials of the General Motors Corporation and the Ford 
Motor Company and agencies included in our review. 



CHAPTER 2 

FEDERAL FUEL STANDARDS FOR AUTOMOBILES 

The 1973-74 Arab oil embargo demonstrated the consequences 
to the Nation's economy of depending on large quantities of 
imported petroleum. The oil embargo caused shortages of fuel, 
long gas lines, and higher fuel prices for many Americans. The 
shortages and higher prices of fuels sparked debate in the Con- 
gress on the need for automobile fuel economy standards. Be- 
cause of concern that growing dependence on imported petroleum 
posed a threat to the national security and economy, the Congress 
established fuel economy standards that new cars were required 
to meet beginning in 1978. 

The standards require automobile manufacturers to produce 
a fleet of cars that, overall, meet certain minimum mileage 
standards, as shown below. 

Model year 
Average fuel 

economy standard 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 and 

thereafter 

(in miles per gallon) 

18.0 
19.0 
20.0 

g22.0 
a/24.0 
t3/26.0 
a/27.0 

27.5 

g/Determined by Secretary of Transportation and published in 
42 Fed. Reg. 33534 (June 30, 1977). 

In addition, the Energy Policy and Conservation Act established 
goals for 1980- and 1985-model year cars that would improve mpg 
levels by nearly 50 percent and 100 percent, respectively, over 
the 1974 estimated average mpg for automobiles of 14 mpg. Man- 
ufacturers were required by the act to raise the average mpg of 
the vehicles they produced to the prescribed levels or pay a 
penalty for every car produced. 

MANUFACTURERS QUESTION FUEL ECONOMY 
STANDARDS AND TEST PROCEDURES 

Although domestic manufacturers agreed to the standards es- 
tablished by the Congress, they questioned (1) the interim, 
federally mandated fuel economy standards that covered the 
1981-84 period and (2) certain changes to the test procedures 
that the Federal Government used to determine whether vehicles 
met the fuel economy standards. 
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In 1978 General Motors Corporation and Ford Motor Company 
sought lower fuel economy standards for model years 1981-84. 
The manufacturers contended that in the short run--the late 
1970’s--they would use the most cost-effective methods for im- 
proving fuel economy that did not require extensive lead time to 
develop. The technologies needed to comply with standards for 
the mid-1980’s will be the more costly remaining methods and 
will take more lead time to develop. Also, they indicated that 
a reduction in the standards through model year 1984 would give 
them more time to develop new technology to meet the later 
standards and that the new technology would be more desirable 
to consumers. 

The auto manufacturers suggested that less stringent stand- 
ards for the 1981-84 period would permit a reduction in the 
capital investment and in new-car prices. They argued that a 
schedule of fuel standards that increased by 1.5 mpg annually 
from 1980 to 1984 would provide a net economic saving to new-car 
purchasers, compared with the 2-mpg increase in the current fuel 
economy standards for 1981, 1982, and 1983. This issue, seems to 
have evaporated when consumer preference switched to small, 
fuel-efficient cars near the end of 1979. At that time the 
domestic auto industry began to go all-out to meet the demand 
for fuel-efficient cars. 

Since 1976, EPA has developed fuel economy test procedures 
and regulations for the Federal Government’s mandatory fuel- 
economy labeling program and began testing automobiles for the 
labeling program. (Additional details on the EPA labeling pro- 
gram are contained in our report to the Chairman, House Com- 
mittee on Energy and Commerce, entitled “Consumers Need More 
Reliable Automobile Fuel Economy Data,” dated July 28, 1981 
(CED-81-133).) 

Beginning in January 1979, the auto manufacturers started 
complaining to EPA that certain changes to the test procedures 
yielded inaccurate information for calculating the corporate 
average fuel economy data. The manufacturers argued that the 
changes had cost them an average of 0.6 mpg in calculating their 
corporate average fuel economy data-- used to assess penalty pay- 
ments. Therefore, the manufacturers felt they were exposed to 
potential penalties for not meeting the fuel economy standards. 
They felt that EPA should add a correction factor to offset the 
shortfall of about 0.6 mpg. 

The most significant change EPA made to the fuel economy 
test procedures involved the weight levels for test cars. From 
1975 to 1979 EPA had simulated the weight of its test vehicles 
in increments of 250 pounds (for vehicles weighing 3,000 pounds 
or less) and 500 pounds (for vehicles weighing 3,000 to 5,500 
pounds). Beginning with the 1980 model year, EPA halved the 
we,ight increments to 125 and 250 pounds to prevent manufacturers 
from manipulating weight classes to their advantage. For ex- 
ample, if a test vehicle’s weight was set at 4,749 pounds, under 
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the earlier procedures the vehicle would have been tested at 
4,500 pounds-- the closest 500-pound increment. This would be 
a clear advantage because a difference of 100 pounds can mean a 
l- to 3-percent change in fuel economy. Under the 1980 change, 
the vehicle would be tested at 4,750 pounds--the closest 250- 
pound increment. This change results in a decrease in the fuel 
economy rating in those cases where a vehicle would otherwise 
have been tested at a lower weight increment, 

In July 1979 General Motors and Ford petitioned EPA on the 
fuel-testing procedure changes, arguing that they had caused 
their measured fuel economy averages to be 0.6 mpg lower than 
the averages potentially attainable under the earlier test pro- 
cedures. The EPA Administrator denied those petitions, and the 
case is being reviewed by the United States Court of Appeals 
for the Sixth Circuit as of September 1981. 

CONCLUSIONS ~-- 

The 1973-74 Arab oil embargo demonstrated the consequences 
to the Nation's economy of depending on large quantities of 
imported petroleum. The oil embargo caused shortages of fuel, 
long'gas lines, and higher fuel prices for many Americans. To 
deal with the petroleum problem, the Congress enacted legisla- 
tion aimed at reducing the Nation's dependence on imported petro- 
leum by establishing fuel economy standards for automobiles. 
The automobile manufacturers have met the Federal fuel economy 
standards and expect to produce automobiles which on an average 
fleet basis will exceed the 1985 27.5-mpg standard by about 3 
mpg. 
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CHAPTER 3 

PROGRESS AND PROBLEMS IN PRODUCING MORE .---- 

FUEL-EFFICIENT AUTOMOBILES ----- 

To compete with the foreign imports and produce automobiles 
that meet Federal fuel economy standards, the Nation's automotive 
industry began spending massive amounts of capital to redesign 
its product line. The auto industry has produced automobiles 
that meet the fuel economy standards through 1981. Furthermore, 
the industry expects to be able to produce some 10 million newly 
designed automobiles by 1984 that will on average exceed the 
present 27.5-mpg fuel standards, approaching the Sl-mpg level by 
1985. 

To produce higher mpg-rating cars, the auto industry ex- 
pects to make capital investments of about $70 billion during 
the next few years. However, the industry is also facing record 
negative cash flows. Sagging revenues due to the high price of 
cars and high interest rates have put the industry in a weakened 
financial position. 

Several studies have been made of potential fuel savings 
beyond 1985. Generally the studies agree that while technology 
exists to improve fuel economy beyond 1985 levels, the large 
capital investments required to do so would put the auto indus- 
try at financial risk. 

MARKET DEMAND INCREASED FOR MORE -- 
FUEL-EFFICIENT AUTOMOBILES 

During the 1970's, gasoline prices rose substantially, as 
shown in figure 3. 
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FIGURE 3 
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Although these figures accurately show the real increase 
in prices, it was the figure on the pump that the average con- 
sumer was concerned about. The average pump price of a gallon 
of gasoline was 35 cents in 1972 and $1.23 in 1980--a 250-percent 
increase. 
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FIGURE 4 

TAII SALES OF VEHICLES 
RETAIL GALES - MILLIONS 

LIGHT TRUCKS A Small Cars Include All Imports, Domestic Subcompacts, and Compacts. 
Large Cars Include Intermediate, Full Size and Luxury. 
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FIGURE 5 

PERCENTAGE OF NEW CAR SALES BY MARKET CLASS 
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The 1973-74 oil embargo marked the first major turning 
point in motor vehicle demand. Before that time, gasoline con- 
sumption in the United States was on a long-term growth trend, 
with large cars dominating domestic vehicle sales. As a result 
of the embargo and the resulting rapid increase in gasoline 
prices, large-car demand shifted from 61 percent of the market 
in 1972 to 47 percent in 1975, and demand for domestic small 
cars shifted upward from 23 percent to 35 percent, respectively. 
By 1980, domestic large cars and small cars each represented 
about 37 percent of the new-car market sales. Figures 4 and 5 
show the retail sales of vehicles and percentage of new-car 
sales by market class. 

Industry had some difficulty gearinq 
production to consumers' shifting demands 

The increased demand for small cars had serious implica- 
tions for the domestic automakers. The Secretary of Transpor- 
tation concluded in a report to the Congress entitled "Long 
Term Viability of the Chrysler Corporation's Involvement in the 
Automotive Industry," dated January 1981, that: 

"* * * [The 19731 demand shift left the domestic 
auto makers in a difficult situation, as they had 
just completed a model year introduction which 
was based on a different mix. The output of small 
cars had been increased in the Fall of 1973, but 
not nearly enough to anticipate the sudden shock 
of the mix shift. In response to this shift, the 
auto makers performed a rapid second model year 
changeover during the winter months. Larger car 
plants were shut down in the middle of the model 
year and converted to produce a greater proportion 
of smaller cars." 

By mid-1974, however, fuel prices somewhat stabilized and 
buyers returned to purchasing larger, less fuel-efficient ve- 
hicles. With demand now geared toward not only the larger cars 
but also light trucks, the industry found itself with large in- 
ventories of small cars and was forced to initiate rebate and 
discount programs aimed at clearing up the backlogs. 

In 1979, as a result of disruptions in the Iranian oil ex- 
ports and the increase in gasoline prices, the auto consumer 
changed once again in favor of more fuel-efficient cars. A re- 
port by the Subcommittee on Trade, House Committee on Ways and 
Means, entitled "Auto Situations: 1980," dated June 6, 1980, 
indicated that another reason that Americans selected imported 
autos was the quality issue, both perceived and real. The im- 
plications of this sudden shift were pointed out by DOT's report 
entitled "Long Term Viability of the Chrysler Corporation": 
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"These conditions prompted an even more radical 
shift in vehicle mix demand than that produced in 
1973, and the carmakers' trend line projection of 
product changes was totally outdated within sev- 
eral months. The light truck market, previously 
so strong, dropped from an annualized rate of about 
2.5 million vehicles in late 1978 to about 1.6 
million vehicles in mid-1979. Import inventory 
surpluses were cleaned out within three months, 
and long lines of orders piled up at dealers." 

* * * * * 

"Price conditions on small and large cars reversed 
dramatically, with many consumers suddenly willing 
to pay price premiums on the most desired small 
cars. Margins on larger cars dropped precipi- 
tously as the makers had to discount heavily to 
clean inventories built up during the spring 
of 1979." 

The demand for fuel economy has continued as evidenced by 
the small-car share of the domestic market. Total small-car 
sales rose from 56 percent of the total domestic market in 
1979 to 63 percent in 1980. 

The trend toward increased small-car purchases is likely 
to continue if the real price of gasoline continues to rise. 
Many energy experts have projected that gasoline costs will 
increase in the future. The market share of small cars could 
rise to 71 percent by 1995 due to future increases in gasoline 
prices according to a report by the Congressional Budget Office 
entitled "Fuel Economy Standards for New Passenger Cars 
After 1985." 

Imports of foreiqn automobiles increased 

When Americans demanded smaller, more fuel-efficient cars 
in the 1.970's, Japanese auto manufacturers were ready to fill 
part of that need because they had been producing that type of 
car for many years. The market share of Japanese imports in- 
creased, while the domestic large-car share dropped. In 1980 
about 8.9 million automobiles were sold in the United States. 
Of this amount, about 6.6 million were domestic cars and 2.3 
million were imported. The Japanese supplied 1.9 million, or 
82 percent, of all imported cars. 

Because the domestic auto industr'y was plagued with high 
unemployment and plant closings, political pressure began to 
mount for restrictions on imported automobiles. In addition, 
the United States Trade Representative (the office responsible 
for setting and administering overall trade policy and headed 
by'an official who is directly responsible to the President) 
met with the Japanese Government to seek lower auto exports to 
the United States. In May 1981, the Japanese Government 
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announced that it was taking temporary measures to limit its auto 
exports to the United States to 1.68 million units for the 1981 
model year. Also, it agreed to monitor the market during 1982 
and 1983 and make similar adjustments if necessary. Some domestic 
auto manufacturers felt that this action was a positive step to 
assist their troubled industry; however, union representatives 
felt that more restrictive limits should have been imposed. 

FINANCIAL IMPACT OF TRANSITION TO 
PRODUCING FUEL-EFFICIENT AUTOMOBILES 

To compete with foreign auto manufacturers and produce 
automobiles that meet the fuel economy standards, U.S. auto 
manufacturers will have to make huge capital investments. The 
manufacturers must make these investments despite their record 
losses, estimated to total more than $4 billion in 1980. The 
extensive retooling of production facilities needed to build the 
new, smaller, fuel-efficient cars will cost domestic manufactur- 
ers unprecedented amounts of capital over the next few years. 

General Motors Corporation, in its 1980 annual report, 
announced worldwide investment needs of $40 billion over the 
1980-84 period, or an average of $8 billion annually. This 
compares with capital investments of $22 billion (constant 1980 
dollars) during the period 1975-79 when initial efforts were 
begun to seek fuel-efficient automobiles and $10 billion (con- 
stant 1980 dollars) during the period 1970-74 before the fuel 
economy standards were in effect. Ford Motor Company's world- 
wide investment schedule for the same period assumes spending of 
about $19 billion. This compares with capital investments of 
$13 billion (constant 1980 dollars) during the period 1975-79 
and $10.7 billion during the 1970-74 period. 

DOT's report entitled "The U.S. Automobile Industry, 1980," 
dated January 1981, indicated that in order to overcome the com- 
parative disadvantages and compete successfully in the new in- 
ternational market, the domestic automakers face some major cap- 
ital expenditures to retool their production facilities. DOT 
estimated that the industry will spend some $70 billion over the 
next 5 years to produce the small, fuel-efficient automobiles 
in spite of record losses in excess of $4 billion for 1980. The 
proposed capital investments are substantially greater in compari- 
son with the pre-fuel economy period of 1970-74, when the indus- 
try spent about $35 billion, and the initial fuel economy phase of 
1975-79, when about $41 billion was spent. All the above figures 
are expressed in 1980 constant dollars. The DOT report concluded 
that these factors left the major auto manufacturers facing record 
negative cash flows. 

According to the same DOT study, the auto industry expects 
to be able to produce some 10 million newly designed automobiles 
by 1984 that exceed the present 27.5-mpg fuel standards, approach- 
ing 31 mpg by 1985. 



The following table compares capital spending by the General 
Motors Corporation and the Ford Motor Company for the period 
1970-84. 

Capital Spending for Property, Plant, 
Equipment, and Tooling 

1970-74 1975-79 1980-84 

-------------(billions)---------------- 

General Motors 
Corporation: 

Actual $10.425 $18.142 
Constant 

1980 
dollars 18.195 22.158 $40.0 

Ford Motor 
Company: 

Actual 
Constant 

1980 
dollars 

6.179 10.756 

10.730 13.031 18.8 

Depressed sales and revenues 

While capital needs are escalating, the revenues needed to 
finance them have plummeted. In 1980 domestic automakers re- 
ported the worst losses in their history. General Motors re- 
ported a loss of $763 million and Ford reported a loss of $1.5 
billion. 

A number of factors are contributing to these depressed 
revenues. Domestic sales have been aggravated by (1) the shift 
in consumer demand from large to small cars, (2) increased im- 
ports (primarily Japanese), and (3) rising new-car prices and 
interest rates. In 1980 the average new-car selling price was 
$7,340 and the average interest rate for a 36-month loan was 
about 14.6 percent. As of October 1981, the sales price of many 
new full-size automobiles exceeded $10,000. This "sticker shock" 
has caused many people to put off buying a car unless they really 
need one. 



Cash-flow problems 

The combination of unprecedented capital investment 
requirements and record low sales and losses is resulting in 
negative cash-flow problems for the General Motors Corporation 
and the Ford Motor Company. Historically the auto industry has 
financed most of its capital investment requirements--new plant, 
equipment, and tooling --with internally generated cash flows-- 
essentially net cash inflows from operations. Investment spend- 
ing in excess of internally generated sources of funds from oper- 
ations results in negative cash flow and if significant could 
force the companies to seek external funding--debt and/or equity. 
Even with extensive borrowing, the cash-flow pressures being 
exerted on these companies, especially Ford, will force them to 
cut costs through a combination of using foreign sources more 
and/or cutting or postponing new product plans. 

To measure the impact on the auto industry of needing to 
invest capital at a time of depressed sales revenues, we per- 
formed a cash-flow analysis of the two major domestic companies, 
the General Motors Corporation and the Ford Motor Company. For 
the purpose of our analysis, "negative cash flow" is defined as 
the excess of disbursements over receipts (excluding the proceeds 
received from long-term financing). General Motors had-a nega- 
tive cash flow in 1979, before financing, of about $800 million; 
in 1980 the amount increased to about $5.2 billion. As a re- 
sult of this cash drain, General Motors borrowed $1.3 billion in 
long-term debt in 1980. Similarly, Ford experienced negative 
cash flows in 1979 and 1980 totaling about $3.7 billion. As a 
result, the company's total debt (long- and short-term) increased 
by almost $2 billion in 1980. 

Our cash-flow projections for General Motors and Ford for 
1981 and 1982 indicate that the companies will continue to face 
cash-flow problems at least through 1982. These projections 
were computed by DOT's Transportation Systems Center using a 
mathematical matrix, and they used two sets of sales forecast 
data provided by Chase Manhattan Bank's Automotive Division. 
Scenario A represents cash-flow projections based on the most 
likely sales forecast. Scenario B uses a lower, or pessimistic, 
sales forecast in determining cash-flow projections. 
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General Motors Corporation -- 

Cash-Flow Proif,tctions (worldwide) -------_ ------_- 

Sources: 
Net cash inflow from operations 

excluding: 
1) Amounts received as proceeds 

from long-term debt or equity 
transactions 

2) Amounts paid on capital assets 
acquired (principal payment on 
long-term debt and downpayments) 

Application: 
Dividends paid 
Amount paid on capital assets acquired 

Total application 

Cash flow (negative) 

Cumulative cash flow 

Scenario A Scenario B __------ -__----_-__ 
1981 1982 --- --- 1281 292 

-----------(millions)---------- 

$6,446, $8,586 $5,712 $7,677 

860 1,500 860 1,500 
I- 8 000 8,300 8,000 8,300 

$8,860 $9,800 $8,860 $9,800 

-$2,414 -$1,214 -$3,148 -$2,123 

-$3,628 -$5,271 

Ford Motor Company 

Cash-Flow Prokction (Worldwide) --- --- 

Scenario A ----- 
I.981 1982 -- 

Scenario B ------- 
1981 1982 --- 

------------(millions)---------- 

Sources: 
Net cash inflow from operations 

excluding: 
1) Amounts received as proceeds 

from long-term debt or equity 
transact ions 

$2,661 , $3,944 $2,328 $3,656 

2) Amounts paid on capital assets 
acquired (principal payment on 
long-term debt and downpayments) 

Application: 
Dividends paid 
Amount paid on capital assets acquired 

Total application 

140 200 140 200 
-A....--...- 3 750 4,100 3,750 4,100 

$3,890 $4,300 $3,890 $4,300 

Cash flow (negative) -$1,229 -$ 356 -$1,562 -$ 644 

Cumulative cash flow -$1,585 -$2,206 



In interpreting these cash-flow projections, the negative 
figures represent an estimate of the aggregate financial pres- 
sures on the companies based on the projected cash flows from 
operations and planned capital spending requirements. Al though 
the companies may have to borrow funds to support the projected 
capital expenditures, it should not be assumed that they will 
automatically incur additional debt to make up the shortfalls 
indicated by these projections. Rather, they might take actions 
which avoid increasing their long- and short-term debt indicated 
by our projections. Moreover, we recognize that our projections 
are not precise measurements of either companies’ actual cash- 
flow position. Our work was aimed at providing some reasonable 
framework for measuring the direction of cash flow of the two 
auto companies during the present transition to producing 
smaller and more fuel-efficient cars. 

In essence, the auto companies face the challenge of seek- 
ing to balance (1) the large amount of borrowing needed to pro- 
duce new fuel-efficient vehicles plus the financial burdens that 
borrowing adds to the companies’ cost structures with (2) the 
profit potential of the new vehicles. 

‘The auto companies have several alternatives available to 
reduce the cash-flow problems indicated by our projections. 
Among these are: 

--Deferring projects, thus reducing investment--tooling, 
machinery, new plants-- as well as other project costs-- 
preproduction engineering and launch costs. 

--Changing historical “make or buy” decisions to purchase 
components from outside sources, thus reducing capital 
spending for plant and equipment. 

--Supplying the North American market with vehicles or 
components already produced by foreign subsidiaries, 
which would reduce capital spending in domestic plants. 

--Reducing fixed costs by staff layoffs and other cost- 
cutting measures, such as phone bills, office supplies, 
consultant services, and computer use. 

As we have said, the automotive companies have various 
strategies for altering the cash-flow projection that we com- 
puted. For instance, in the fall of 1981, Ford announced that 
it had reduced its capital investment spending to about $2.5 
billion compared with our estimate of $3.7 billion for 1981. 
Also, Ford’s reported loss of $334.5 million through the third 
quarter of 1981 indicates that the annual rate of income may be 
lower than our projection of income for the year. 

Although the auto companies are under pressure to decrease 
expenditures to reduce the amount of debt they undertake, re- 
duced investments will delay/delivery of the new products needed 
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to meet the demand for smaller, more fuel-efficient cars. Thus, 
their borrowing needs will probably be extensive. Long-term 
debt as a percentage of total capital increased for both General 
Motors and Ford in 1980. 

Lonq-Term Debt as a Percentage ----....-- 
of Total C@ital- ---- ---_I 

1979 1980 -- 

(percent) 

General Motors Corporation 4 10 

Ford Motor Company 11 19 

Given the cash-flow pressures indicated by our projections 
for 1981 and 1982, General Motors and Ford will probably have to 
continue borrowing funds to finance the new front-wheel drive, 
fuel-efficient cars presently in demand. 

The financial positions of these companies might improve 
in 1983 and 1984. Improvement will depend on improved sales 
performance, both foreign and domestic. On the other hand, a 
sales slump of any duration during that period would result in 
cash positions deteriorating rapidly from the already weakened 
positions indicated by our 1981 and 1982 cash-flow projections. 

The domestic automobile industry’s cash-flow problems have 
also been noted by DOT in its report entitled “The Automobile 
Industry, 1980. ” The report concluded that: 

“In financial terms, barring surprisingly positive 
economic conditions over the next few years, the 
domestic companies will not very likely be able to 
sustain in the later part of the decade an invest- 
ment program approaching the magnitude of the current 
one. Even under optimistic projections, the domestic 
companies in 198’5 will still be recovering from the 
current problems and will very likely be in a rela- 
tively weak financial position, compared to the last 
several decades. Each company will still be retiring 
debt and other financial obligations incurred over 
the early part of the decade and will still require 
a number of years of positive cash generation to 
fully reach historical norms.‘. 

STUDIES TO ASSESS FUTURE FUEL ECONOMY ---___- ------ 

Several studies have been made of potential fuel economy 
gains beyond 1985. These studies generally agree that technol- 
ogy exists to improve fuel economy on a fleet basis beyond 1985 
levels. However, the studies point out that improving the fuel 
economy during the post-1985 period would require large capital 
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investments which could expose the auto industry to financial 
risks. The various studies made post-1985 fuel economy projec- 
tions that we categorized into two scenarios: 

--A moderate improvement (35- to 40-mpg range) by the 
early to mid-1990's. 

--A rapid improvement (over 40 mpg) by the 1990's. 

The moderate gain scenario assumes that although the pres- 
ent fleet mix--full-size, intermediate, compact, and subcom- 
pact-- will continue to shift toward compact and subcompact, the 
full-size and intermediate cars, although smaller than today's 
models, will still be in demand. Most of the fuel economy gains 
will come primarily from extending existing technology involving 
weight reduction through downsizing and material substitution, 
smaller turbo-charged gasoline and diesel engines, improved 
aerodynamics, and electronic fuel systems. (A brief discussion 
of each of these technologies is contained in app. I.) 

The rapid gain scenario calls for a dramatic shift in new- 
car demand with small, lighter weight vehicles and two-passenger 
commuter vehicles dominating the new-car fleet. Large cars 
would be available but in far fewer numbers. In this scenario 
the same technologies used in the moderate scenario would be 
employed but at an accelerated pace. 

From the standpoint of financial risk, the moderate approach 
would allow domestic auto companies to return to more normal 
capital spending levels compared to the large investment levels 
in the 1980-84 period. The rapid scenario, however, would re- 
quire a continued high rate of capital spending which the domes- 
tic companies may not be able to afford. 

The basic differences between the two scenarios deal with 
the level of technology use, the amount of change in the fleet 
mix to more fuel-efficient cars, the level of capital investment 
required (financial risk), and the time (years) required to make 
the changes. 

Moderate improvement scenario -- --- 

Three studies highlighted under the moderate scenario proj- 
ect that the passenger-car fleet will achieve a fuel economy 
average in the 35- to 40-mpg range by the early to mid-1990's. 
Announced manufacturers' product plans by 1985 call for a 
continuation of a variety of models offered in 4-, 5-, and 6- 
passenger cars. Assuming manufacturers' projections of around 
30 mpg are achieved by 1985, average increases under this sce- 
nario will be one-half to 1 mpg annually thereafter. Increases 
in fuel efficiency will primarily come via improvements in 
engines and transmissions and in lightweight material substitu- 
tion. The studies concluded that these improvements can be made 
with a return to normal capital spending levels, which the auto 
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companies would need to regain their financial health. The 
three studies are discussed below. 

A CBO study entitled "Fuel Economy Standards for New 
Passenger Cars After 1985," dated December 1980, indicated that 
increased use of the current technologies could raise the new- 
car fuel economy fleet average to the 35- and 40-mpg range by 
1995. An increased market shift to small cars could raise the 
average to 42 mpg by 1995 but is contingent upon the price of 
gasoline. CBO believes as the price of gasoline nears $2 per 
gallon, the market shift to smaller cars will help achieve the 
42-mpg average. To reach a 40-mpg fleet by 1995, CBO estimated 
that the industry would need to invest $8 billion annually. 
Also, CBO estimated that about $7 billion of these investments 
reflect the industry's ongoing annual investment for normal, or 
business-as-usual, capital replacement requirements. Thus, it 
would cost industry about $10 billion to achieve improved fuel 
mileage through 1995. 

DOT's report on "The Long Term.Viability of the Chrysler 
Corporation's Involvement in the Automotive Industry," dated 
January 1981, concluded that the 1990 car fleet will probably 
have a fuel economy of 30 to 35 mpg with few sacrifices in per- 
formance or utility. The cars will have front-wheel drive and 
4-cylinder engines. The variety of models offered of 4-, 5-, 
and 6-passenger cars will not be much different from that pro- 

jected by the automakers for 1985. DOT concluded the domestic 
automakers could attain this improvement while returning to his- 
toric capital spending levels and thus give themselves time to 
recover from the high debt incurred during the 1980-84 period. 

Similar projections were described by the Energy Produc- 
tivity Center of the Mellon Institute in a report entitled "Main- 
taining Automotive Mobility: Using Fuel Economy and Synthetic 
Fuels to Compete with OPEC Oil," dated August 1980. The KepOKt 

indicated that by increasing implementation of known technology 
without altering the product line from the automakers' 1985 
plans, fuel economy averages should be 38 mpg in 1990 and about 
41 mpg in 1995. The report estimated that domestic manufactur- 
ers' capital spending will average $6 billion annually through 
1990, taper off for a few years, and then increase in the mid- 
1990's for the introduction of advanced engines and alternate 
materials. 

sid improveme.nt .scenario 

The rapid improvement scenario calls for fuel economy above 
40 mpg in passenger cars by the early 1990's. The studies re- 
viewed concluded that to exceed the 40-mpg level is technolog- 
ically feasible, as a few of today’s models are rated over 43 
mpg. However, a fleet of vehicles averaging over 40 mpg would 
require a significant increase in the number of 2- and 4- pas- 
senger cars compared with the mix projected for the moderate 
improvement scenario. An improvement of 2 mpg or higher 
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annually would require sacrifices in vehicle acceleration and 
more use of 2- .and 3-cylinder engines, electric cars, and an 
increased use of lighter weight materials. 

The CBO report entitled “Fuel Economy Standards for New 
Passenger Cars After 1985” stated that its moderate scenario-- 
attaining a 40-mpg fleet average by 1995--can be accelerated 5 
years to 1990. The accelerated pace, however, would require a 
continued high rate of capital investment--about $12.5 billion 
annually as opposed to $8 billion under the moderate scenario. 
The report recognized that a continued high capital investment 
level could expose the industry to significant financial pres- 
sure and risk. Although questioning whether the companies can 
sustain these levels of capital spending, the report stated 
that it may be necessary if they are to remain competitive. 

An alternate scenario developed by DOT in its report en- 
titled “The Long Term Viability of the Chrysler Corporation’s 
Involvement in the Automotive Industry,” dated January 1981, 
projected that fuel economy could average between 40 and 50 mpg 
in the early 1990’s. The report noted that this level would, 
however, unveil a fleet significantly different than today’s. 
For example, such a car fleet would average 1,825 pounds, have 
front-wheel drive with 75 percent powered by conventional spark 
ignition and 25 percent by diesel engines of four or less cylin- 
ders, and be capable of carrying four passengers. Projected 
capital spending to attain such a fleet would be about $100 bil- 
lion. Although a 40- to 50-mpg fleet is technologically fea- 
sible, DOT concluded that the massive investment required may 
be beyond the domestic companies’ financial ability. 

The Director of the Emission Control Technology Division, 
EPA, testified before the Senate Committee on Energy and Natural 
Resources in April 1980, on his own behalf, on the potential for 
improved automobile fuel economy between 1985-95. He indicated 
that by varying the technology and mix of vehicles, the fleet 
average fuel economy could range from 75 mpg all the way to 122 
mpg, with 84 mpg as the optimum from a cost and acceptance 
standpoint. These vehicles would be radically different from 
today t s. For example, engines would be available in two, three, 
and four cylinders but with greatly reduced horsepower, in the 
range of 18 to 45 horsepower. Also, he stated that capital cost 
to build such a fleet of vehicles could exceed $150 billion. 
Further , he stated that the availability of capital to the 
domestic industry would be a problem and suggested that the 
Federal Government must provide some means of financial assist- 
ante. 

Fuel consumption estimates 
and potential for fuel savings 

In the short run (1981-90) the United States will probably 
experience a decline in automobile fuel consumption. In the 
long run the projections become more uncertain, but that is the 
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period during which alternative fuels are expected to become 
available for mass consumption. 

Each increase in the automobile fuel economy level will 
result in additional fuel savings, assuming constant miles 
driven. However, due to the principle of diminishing returns, 
each incremental increase in mpg will yield successively smaller 
fuel savings than previous mpg increases. For example, if you 
use 100 gallons of gasoline to travel a given distance, then 
doubling your mpg results in a SO-gallon savings. However, a 
second doubling of mpg yields a 25-gallon savings, then 12.5, 
6.25, etc. The same concept holds true for the new-car fleet 
or the total car fleet. 

As shown in figure 6, we estimated that a fleet of 100 
million cars averaging 13.5 mpg (the approximate fleet fuel- 
efficiency average in 1975) and each car driving an average of 
10,000 miles per year, would use about 74 billion gallons of 
gasoline per year. Assuming the same number of miles driven, we 
estimated that a fleet of cars averaging 30 mpg would consume 
about 33 billion gallons a year --for a savings of 41 billion 
gallons. Again, using the same assumptions, we estimated that 
a fleet average of 60 mpg would drop from 33 to 16.7 billion 
gallons per year. Thus, the first round improvement would save 
41 billion gallons per year while the second round would save 
16 billion gallons. 

FIGURE 6 

DlMlNlSHlNG RETURNS OF HIGHER FUEL EFFICIENCY 
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Estimates of future fuel consumption 

Our analysis indicated that for the next 8 to 10 years the 
U.S. automobile fuel consumption will probably decline even if 
new cars are no more fuel-efficient than the 30-mpg fleets now 
being developed. In the long run, if totalyearly mileage 
driven grows at a 3.5-percent annual rate experienced during the 
period 1959-79, fuel consumption in the year 2000 may be double 
the amount estimated in the no-mileage growth scenario, as shown 
in the following table. 

Estimated Automobile Fuel 
Consumption in Year 2000 

mpg 

Our assumptions 

(million barrels per day) 

3.5-percent annual growth in 
miles .( pessimistic) 6.8 5.1 4;3 3.6 

No growth in miles driven 
(optimistic) 3.2 2.4 2.0 1.7 

Growth in miles per regression 
model (base case) 

3.1 2.4 2.1 1.8 

Fuel consumption was estimated for the above three assump- 
tions based on annual miles driven. The first scenario is con- 
sidered pessimistic and used 3.5 percent annual growth in miles 
driven-- the approximate rate of growth before the supply disrup- 
tions of 1979-80. The no-growth scenario uses yearly mileage 
fixed at the 1978 level and may be considered as an optimistic 
estimate. The constant mileage assumption is a proxy for a 
standoff between the forces that would tend to increase miles 
driven (i.e., rising incomes, population, gross national prod- 
uct, etc.) with those factors that decrease miles driven (i.e., 
rising fuel prices, diminishing supplies, etc.). For the third 
scenario, or base case, the number of miles driven was estimated 
from a regression analysis-- a statistical technique for measur- 
ing the relationship among various factors. The factors con- 
sidered to influence miles driven were number of households, 
per capita disposable income, gasoline prices, automobile fuel 
efficiency, and the disruption of gasoline supplies. (For fur- 
ther details on the methodology employed, see p. 7.) 

Figure 7 contains three graphs, one for each of our three 
assumptions concerning miles driven. On each graph are lines 
depicting consumption if new-car fleets were to achieve 30, 40, 
50, or 60 mpg. Each graph illustrates the principle of dimin- 
ishing returns. For example, the amount of fuel saved as the 
fuel efficiency goes from 30 to 40 mpg is greater than that 
saved as efficiency increases from 40 to 50 mpg. 
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FIGURE 7 
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In the short run (1981-90), the Nation will probably 
experience a continuing decline in automobile fuel consumption. 
This decline in fuel consumption will take place barring any 
major shift in miles driven, the price of gasoline, or the state 
of the economy. Major factors contributing to the decline in 
fuel consumption are (1) manufacturers are locked into engineer- 
ing, design, and production methods for producing fuel-efficient 
automobiles and (2) in the short run most older cars in the 
fleet are being replaced by significantly more fuel-efficient 
new cars. Thus, even if newer car fuel efficiency were to be 
frozen at today’s levels, the fleet average consumption will 
most likely be reduced. 

In the longer run, and the further out into the future, the 
more uncertain these projections become. The base case and opti- 
mistic projections indicate a leveling out of consumption in the 
1990-2000 period. In contrast, the pessimistic case assumption 
indicates that by 1995 the impacts of continual increases in 
driving overpower the cumulative gains in mpg for all but the 
highest level of fuel economy. This period of relatively high 
uncertainty is also the period during which alternative fuels 
are scheduled to become available for mass consumption according 
to an’ OTA study entitled “Changes in the Future Use in Charac- 
teristics of the Automobile Transportation System.” 

CONGRESSIONAL CONCERN WITH FUTURE 
FUEL STANDARDS 

The Congress continued to show concern for future automo- 
bile fuel economy improvements after it passed the Energy Policy 
and Conservation Act of 1975. During the 96th Congress, the 
Senate Committees on Energy and Natural Resources and Commerce, 
Science, and Transportation reviewed the possibility of setting 
higher standards beyond 1985. An amendment to a Senate bill was 
made that would have set an average fuel economy standard of 40 
mpg for new cars sold in 1995. Standards for interim years 1985- 
95 would have been established by the Secretary of Transporta- 
tion. No action was taken on the bill. 

In June 1981 the Subcommittee on Energy Conservation and 
Power of the House Committee on Energy and Commerce held hear- 
ings to examine the policy for potential fuel savings from the 
automobile sector, particularly in light of the auto industry’s 
financial problems. Although the subcommittee has not taken 
further action, the hearings indicate that congressional inter- 
est in fuel economy continues. 

CONCLUSIONS 

To produce more fuel-efficient cars, the automobile indus- 
try plans to spend more than $70 billion through 1984. This 
capital spending rate will pay for the extensive retooling of 
facilities to build smaller cars with technological innovations. 
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Although domestic manufacturers are committed to these huge 
investments; revenues to finance them have shrunk. Rising new- 
car prices and interest rates and increased imports have con- 
tributed to the auto industry’s $4 billion losses in 1980. our 
cash-flow projections indicate that General Motors Corporation 
may have negative cash flows of between $3.6 and $5.4 billion 
and Ford Motor Company may have negative cash flows of between 
$1.6 and $2.2 billion in 1981 and 1982. We recognize that the 
automotive companies have various strategies that could alter 
our cash-flow projections. 

Recent studies by DOT and CBO indicated that the current 
round of investments will leave all domestic automakers finan- 
cially weakened compared to their positions over the past sev- 
eral decades, Also, the studies indicated that continuing a 
high rate of capital investment after 1985 may place significant 
financial pressure on the automakers. 
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APPENDIX I APPENDIX I 

TECHNOLOGICAL CHANGES FOR FUEL ECONOMY --- -------------- 

Several common technological items have improved or could 
improve the potential for fuel economy. Brief descriptions of 
these technologies follow: 

1. Weight reduction --- pm-- 

Weight reduction is separated into two programs--downsizing 
and material substitution. 

Downsizing. --- The goal of the downsizing program is to re- 
package the motor vehicles in a manner which reduces car 
weight but still retains roominess and performance. Down- 
sizing usually reduces the wheel base, cuts vehicle length 
by reducing front and rear overhang, and in some cases in- 
creases the vehicle's height. This gives cars a more rec- 
tangular shape but keeps the same interior space. 

Material substitution. Weight reduction is also achieved 
byreda?$i%?j-%%%?ie components and using lighter weight 
'materials. Components are redesigned to provide the same 
function in the vehicle while using less material to save 
weight. Many component design changes are incorporated 
with downsizing actions. Substitution of lighter weight 
materials-- such as aluminum; plastic; and high-strength, 
low-alloy steels --are replacing high-carbon steel in such 
items as doors, hoods, and bumpers to reduce weight. 

2. Aerodynamics -". 

Aerodynamic design can improve fuel economy by reducing 
the amount of drag from headwind and crosswind. Aerody- 
namic design is accomplished when a vehicle is redesigned 
in conjunction with downsizing actions. 

3. Rolling resistance 

Rolling resistance is the frictional loss associated with 
motion of wheels. Rolling resistance improvements are be- 
ing pursued in three areas: 

--Improved tire design to reduce rolling friction. 

--Increased tire pressure to reduce rolling resistance. 

--Reduced disc-brake drag. 

Improvement in tire redesign and pressure is being pursued 
by the tire companies. 

4. Lubricants -- ------ 

Lubrication improvements can be made in the operation of 
transmissions, engines, differentials, and wheel bearings. 
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Synthetic lubricants offer benefits over conventional 
engine oils with their ability to reduce engine friction 
at extreme temperatures. 

5. Transmissions and drivetrain 

Fuel economy improvements are being made by increasing the 
number of manual transmissions sold, especially four- and 
five-speeds, with overdrive. Also, improvements are being 
made in three- and four-speed automatic transmissions with 
torque converter lockup features, which improve engine- 
transmission matching. The lockup torque converter mechan- 
ically links the engine and drivetrain during cruise condi- 
tions, thereby eliminating slippage which results in a loss 
in fuel economy. The fuel economy benefits of the four- 
speed automatic transmission stem from a change in the gear 
ratio which facilitates lower engine speeds and reduced 
pumping losses, 

The transverse front-wheel-drive design configuration in- 
volves mounting an engine parallel to and above the front 
axle and transmits power directly from the engine to the 
front wheels. This configuration eliminates some weight by 
reducing the size of the engine compartment and by elimina- 
ting the rear drive shaft and differential which allows 
the interior volume to be used more efficiently while down- 
sizing the exterior. But, front-wheel drive by itself im- 
proves fuel economy little, if at all, over a rear-wheel- 
drive vehicle of the same weight. Front-wheel drive allows 
downsizing and smaller fuel-efficient engines, and this is 
what improves fuel economy. 

6. Turbocharginq 

Turbocharging an engine is intended to increase performance. 
It does not improve the fuel economy of a gasoline engine; 
however, some fuel savings are realized with a turbocharged 
diesel engine. A turbocharger is an air compressor used 
to force a greater amount of air-fuel mixture into the cyl- 
inder to increase the power of the engine. Fuel economy 
benefits of a turbocharger can be realized when a smaller 
engine is substituted in a vehicle, or the drive ratio is 
changed. 

7. Electronic controls 

An electronic control system is used to control three basic 
operating variables: air-fuel ratio, ignition timing, and 
exhaust gas recirculation. The controls are basically a 
sensor and actuator mechanism that optimizes the balance 
between fuel efficiency and emissions control. 
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8. Diesel engines -- 

The diesel engine is an internal-combustion engine whereby 
fuel is ignited by the heat of compressed air in the cyl- 
inder as opposed to an electrical spark in the conventional 
spark-ignition engine. No spark plugs or c.arburetor are 
necessary. With the higher compression ratios and reduc- 
tion in pumping losses, diesel engines use fuel more effi- 
ciently than the conventional spark engine. The future of 
diesel engines is clouded as there is doubt whether the 
current emission standards can be met or whether these 
standards will be modified. 
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