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JPIEIACE 

W. N. Carey, Jr., Executive Director, Transportation Research Board 

As noted in the Introduction, the TRB Committee on Energy Conservation and 
Transportation Demand organized this workshop as one of its regular technical 
activities. The workshop was intended to provide for discussion of the issues 
among committee members and a few other invited participants. It was recog-
nized that the subject is immense, that various facets are currently under in-
tensive and comprehensive study in government agencies and elsewhere, and 
that such a brief and restricted meeting could provide a forum for exchange of 
information among the professionals working in the field but could not be ex-
pected in itself to advance significantly the state of the art in the subject area. 

The report, therefore, is not intended to be a definitive coverage of the sub-
jects discussed, partly because of time and funding restraints, because of the 
informality of the workshop, and because all points of view and interests could 
not be represented among the limited number of participants. For example, 
there was no representative of a foreign car manufacturer nor any strong pro-
ponent of diesel engines or of unconventional engines. 

In addition, because of time constraints, several speakers were unable to 
prepare manuscripts of their informal presentations at the workshop. The pro-
gram for the workshop, including the names of all the speakers, is given at the 
end of this report. 

With understanding of the limitations mentioned above and with no endorse-
ment of or denial of the statements made by individual authors or the workshop 
chairman in summarizing the conference, the Transportation Research Board 
and the financial supporters of this report (the Federal Energy Administration 
and the Transportation Systems Center) believe that it should be disseminated 
as information to the community of professionals interested in and working in 
the area of energy conservation in the transportation field. 

iv 



I[NTIODUCTI[ON 

Warren B. Lovejoy, Port Authority of New York and New Jersey, 
workshop chairman 

A great deal of thought has been expended in recent 
years on the development ovarious strategies aimed 
at conserving energy in the United States, and most of 
these strategies center on the transportation industry. 
There are several reasons for this. First, transpor-
tation consumes about 25 percent of all of the energy 
that is used in the United States each year and about 
50 percent of all of the oil. Through 1972 transporta-
tion consumption of energy increased about 4.3 percent 
annually. 

Within the transportation industry, the primary em-
phasis to date on reducing energy consumption has been 
on reducing the fuel consumed by highway vehicles, par-
ticularly automobiles. In 1972 before the embargo, 
automobiles consumed 73 percent of the energy that was 
used by the transportation industry, and all highway ve-
hicles accounted for almost four-fifths of the energy 
consumed by transportation. In the transportation in-
dustry, aviation is the next largest consumer—about 13 
percent—and is increasing its energy consumption 6 per-
cent annually. The railroads and all marine activities 
together consume only about 8 percent of the total fuel 
that is consumed by transportation and have had no in-
crease in consumption in the last decade. Therefore, 
it is reasonable that policies for reducing energy con-
sumption in this country, and particularly oil consump-
tion, should focus on the transportation industry and 
within the transportation industry on the automobile. 

The energy act passed in 1975 seems at least in the 
short run to havetránsferred the emphasis of govern-
ment policy from the price mechanism and the market 
reaction to price to the force of regulation This legis-
lation mandates that U.S. manufacturers and major im-
porters of automobiles must have fuel efficiencies for 
their new automobiles that average 8.5 km/liter (20 
mpg) in 1980 and 11.7 km/liter (27.5 mpg) in 1985. The 
total fuel efficiency of all automobiles on the road in 
1975 is about 6 km/liter (14 mpg) of gasoline. 	. 

Since the 1950s TRB (then HRB) has concerned itself 
with the relations between vehicle size, weight, and 
power and the design (grades and alignment) of high-
ways. In 1974 new dimensions were added with the or-
ganization of the Environmental Quality and Conserva-
tion of Resources Section. Five committees were set  

up within this section, one of which is the Committee on 
Energy Conservation and Transportation Demand.. 
Shortly after its organization, this committee came to 
the conclusion that for the next decade the most imme-
diate answers to the nation's problems of emerging en-
ergy shortage lay primarily in the field of energy con-
servation. This is not to say that the development of 
new sources and kinds of energy and fuel is not impor-
tant, but that requires long lead times. During the next 
decade, we must get along pretty much with what we 
have in the way of volumes and sources of fuel. There-
fore, as one of its first activities, the committee orga-
nized the Workshop on Strategies for Reducing Gasoline 
Consumption Through Improved Motor Vehicle Efficiency. 
The conference was held in Washington, D.C., October 
7-8, 1975. It was divided into 4 sessions on the sub-
jects of (a) reduction of fuel consumption through tech-
nological improvements, (b) response of and acceptance 
by the market of new types of vehicles, (c) trade -offs 
between fuel efficiency programs and safety and environ-
mental considerations, and (d) impact of alternative en-
ergy conservation plans. 

This report contains a summary of the workshop and 
includes papers by those who provided manuscripts of 
their informal presentations. Funding for the publica-
tion of these proceedings has been provided by the Fed-
eral Energy Administration and the Transportation Sys-
tems Center of the U.S. Department of Transportation. 



WOIRllSIHIOIP SUMMARY 

Warren B. Lovejoy, Port Authority of New York and New Jersey, 
workshop chairman 

REDUCTION OF FUEL CONSUMPTION 
THROUGH TECHNOLOGICAL 
IMPROVEMENTS 

The first session of the Workshop on Strategies for 
Reducing Gasoline Consumption Through Improved 
Motor Vehicle Efficiency consisted of reports by rep - 
resentatives from automobile manufacturers and a rep-
resentative of the Transportation Systems Center. 

The manufacturers stressed the importance of 
driver training as a technique for saving energy. They 
have found a variation of as much as 2 to 1 in fuel effi-
ciencies achieved by the use of better driving techniques. 
They also stated that both efficient fuel consumption and 
good performance represent value to the buyers. The 
manufacturers felt that buyers will purchase efficient 
vehicles only if they perceive benefits to themselves. 

General Motors has developed a simulation model 
that incorporates, among other things, the weight of 
the vehicle, the aerodynamic qualities of the vehicle, 
the axle ratios and drive train, and the various oper-
ating characteristics of the engine. Much of the engine 
design work involves a compromise between fuel effi-
ciency and emission levels. The timing of the spark 
and the air -fuel ratios cannot be optimized against the 
single factor of achieving maximum fuel efficiency be-
cause they must also consider the drivability of the 
automobile, the availability of octane -rated fuel, and 
the exhaust emission standards. So, the task is to find 
the optimum combination of all these factors. 

The research indicates that a compression ratio of 
about 8.3 seems to be the ideal one to achieve maximum 
fuel efficiency in combination with the other factors. 
The diesel engine for automobiles offers good fuel effi-
ciency. However, it is heavy and expensive and has 
severe cold-start problems. Further, it is difficult to 
produce a diesel system to meet emission standards. 
The supercharger for conventional engines helps fuel 
efficiency, but wide speed range requirements make 
its operation difficult. The operational problems have 
not been solved. The turbine engine needs advances in 
material technology, particularly in economically pro-
ducible ceramic materials capable of withstanding the 
high temperatures necessary to fuel efficiency. The  

stratified-charge engine, which many considered to be 
the engine of the future, can use a lean mixture of fuels, 
but it emits high levels of hydrocarbon. U.S. manufac-
turers, represented at the workshop, although continuing 
research, do not regard the stratified-charge engine as 
highly promising for the future. 

The TSC researchers have concentrated on the prob-
lem of trade-offs in engine design. They designed a 
model that has two stages. In the first stage, they pos-
tulated various sizes, structural configurations, and 
crashworthiness characteristics of the automobile, which 
combine to produce the weight and the aerodynamic form 
of the vehicle and to determine the power that the engine 
must have. Then they examined fuel performance re-
quirements and the various parameters of fuel economy 
versus different inertial weights and characteristics of 
acceleration, which they specified by using different as-
sumed lengths of time to accelerate from 0 to 96.6 km/h 
(0 to 60 mph). With this model, they were able to ex-
amine various improvements in engine efficiencies that 
they considered to be possible. 

They concluded that engine efficiencies can be im-
proved as much as 33 percent if ways can be found to 
handle the high costs of sophisticated electronic and en-
gine performance controls. This finding seemed to be 
somewhat at variance with the findings of the manufac-
turers. TSC examined drive-train improvements with 
the model and found different methods that will enable 
the engine to operate more efficiently under a variety 
of driving conditions—fourth and fifth gears, for in-
stance, on continuous variable speed transmissions. 

After studying possible alternatives, the TSC group 
concluded that, depending on fleet configuration and size 
of automobiles, the continuing development of existing 
techniques can produce average automobile efficiencies 
between 11.1 and 13.2 km/liter (26 and 31 mpg). Even 
higher efficiencies are possible if innovative work is 
done in structural configuration and in drive-train de-
velopment. 



RESPONSE OF AND ACCEPTANCE 
BY MARKET OF NEW TYPES OF 
VEHICLES 

A wide range of programs including voluntary measures, 
standards, restrictions, and taxation policies have been 
proposed to help restrain future automobile gasoline 
consumption in the United States. Steps that would im-
prove the fuel economy of new automobiles find broad 
support because of their relatively minor impact on auto-
mobile ownership, ease of travel, and life-styles gen-
erally. However, the implications of numerous alter-
native steps of this sort are extremely difficult to pro-
ject because of the durability of the automobile stock 
and the correspondingly long lags inherent in introduc-
ing a fleet with improved gasoline performance. Since 
about half of the automobile gasoline in this country is 
consumed by automobiles that were manufactured 4 or 
more years ago, policies that are tied to new vehicles 
alone can be evaluated only by comparing their long - 
range effects. Furthermore, automotive technology 
cannot be changed rapidly, and the timing and feasibility 
of potential fuel economy improvements are surrounded 
by considerable uncertainties. Public policy adds to 
this uncertainty. For example, the feasibility of diesel 
and stratified -charge engine technology is dependent on 
nvironmental policy as well as on market and produc-

tion factors. Finally, shifts in consumer automobile 
purchases, travel patterns, and preferences could re-
shape future patterns of gasoline consumption, and 
these factors are themselves heavily influenced by over-
all economic conditions, automobile industry pricing 
and marketing practices, gasoline prices, and numer-
ous other forces including regulationsinfluencing auto-
mobile use (e.g., congestion pricing). 

To deal consistently with the interactions among tech-
nology, public policy for the automobile industry, and 
the marketplace, a systematic modeling approach is in-
dicated. The intricacy of the task is far beyond that 
solvable by casual estimation. At the same time, many 
elements of this process are poorly understood and in-
adequately documented so that, as is usually the case 
with complex models, subjective judgment must play a 
key role within the analytical model. Several of the 
approaches to the study of future automobile use dis-
cussed at the workshop address the problem of fleet 
composition and automobile sales. The models include 
consideration of the impact on automobile sales and 
usage of the general U.S. economy, of personal and 
family income patterns, of fuel prices, of fuel and auto-
mobile taxes, and of automobile prices as well as vari-
ous methods of determining the scrappage rate, which 
is particularly important in estimating what the compo-
sition of the total automobile fleet will be in a given 
year. 

There was general agreement that the shift to smaller 
automobiles would continue, that the resulting improved 
fuel consumption characteristics of the fleet would off-
set the impact of higher fuel prices (and, some thought, 
higher automobile prices) on automobile sales. The 
same factors might well result in a leveling off and 
eventually a reduction of fuel consumption by automo-
biles within the next 10 years; however, automobile 
sales and automobile travel were generally expected 
to increase. 

TRADE-OFFS BETWEEN FUEL 
EFFICIENCY PROGRAMS AND 
SAFETY AND ENVIRONMENTAL 
CONSIDERATIONS 

A discussion of the impact of the 88.5-km/h (55-mph) 

speed regulation showed that fairly rigorous initial ob-
servance of the program had reduced the rate of con-
sumption of automotive fuel by 3 to 4 percent. In addi-
tion, the reduced speeds and the reduced thiferential 
between high and low speeds in a traffic stream had re-
sulted in an estimated 17 percent decline in traffic fa-
talities in 1974 and 1975 compared with 1973. Enforce-
ment of speed limits is still a major problem, and the 
Federal Highway Administration has developed a pro-
cedural guide for speed monitoring that will assist states 
and various law enforcement agencies. 

The National Highway Traffic Safety Administration 
experimental safety vehicle program was described in 
the third session. A few years ago, this program was 
expanded to include 9 additional experimental safety ve-
hicles, 

e-
hides, several of which were produced by foreign manu-
facturers. The present research safety vehicle program 
has four specific goals: to produce a vehicle that weighs 
less than 1360 kg (3000 lb) and yet will reduce to the ex-
tent feasible the societal costs of automobile accidents 
by 1985; to produce a safe vehicle that will have a 12.8-
km/liter (30 -mpg) efficiency; to hold the costs of these 
vehicles to limits that the market can absorb; and to 
design a vehicle that meets the 1978 emission standards 
of the U.S. Environmental Protection Agency. Research 
is aimed at achieving an optimum combination of these 
various goals, and considerable progress has already 
been made with five U.S. and foreign contractors now 
participating actively in the program. The sponsors of 
the program are optimistic that the goals of the program 
will eventually be met. 

Another speaker in this session addressed the difficult 
subject of trade -offs between fuel efficiency and emission 
controls. The effort to offset losses in fuel economy 
depends on a number of small improvements based on 
current technology. No way has been found to avoid a 
20 percent loss in fuel efficiency if we are to meet fully 
the 1978 emission standards. The trade-offs are as 
follows: A high compression ratio minimizes the nitrous 
oxide emissions but maximizes hydrocarbon emissions. 
Retarding the spark minimizes hydrocarbon emissions 
but increases fuel consumption. The use of exhaust gas 
recirculation eliminates nitrous oxides but increases 
fuel consumption. The first approach should be to adopt 
a system that gets the hydrocarbon emissions out of the 
engine product and then to proceed from there to solve 
the other problems as well as possible. 

The cold-start emission problem was emphasized. 
An engine running cold is twice as bad as a warmed-up 
engine in terms of emissions. However, considerable 
research is now being done on sonic or otherwise im-
proved carburetors, and this problem may eventually 
be solved. The 40 percent reduction in fuel consumed 
in automobile travel by 1980, which has been mandated, 
seems at the moment to depend on a 20 percent improve-
ment in the fuel efficiency of the engines and a 20 per-
cent reduction in automobile size. It appears that, 
under the present state of the art, the 20 percent im-
provement in engine efficiency will be offset by the 20 
percent loss due to emission control mentioned above, 
leaving us 20 percent short of the mandated 40 percent. 

IMPACT OF ALTERNATIVE ENERGY 
CONSERVATION PLANS 

Many people advocate plans to reduce automobile usage 
by increasing public transportation patronage through 
the use of pricing mechanisms or various other regula-
tions or restrictions. The first paper in this session 
dealt with mass transportation as an alternative and re-
ported on a recent study for the U.S. Congress (1); the 
findings of that study are summarized here. 	- 



Between 1973 and 1974 transit ridership increased, 
but the increase resulted more from the oil-scarcity 
situation than from the increase in the price of gasoline. 
Automobile use increased after the embargo (and the re-
sulting gasoline scarcity) was over in spite of higher 
gasoline prices. However, the 3 percent increase in 
transit ridership that had occurred during the embargo 
remained after gasoline was made easily available 
again. In evaluating the effectiveness of different strat-
egies, the study found that improving transit speed and 
comfort and lowering fares have a limited impact in at-
tracting additional passengers to transit from automo-
biles and, therefore, in reducing the amount of energy 
consumed by the automobile. Automobile disincentives 
provide a much more effective way of persuading people 
to leave their automobiles and use public transportation. 

Transit now carries only about 2 percent of the total 
passenger trips in the country, and the transit fleet can-
not likely be doubled by 1980. As a consequence, the 
transit industry cannot be expected to handle signifi-
cantly 'increased peak traffic volumes in the next few 
years. The overall finding was that there is a great 
need for combined strategies including both automobile 
disincentives and promotion of off -peak transit use where 
excess capacity now exists and where it may be possible 
to attract to public transportation some of the nonwork 
travel now being made by automobile. 

The study also developed a model to evaluate the im-
pact of different strategies. The complete elimination 
of transit fares combined with a 40 percent increase in 
the transit fleet and a slight increase in transit speeds 
would produce an estimated 44 percent increase in peak 
transit traffic and an 86 percent increase in off -peak 
transit ridership. The aggregate ridership would in-
crease 64 percent. But this would result in a decrease 
in automobile energy consumption of only about 1 per-
cent and would require expenditures estimated at several 
billions of dollars to increase transit capacities and im-
prove service. An average increase of $1.50 in daily 
parking fees in major metropolitan areas could produce 
an estimated 15 percent increase in transit ridership 
with a consequent small decrease in total transportation 
fuel consumption. A 50 percent increase in gasoline 
prices would increase transit ridership by only 8 per-
cent. This emphasizes the inelastic nature of the auto-
mobile market in relation to the price of fuel. 

The final conclusion of this study was that it is dif-
ficult in most cases to justify major transit improve - 
ments or expansions wholly on the basis of potential 
energy saving primarily because of the high cost of ad-
ditional major transit facilities. However, the study 
asserted that transit must be maintained, and ways 
must be found to continue to provide an alternative to 
the automobile for users who require or prefer public 
transportation or who can be persuaded to use it. 

Another paper presented in this session outlined the 
work of a task force of the Federal Energy Administra-
tion to prepare a gasoline rationing plan for possible 
use during a severe gasoline shortage. Severe shortage 
was defined as a 20 percent decrease in the availability 
of gasoline. Under this plan, each private driver would 
receive coupons for the same amount of gasoline. Every 
business would be allotted gasoline at a reduced per-
centage of that used in some base period. Businesses 
would open gasoline checking accounts, a rationing 
equivalent to cash checking accounts. Coupon. holders 
would be free to buy coupons from other coupon holders, 
and certain specifically defined types of users would be 
able to obtain additional coupons from a special exemp - 
tion program operated by the states. This program is 
ready but will not be implemented except under extreme 
emergency conditions. It would take 3 months to imple -  

ment the program from the time a decision is made to do 
so. 

In the discussions during this session of the practical-
ity of the electric vehicle, the conclusion was that such 
a vehicle is not now operationally feasible. With present 
technology, however, such a vehicle could be designed 
that would be effective for local transportation and might 
cost $4000 to $5000. Current battery technology would 
probably require replacement of batteries every 32 OQO 
km (20 000 miles) at an estimated cost of $1500. 

A frequently proposed approach to improving automo-
bile fuel economy is to place a heavy excise tax on new 
automobiles that deliver poor fuel economy and to re-
duce this tax step by step as the fuel economy of a new 
automobile is improved until automobiles that deliver 
good fuel economy would not be taxed at all. The Fed-
eral Energy Administration is developing a simulation 
process to examine the impact of such a program. Pre-
liminary results based on an early House Ways and 
Means Committee proposal show that by 1985 a 12 per-
cent reduction in fuel consumption by automobiles could 
be achieved. However, sales of automobiles would prob-
ably decline a maximum of 7 percent annually. This 
model is preliminary and is under continuing develop - 
ment. 

REFERENCE 
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EWJT*IILE SALES 
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Interactive computer models are described that project changes in the use 
and ownership of automobiles. An automobile ownership model projects 
changes in total automobile ownership, a scrappage model estimates the 
number of automobiles in each age class that will be scrapped, and a new 
automobile market segmentation model estimates changes in the mix of 
new automobiles sold in each of three size classes. The models age the 
automobile population year by year and forecast the number of new auto-
mobiles that will be sold and added to the inventory of automobiles in 
use. Included within the models are a number of economic variables re-
lating to the costs of ownership and operation, each of which may be af-
fected by public policy and may be treated as policy instruments for, 
say, reducing automotive fuel consumption. The models have been used 
for a variety of policy impact assessments and are useful for the evalua-
tion of alternative policy choices affecting the use and ownership of auto-
mobiles. 

Rational policy choices dealing with automotive fuel 
consumption and specifically with measures to reduce 
such fuel consumption require, among other things, an 
ability to quantify the effects of different government 
actions on the direct objective (i.e., the reduction of 
fuel consumption) and on a variety of other important 
concerns that ultimately determine whether a given 
action is more or less desirable than another. Clearly, 
the need exists for the application of a forecasting ca-
pability that captures the multiplicity of interacting 
forces at work and that reflects in a realistic way the 
effects of various policy actions that might be proposed. 
The modeling effort to be reviewed here is the result of 
work that was begun in 1971 and carried on until mid-
1974 to refine quantitative methods for the analysis of 
the complex of factors impacting on and impacted by 
the use of automobiles. The objective was to attempt 
to provide the kind of analyses that could aid in the de-
velopment of corporate policy. 

Three sets of factors are at work that jointly deter-
mine demand for automobiles and derivatively the de-
mand for gasoline; these factors may be characterized 
as market forces, government forces, and industry re- 

The work described was performed while the author was with the Trans-
portation Research and Planning Office of the Ford Motor Company. 

sponses. They have a large number of complex inter-
actions and, of course, many elements of uncertainty. 
The demand for automotive fuel is a direct result of (a) 
changes of the number of vehicles in use, (b) changes 
in the use of these vehicles, and (c) changes in the fuel 
consumption characteristics of these vehicles. Each of 
these factors, in turn, is affected by a number of vari-
ables and the dynamic interactions related to them. Dif-
ferent government policies directed toward reducing 
automotive fuel consumption can affect each of these fac-
tors in markedly different ways and result in widely dif-
fering effects on new automobile sales. 

OVERVIEW OF MODEL STRUCTURE 

The basic argument of the model is deceptively simple: 

SALES =U1O + SCRAPPAGE 

New automobile sales is the sum of the change in the 
number of units in operation (the growth component of 
the market) and the number of units scrapped (the re - 
placement component of the market). It is important to 
recognize that the replacement component represents an 
increasing percentage of total new automobile sales as 
total automobile ownership approaches saturation. By 
the early 1980s, the scrappage component is projected 
to account for 80 percent of sales. It is of particular 
importance, therefore, to simulate the interplay of fac-
tors that influence scrappage. 

Figure 1 shows a schematic representation of the 
overall model structure; 1970 is used, arbitrarily, as 
the base year. For convenience in presentation, auto-
mobile model years are aggregated; in the computer 
model, 17 model-year classes are represented, with 
17-year-old and all older automobiles included in the 
seventeenth class. The models were programmed in 
TIME-SHARED BASIC and run on an HP-2000. 

In general terms, the model starts, for a selected 
year, with input of the distribution of the total number 
of automobiles in use by the 17 model-year classes, in-
cluding a number of attributes of the automobiles in each 
model-year class, e.g., size and weight class and aver-
age specific fuel consumption and a set of parameters 



Figure 1. Overview of model structure. 
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that determine the functional relations among model 
variables. The model then ages the automobile popu-
lation, year by year, throughout a forecast period, fore-
casting for each year the number of automobiles of each 
model year and size class that will be scrapped and the 
number of new automobiles that will be sold and added 
to the inventory by size class and average specific fuel 
consumption. Included within the model are a number 
of usage parameters such that, in addition to a number 
of measures relating to the changes in automobile popu-
lation, 

opu-
lation, scrappage, and new automobile sales, the model 
provides outputs such as vehicle -kilometers, either for 
the total automobile population or any subclass, fuel 
consumption, either total or for any subclass, and the 
like. 

The three principal submodeis may be briefly char - 
acterized as follows. 

The automobile ownership submodel projects total 
automobile ownership and change in units in operation 
(UlO). A number of ownership models have been de-
veloped and tested (1). One of these involves the use of 
logistic functions to represent trends in one-automobile, 
two -automobile, and three -or -more -automobile house - 
holds to project family ownership. The commercial-
public sector ownership is treated separately. 

The automobile use and scrappage submodel es-
timates the probabilities of scrappage for each age and 
size class of automobile (and accumulates scrapped units 
and updates the age class) in relation to (a) the depreci-
ated average value, which in turn can be affected by 
changes in new automobile prices or performance char-
acteristics or both; (b) the probability that an automobile 
will suffer accident damage or incur costs to remain in 
operations, which in turn is affected both by changes in 
usage as a function or gasoline prices (gasoline supply 
constraints or rationing) and by a normalized involve - 
ment rate, which may be affected by vehicle maintenance, 
driving speed, and other factors; and (c) a repair cost 
distribution, which again can be a function of other vari-
ables, e.g., labor costs and product characteristics. 

The new automobile sales and market segmenta-
tion submodel then (a) projects new automobile sales as  

the sum of the change in total automobiles in operation 
plus number of automobiles scrapped and (b) estimates 
segmentation by operation and ownership and changes 
in a set of switching matrices. The switching matrices 
represent the probability that the owner of one size class 
automobile will purchase an automobile in the same size 
class or in another size class. Data on specific fuel 
economy are input exogenously in relation to anticipated 
standards or expected industry performance or both. 

An example of the variety of ways in which a change 
in a single input parameter can affect the behavior and 
output of the model is the way a change in the price of 
gasoline operates within the model. Assume that, either 
on the basis of an economic forecast or to test gasoline 
tax policies, a schedule of average gasoline price 
changes during the forecast period is developed and that 
this change represents an increase over historical 
trends. This forecast is translated into either an index 
rate change, if it can be represented as such, or a set 
of year-by-year index values. Each of the submodels 
is affected. The automobile use and scrappage submodel 
is affected through a modification of the use distribution 
on the basis of an estimated price elasticity. In the new 
automobile sales and market segmentation submodel, 
the switching matrices are modified in terms of a 
weighted deviation from the historical trend, which is 
treated as a time-scale change, and an adjustment 
(albeit small) is made to total new automobile sales on 
the basis of an estimated elasticity represented by a 
gasoline price-weighted change in the cost of ownership. 
The net effects on the output are quantified estimates of 
the contribution of the gasoline price increases to the 
reduction in total vehicle-kilometers, the reduction in 
gasoline demand, the reduction in scrappage, the shift 
in market mix toward smaller, more fuel economical 
automobiles, and the reduction in new automobile sales. 
Appropriate other adjustments are incorporated in the 
models to capture the effects of a gasoline shortage, e.g., 
by apportioning the shortfall from the unconstrained de - 
mand and adjusting usage. In such fashion, therefore, 
the model provides a tool for the analysis of the inter-
play of market forces or the impacts of policy choices 
that might be implemented or both. The above repre-
sents a broad-brush picture of the general structure 
and workings of the model. 

Before proceeding to a more detailed description of 
the content of these models, I should note that what hap-
pens in the new automobile market is directly influenced 
by conditions affecting the total population of people who 
own and use automobiles and not simply by the behavior 
of new automobile buyers. This is particularly true in 
view of the magnitude of the scrappage -replacement 
market. Policies directed toward new automobiles or 
representing cost penalties on new automobiles can pro-
foundly affect decisions of automobile owners about 
whether to buy a new automobile versus a used automo-
bile versus keeping a present automobile a little longer. 
Similarly, of course, policies that affect new automobile 
prices can have a profound effect on the decision of what 
type of new automobile to buy. 

AUTOMOBILE OWNERSHIP MODEL 

A series of models of automobile ownership were de-
veloped, including separate models based on 

Trends implying saturation in the number of auto-
mobiles per licensed driver; 

Trends in household automobile ownership, in-
cluding one-automobile, two-automobile, and three-or-
more automobile households (each of these components 



is represented by a three-parameter logistic function 
of the form 

F.k,/[I +exp(A.-B.t)] 	 (I) 

where 

i = 1, 2, 3, 
k1  = saturation values, 0 < k1 < 1, 

A1  and B1  = parameters for ownership class i, and 
t = year); 

Trends in family automobile ownership rates in 
relation to type of housing, i.e., single-family detached 
versus multiunit housing; and 

Trends in family automobile ownership rates in 
relation to occupancy status, i.e., owner versus renter-
occupied housing. 

For all but the first model, total automobile owner-
ship is the sum of family automobile ownership and 
commercial-public sector automobile ownership. The 
commercial-public component is now treated as a linear 
function. The above submodels were developed to com-
pare different large-scale changes or trends affecting 
total automobile ownership. Highly consistent results 
were obtained. Consequently, only one is implemented 
in the present set. The projected growth in total UlO 
and the implied AUIO are given in Table 1. 

CAR USE AND SCRAPPAGE MODEL 

The scrappage modeling problem is one of identifying 
and representing the processes that generate automobile 
mortality, i.e., of estimating the probability that, in 
any particular forecast year, any given model-year 
automobile will be scrapped. The basic argument of 
the model is relatively simple; its working out involves 
a number of complex interactions and a number of dif-
ficult data problems. The basic argument is as follows: 

Normal aging and wear are represented by the 
decrease in average value of an automobile over time, 
i.e., a depreciation rate; 

Automobiles, during their lifetimes, are also 
subject to various shocks and insults, e.g., traffic ac-
cidents, fire, theft, vandalism, and major breakdown—
events that result in a cost that must be incurred to re-
turn the automobile to an operational status; and 

When such costs exceed the depreciated value of 
the automobile, it is scrapped, i.e., not reregistered. 

The calculation of specific mortality rates, thus, has 
three major components. Each major component has 
two elements: a model-year element i, which is a dis-
tribution by age of automobile; and a calendar-year ele-
ment j, which represents a rate of change over time. 
Each major component, furthermore, can be the product 
or result of several subcomponents or contributing fac-
tors. The major components are average value distri-
bution, damage rate distribution, and repair cost dis-
tribution. Each of these is discussed in turn, and then 
they are combined for the computation of scrappage 
probabilities. 

Average Value Distribution 

The average value, W,,, of an i-year-old automobile 
j-years from a base-year value of W0  is represented 
by an equation of the following form: 

where A (the depreciation rate) is estimated on the basis 
of historic data on used automobile values, B is what 
might be called an inflation factor and is estimated on 
the basis of the historic change in average new automo-
bile prices, and F(i) is a correction factor to account 
for the circumstance that the values of automobiles 
older than 9 years depart from the exponential decay, 
F(i) = l for i=0, 1,2,...,8, and F(i)>l for i=9, 10, 
. . , 17. 

The W,, of equation 2 represents the normal (histor-
ical) relation between new automobile prices and used 
automobile values. Figure 2 shows the distribution for 
January 1970. The value of A has been relatively con-
stant during the last 2 decades. If significant departures 
from the normal relation can be expected, e.g., a rela-
tive increase in the valuation of older automobiles asso-
ciated with the degraded performance and fuel economy 
of emission-controlled automobiles, then suitable mod-
ifications of equation 2 can be introduced exogenously at 
the appropriate time period in a simulation run. Sim-
ilarly, variations in scrap pieces can be used as a floor 
for the value distribution. 

Damage Rate Distribution 

The damage rate, R,,, for an i-year-old car j-years 
from a base-year rate of R. is given by the following: 

= R0 * expt(A + B) * (I - 1)] * Ci 	 (3) 

where A is a usage parameter based on the average 
kilometers driven per year by age of automobile (the 
value of A is a negative, as shown in Figure 3), B is a 
normalized accident involvement rate by age of automo-
bile and is positive (Figure 4), and C is the rate of 
change of the base rate over time. 

Based on historical data, (A + B) is slightly negative. 
It will be observed, however, that factors that affect 
either A (usage) or B (involvement rate) will have a sig-
nificant effect on R, and hence on scrappage probabil-
ities. For example, an increase in gasoline prices will 
reduce usage and thereby reduce R,,. The model cur-
rently incorporates a gasoline price elasticity, treated 
at a cost of operation-weighed use factor, which mod-
ifies the A-parameter in the exponential part of R,. 

Repair Cost Distribution 

The probability that the repair cost, Q,.,, will be less 
than X-dollars in j-years from the base year is given 
by a Weibull distribution as follows: 

= I - exp - [X/(T0  * Ai)] B 	 (4) 

where 

To  = base-year Weibull parameter related to the 
average cost to repair, 

A = repair cost growth rate, and 
B = Weibull slope parameter. 

Again, it will seem that factors that may change the 
repair cost distribution will affect scrappage. Figure 
5 shows the repair cost distribution for 1970. Equation 
4 has been estimated on the basis of extensive repair 
cost data collected and analyzed by the Car Research 
Group at Ford Motor Company. 

Scrappage Probability 

When the above relations are combined, the scrappage 
W, = W0  * A' * B) * F(i) 	 (2) 	probability (P)  that an i-year-old automobile will be 
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Table 1. Growth in automobile 
ownership. 

Year January 1.110 LUIO 

1974 83 487 000 2 457 000 
1975 88 404 000 2 460 000 
1976 90 864 000 2 457 000 
1977 93 321 000 2 451 000 
1978 95 772 000 2 445 000 
1979 98 217 000 2 438 000 
1980 100,655 000 2 430. 000 
1981 103 085 000 2 422 000 
1982 105 507 000 2 417 000 
1983 107 924 000 2 413 000 
1984 110 337 000 2 409 000 
1985 112 746 000 2 409 000 

Figure 2. Average value of automobile by model year, 
January 1970. 

Figure 4. Accident involvement rate by age of automobile. 
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Figure 3. Distribution of usage by age of automobile. 
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scrapped in the j th year is thus given by the following 
equation: 

	

= R1 * exp - (W1 /T)B 	 (5) 

where 

T, = T. * A, 
A = repair cost growth rate of equation 4, and 
B = Weibull slope of the repair cost distribution. 

Figures 6 and 7 show comparisons, for 2 selected 
years (1965 and 1971), of the computed scrappage prob-
ability (shown as a percentage) and the actual values as 
derived from R. L. Polk data for those years. The fig-
ures also show the number of units scrapped as a per-
centage of total units scrapped. The scrappage prob-
ability distribution is anything but constant. In the pe-
riod from 1960 to the early 1970s, both the slope and 
the peak of the distribution were increasing. Automo-
biles were getting scrapped earlier and at a higher rate. 
Median automobile life was decreasing. The present 
model provides a basis for representing the causal fac-
tors producing scrappage and for simulating probable 
future changes in this phenomenon. 

The preceding outlines the general structure of the 
scrappage model. As noted, each automobile age class 
includes a breakdown of the number of automobiles by 
size and weight class. Currently, three size and weight 
classes are included. Unfortunately, available published 
data are inadequate to support the computation of scrap-
page probabilities directly by size class. The R. L. 
Polk data on cars in use are by manufacturer car divi-
sion and are of little value in this regard. Some use can 
be made of the Polk car list counts, but there are spe-
cial circumstances relating to the preparation of these 
counts that render them unsuitable for calibrating differ-
ential scrappage rates. It is clear from the available 
data, however, that large automobiles (standards, lux-
uries, and wagons) have longer median lives than small 
and intermediate automobiles. In the present model, 
therefore, total scrappage is first computed and the im-
plied average median life is derived. Then, a realloca- 



Figure 5. Percentage of repair costs less than X-dollars, 1970. 
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Figure 6. Percentage of automobiles in each model year scrapped 
during 1965. 
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Figure 7. Percentage of automobiles in each model year scrapped 
during 1971. 
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tion is made by adjusting the expected median lives of 
large and small automobiles and redistributing the 
scrapped automobiles among the three size classes. 

NEW AUTOMOBILE SALES AND 
SEGMENTATION MODEL 

We turn now to the consideration of techniques employed 
for forecasting changes in market segmentation by auto-
mobile size (weight) class. The approach developed has 
proved to be an excellent means for projecting changes 
in the product mix. The technique involves the projec-
tion of trends in and then the modification of a set of so-
called switching matrices, which represent the transition 
probabilities that the owner of one class of automobile 
will purchase the same class of automobile or one of the 
other classes of automobiles. Table 2 gives the transi-
tion probabilities for the 1970 switching matrix. 

A set of logistic and exponential functions were de-
veloped, based on historic data on a new automobile 
buyer switching behavior to represent the trend or base-
line projection. Embedded within the trend projection' 
are the historic changes in automobile ownership pat-
terns, costs of ownership,, and costs of operation, each 
of which could be represented by an appropriate time-
dependent equation. To the extent that a departure from 
the trend is projected in one of these underlying patterns 
(for example, a projection of the price of gasoline that 
departs from the historic gasoline price trend), the 
model computes and applies a new switching matrix 
based on a weighted time-scale change in new automo-
bile purchase behavior. 

Our implicit assumption is that the observed trend in 
switching behavior is a result of observable trends in 
the set of underlying factors. To the extent then that 
policy is used to change one or another of these factors 
in a predictable way, other things being equal, we argue 
that new automobile purchase behavior will be affected 
in a similarly predictable way. As an example, we may 
consider the effect of a tax on gasoline on the switching 
matrices. The historical trend in gasoline price P5  can 
be represented by an exponential function. 

P.A*exp(B*Y.) 	 (6) 

where 

A, B = constants and 
= ith year. 

Let P represent the anticipated price of gasoline in-
cluding the imposed tax. Since the cost of operation is 
only one of several factors affecting purchase behavior, 
we define 

P*=P1 +(P_P1)*W 	 (7) 

where W = weighting factor, which represents the rela-
tive weight of the cost of gasoline to total cost of per-
sonal transportation. We then determine a new value 
for the time variable Y 5  to be used in the switching 
matrix equations as follows: 

yi = log (P*/A)/B 	 (8) 

Table 3 gives the modified 1974 switching matrix based 
o6 an assumed average gasoline price of 59. 1q,  in 1974 
compared with the average of 39.0C in 1973. 

Similar techniques could be applied for representing 
the effects of other government policy variables, e.g., a 
schedule of excise taxes on new automobile purchases 
based on, say, gross weight or fuel economy perfor- 
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mance. In this case, the excise tax will change the 
relative prices of the different automobile size classes 
and will represent a departure from the unobservable 
past relative price movements. Again, a relative 
weighting factor is required that represents the strength 
of these price differences in relation to other factors in-
fluencing automobile -class selection. 

This method tracks past changes in new automobile 
sales mix and has accurately projected the substantial 
market shift from 1973 to 1974. Figure 8 shows a plot 
on triangular coordinate paper comparing recent changes 
in new automobile sales mix, a trend projection, and a 
modified projection based on a particular forecast of 
gasoline price increases. The technique as currently 
applied, however, does not take account of (or attempt 
to forecast) the substantial leverage the automobile 
manufacturers could exert in the relative pricing of 
different automobile classes. It is clear that the auto-
mobile manufacturers could influence to a substantial 
degree the automobile-class switching behavior by rel-
atively increasing or decreasing the price of one auto-
mobile class vis--vis another class. 

The treatment of alternative government excise taxes 
or surcharges related to fuel economy could be treated 
in a relatively straightforward manner as a weighted 
change in cost of ownership (just as an increase in the 
price of gasoline represents a weighted change in the 
cost of operation) to determine the time-scale change 
in the trend switching behavior. 

Within the scrappage model, each automobile-age 
class has associated its weighted average fuel consump-
tion. The model thus computes, in relation to the use 
distribution equation as modified by projected gasoline 
price increases, total kilometers driven and total fuel 
consumed. In addition, the models have been used to 
test the effect of fuel supply constraints by reducing the 
kilometers that can be driven to match available fuel 
supply (if the unconstrained demand exceeds the supply) 
and recompute scrappage and sales. Similarly, gaso-
line rationing schemes have been tested, and the capa-
bility exists for testing the effects of other fuel conser - 
vation policies, e.g., a ban on Sunday driving. 

The models have also been used in similar fashion to 
evaluate various emission control strategies. In this 
case, each model-year (age) class has assigned appro-
priate weighted average emission characteristics and 
their degradation characteristics over time. The models 
compute the emission burden year by year, e.g., total 
CO emissions, under various control strategies, such 
as a retrofit program, or alternative implementation 
dates for specific standards. 

SOME RESULTS 

The models under review represent an analytical tool 
that has been found particularly helpful for examining 
differential impacts of different policy choices and vary-
ing assumptions about market responses. Parameter 

Table 2. 1970 switching matrix. 	 Table 3. 1974 modified switching matrix. 

Size Class of Car Purchased Size Class of Car Purchased 
Size Class of Size Class of 
Car Owned 	 Small 	Intermediate 	Large Car Owned Small Intermediate Large 

Small 	 0.6153 	0.2209 	 0.1638 Small 0.8480 0.1122 0.0398 
Intermediate 	 0.2720 	0.4194 	 0.3086 Intermediate 0.5996 0.2522 0.1482 
Large 	 0.1842 	0.1680 	 0.6478 Large 0.3583 0.1295 0.5121 
No previous car owned 	0.6298 	0.2398 	 0.1304 No previous car owned 0.9482 0.0362 0.0155 

Figure 8. Comparison of actual and modeled market 100% SIVLL 
breakdown by automobile-size class. 
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values are easily changed, and the models have lent 
themselves to a variety of applications and different 
types of analyses. Since the models have not been used 
since mid-1974

'
there are no current results to report. 

Some typical results, however, from the prior work 
may be of interest. 

The projected impacts of a number of assumptions 
on passenger automobile fuel demand and usage are 
given in Table 3. The assumptions were as follows: 
(a) an increase in the average price of gasoline as 
given in Table 4; (b) a 50 percent increase in sales-
weighted average fuel consumption in 10 years (Table 
4); and (c) an increase in the available supply of gaso-
line of 2 percent per year after 1974 (in. 1974 there was 
7 percent less available than was consumed in 1973). 
Table 4 gives model outputs for new automobile sales, 
gasoline consumption, and vehicle-kilometers. 

Under this set of assumptions, total gasoline con-
sumption peaks in 1982 and decreases slightly there-
after, but total vehicle-kilometers continues to increase. 
New automobile sales are depressed in 1974 and do not 
recover until 1977 to the point that would have been 
reached without the assumptions about fuel prices and 
availability. The actual drop in sales from 1973 to 
1974 was greater than that projected in Table 4. The 
reason is that no allowance was made in the subject 
model run for the higher than normal rate of inflation 
and the consequent reduction in real disposable income. 

Table 4. Typical model results. 

Sales- 
Avg Weighted Fuel 
Gasoline Avg Fuel Consump- 
Price Consumption New car tion5  Vehicle- 

Year (c/liter) (km/liter) Sales 	($) (liters) Kilometerst  

1973 10.3 5.25 11 219 000 284.9 1557 
1974 15.6 5.45, 9 963 000 265.0 1425 
1975 16.7 5.65 10 469 000 270.2 1444 
1976 17.9 5.86 10 989 000 275.7 1474 
1977 19.1 6.08 11 507 000 281.1 1513 
1978 20.5 6.31 12 008 000 286.8 1562 
1979 21.9 6.55 12 479 000 292.5 1622 
1980 23.4 6.79 12 914 000 298.4 1692 
1981 25.1 7.05 13 313 000 304.4 1772 
1982 26.8 7.31 13 602 000 307.5 1846 
1983 28.1 7.59 13 790 000 306.7 1902 
1984 30.7 7.87 14 053 000 304.9 1957 
1985 32.9 8.17 14 392 000 268.5 2012 

Note: 	1 liter = 0.3 gal; 1 km/liter = 2.35 mpg; 1 km = 0.6 mile. 

lecludesimports. bin billions. 

Table 5. Change in product mix. 

Total Cars in Operation 
New Car Sales (percent) (percent) 

Inter- Inter- 
Year Small mediate 	Large Small mediate 	Large 

1969 28.4 23.2 48.4 23.4 17.8 58.8 
1970 30.7 23.0 46.3 24.4 19.0 56.7 
1971 32.4 22.8 44.7 25.4 19.9 54.6 
1972 35.6 22.0 42.3 26.6 20.7 52.7 
1973 41.3 20.1 38.7 28.0 21.3 50.7 
1974 55.6 14.7 29.6 30.1 21.3 48.6 
1975 58.8 14.2 27.0 33.3 20.7 45.9 
1976 61.9 13.8 24.3 36.8 19.9 43.2 
1977 64.8 13.6 21.6 40.6 19.0 40.4 
1978 67.5 13.6 18.9 44.5 18.1 37.4 
1979 70.0 13.6 16.4 48.6 17.2 34.2 
1980 72.3 13.6 14.1 52.7 16.3 31.0 
1981 74.3 13.7 12.0 56.7 15.5 27.7 
1982 76.1 13.8 10.1 60.5 14.9 24.6 
1983 77.5 13.8 8.7 63.8 14.5 21.7 
1984 78.8 13.8 7.4 66.8 14.2 19.0 
1985 80.0 13.7 6.3 69.5. 14.0 16.5 

Note: Based or, the assumption that gasoline price will increase as given in Table 4 and 
other assumptions as ttaged in the tent. 

Table 5 gives the projected change in new automobile 
sales mix and the resulting change in the distribution of 
total automobiles in use by three size classes. 
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This paper examines the problem awareness and concern, attitudes about 
who is responsible, and possible solutions for increasing the fuel economy 
of automobiles. Four areas of consumer concern are briefly addressed: 
purchase behavior, usage behavior, automobile maintenance, and driving 
behavior. Each of these areas is examined with respect to the impact on 
fuel conservation. 

Ideas on saving energy run the gamut from kangaroo-
powered pogo sticks to rubber -band -powered automo-
biles. Some ideas can be immediately implemented, 
some are not feasible because of economics or perhaps 
the state of the art, and some will probably never be 
feasible to either producers or users of automobiles. 
Turnaround in the automobile industry takes both con-
siderable money and considerable time even if tech-
nology is available. However, the automotive industry 
is sufficiently competitive so that each of the companies 
is assessing the market and its needs versus its own 
capabilities with the goal of getting a "leg up on compe-
tition." The penetration and financial rewards for suc - 
cess in this endeavor certainly make it a goal to achieve. 
The companies may not always be moving as fast as we 
would like to see them move, but they are moving as 
fast as they can within their financial and technical ca-
pabilities. What may appear to be institutional lag is 
probably more accurately described as management 
prudence. 

During my years in the automobile industry, I found 
that, for the most part, it has been socially aware and 
striving to meet society's needs. In many instances, it 
was too far ahead of market demand and offered poten-
tial benefits for society long before the industry's 
critics were aware of the need. Small automobiles 
were on the scene many years ago. About 18 years ago, 
Ford offered safety and could not sell it or even give it 
away. Pollution control was also being worked on as 
early as 20 years ago. 

But the question here is, What is the response of 
the automotive market to the various ideas on energy 
saving? Let me review first the factors that may un-
derlie the response: problem awareness, problem con-
cern, attitudes about who is responsible, and attitudes 
about possible solutions. 

The American public is quite aware of the dialogue 
concerning the energy crisis. However, confficting 
statements made by officials and nonmaterializing pre-
dictions of shortages have caused confusion, and the 
public concern is not so high as it should be. A recent 
study by the Gallup organization, conducted among a 
national probability sample of male and female adults 
18 years and older (1544 respondents) indicates that the 
fuel shortage ranked fifth in problem priority out of nine 
items measured. Unemployment and inflation were of 
highest priorities followed by corruption in government 
and crime. Fuel shortage and drug addiction were at 
about an equal level, and of even lower priority were 
air and water pollution, the housing shortage, and traf-
fic safety. 

For the most part, concern over the fuel shortage is 
low. The public is fairly evenly divided between those 
who do believe there is a fuel shortage and those who 
do not. Only 18 percent believe it to be a serious prob-
lem, and these are more apt to be the young, better 
educated, more affluent from the east and west coasts, 
where perhaps the shortage has been more acutely felt. 

With regard to automobiles, the various suggestions 
on how the market could respond to the energy crisis 
can be classified as related to purchase behavior, usage 
behavior, maintenance behavior, and driving behavior. 

Purchase behavior is probably the most unbiased clue 
to the consumer's feeling about the energy crisis as it 
affects automobiles. The rush to new automobiles that 
are more energy efficient and smaller and have fewer 
power options and air-conditioning is a mere trickle. 
In fact, because of price increases and confusion in 
the minds of buyers, new automobile sales continue 
to be low, and annual import sales in terms of units 
during the past 4 years have remained about the same. 
Luxury-priced automobiles continue to sell well. It 
is intermediate automobile sales that are biting into 
standard automobile sales. The intermediate is still a 
fair-sized vehicle, far from light, and contains a fairly 
hefty price tag. The big inventory problem that was 
faced by the automotive companies in the 1975 model 
year and showed up again early in the 1976 model year 
is in the small automobiles, although there is still a 
great variety that the public is not buying. The prime 
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reasons for purchase deferral have been high price and, 
to a much lesser extent, the new catalytic converter. 

There is little evidence that the automobile buyer is 
giving up on big engines, power equipment, automatic 
transmission, and air conditioning, all of which affect 
fuel consumption. It takes quite a bit to make buyers 
change their life-styles. Unless the event is dramati-
cally believable and of crises proportions, change will 
be evolutionary, not revolutionary. 

In the area of usage behavior, a number of sugges-
tions have been made: 

Use public transportation, 
Car pooi, 
Do not drive unnecessarily, 
Do not use certain options and accessories that 

are energy wasters, and 
If multiple automobiles are owned, use the 

smaller, more economical automobiles a higher pro-
portion of the time. 

Based on studies I have reviewed, people to whom 
I have spoken, and things I have personally witnessed, 
I thiak that if there are any gains in this area they are 
minimal. The alternatives of public transportation and 
car pooling interfere with the individual's freedom to go 
and come at will and, hence, are a feasible alternative 
for "my friends, my coworkers, and my neighbors, but 
not for me." The same Gallup study quoted earlier in-
dicates that 67 percent of those who work use their auto-
mobiles to go to work; 8 percent use car pools; 9 per-
cent use public transportation; and 8 percent walk. If 
there is a gain in this area, it probably comes from 
reduction in trips (due to higher priced gasoline) and 
use of smaller automobiles if more than one is owned. 
Again, people must be aware, believe, and be concerned 
to at least a critical threshold if they are to act. 

The third area in which concerned motorists can act 
is in the area of automobile maintenance. With the 
price of tune-ups being what they are, is there any 
wonder that there has not been any great increase in 
their frequency? Again, it appears that the critical 
threshold has not been reached, and motorists believe 
that the benefits to be achieved are not equal to the high 
cost of achieving them, particularly in a period of re-
cession. 

In the area of driving behavior, no monetary cost is 
involved, only awareness and effort, and gains could be 
made here should motorists be inclined to do so. Sug-
gestions include 

Observe 88.5-km/h (55-mph) speed limit, 
Avoid fast acceleration and "jack rabbit" starts, 
Do not travel at high speeds, 
Stop motor rather than idle for prolonged periods, 
Use "vacuum gauges" or "meter misers" when 

available, and 
Shift gears at the proper revolutions per minute. 

To do these things, drivers must establish new driv-
ing habits. Some drivers are making the attempt, but 
many are still not concerned enough. Drive along the 
expressways at 88.5 km/h (55 mph) and observe how 
often you are passed. It has been publicized that most 
states have posted speeds of 88.5 km/h (55 mph) in com-
pliance with the federal government's request, but con-
tinue to consider violations only at 104.5 km/h (65 mph) 
or more. Motorists still drive their automobiles with 
their big engines at speeds that they are accustomed to 
and on highways built to accommodate those speeds. 
Bad habits are hard to break, and unless motorists can 
be firmly convinced that the energy crisis is a real  

crisis and that noncompliance will result in some disas-
trous happening, they will make no effort to change their 
ways. 

If we are to succeed in getting motorists to react in a 
responsible manner, politicians, business leaders, and 
academicians are going to have to clearly explain to the 
consuming public the differences between reserves and 
resources and to agree on whether there is or is not an 
energy shortage. Predicting what will happen and then 
having it not happen erodes crethbility. More social con-
cern on the part of the state and federal government is 
needed before the consumer will favorably react. When 
all parties agree on what is wrong and what can be done, 
then consumers will assume their responsibility. 
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Damian J. Kulash, Jack Faucett Associates, Inc. 

This paper presents a method for forecasting long-run automobile sales. 
The method is structured so that alternative policies for improving 
automobile fuel economy can be analyzed. The core of this forecasting 
procedure embodies two equations: one for estimating total new auto-
mobile sales in some future year, and one for detailing the composition, 
by vehicle size class, of total sales. Several secondary equations are 
used to introduce the effects of population and affluence into the fore-
casting process, to combine the various costs associated with owning 
and operating a vehicle, and to estimate the rate at which vehicles are 
retired from service. Application of the procedures described here re-
quires detailed consideration of the automobile fleet composition 
throughout each year of the forecast period. This paper is confined 
to the sales projection components of that process and does not at-
tempt to describe the extensive fleet accounting mechanism that has 
been developed in order to apply this component. 

OBJECTWE 

A wide range of programs including voluntary measures, 
standards, restrictions, and taxation policies have been 
proposed to help restrain future automobile gasoline 
consumption in the United States. In comparison to pol-
icies that would require substantial government involve-
ment in .the automobile market, steps that would improve 
the fuel economy of new automobiles find broad support 
because of their relatively minor impact on automobile 
ownership, ease of travel, and life-styles generally. 
There are, however, numerous alternative steps of this 
sort, and the implications of each are extremely difficult 
to project. This difficulty springs from the durability 
of the automobile stock, and the correspondingly long 
lags inherent in introducting a fleet with improved gaso-
line performance. Since about half of the automobile. 
gasoline in this country is consumed by automobiles 
that were manufactured 4 or more years ago, policies 
that are tied tonew vehicles alone can be evaluated re-
alistically only by comparing their long-run effects. 
Furthermore, automotive technology cannot be changed 
rapidly and the timing and feasibility of potential fuel 
economy improvements are surrounded by considerable 
uncertainty. Public policy adds to the uncertainty. For 
example, the feasibility of diesel and stratified-charge 
engine technology is dependent on environmental policy 
as well as market and production factors. Finally, 

shifts in consumer automobile purchasing and travel pat-
terns could reshape future patterns of gasoline consump-
tion, and those factors are themselves heavily influ-
enced by overall economic conditions, automobile in-
dustry pricing and marketing practices, gasoline prices, 
and numerous other forces. 

To deal consistently with the interactions between 
technology, public policy, the automobile industry, and 
the marketplace, a modeling approach is virtually man-
dated: The intricacy of the task is far beyond that sus-
ceptible to casual estimation. At the same time, many 
elements of this process are poorly understood and in-
adequately documented, so that judgment can and must 
play a key role even within the context of an analytic 
model. 

The approach presented in this paper represents a 
blending of many elements, some susceptible to rigorous 
analytic estimation and validation, some dependent on 
judgments tempered by review of past trends and rela-
tions, and some that combine the two. 

Realizing the environment for which this methodology 
has been designed is critical to understanding the struc-
ture of the procedures developed. This model has been 
designed to predict long-run automobile demand, travel 
demand, and gasoline consumption as a function of 
policy-induced shifts in new automobile prices, new 
automobile fuel economies, and gasoline prices. Some 
of the implications of this context are sketched below. 

Reliance on a Predictable or Controllable 
Basis 

The procedures presented here are part of a long-range 
forecasting model. Many forces that operate throughout 
the forecasting period will influence the accuracy that 
they achieve. Economic theory, statistical techniques, 
and logic can help to identify the causes of observed 
market behavior in the past, and a realistic projection 
of future automobile market behavior must reflect these 
key events and factors —but only if they themselves can 
be reliably predicted or controlled. It is meaningless 
to base automobile projections on forces that cannot be 
charted with any greater reliability than automobile own-
ership, vehicle -kilometers, or gasoline consumption. 
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The other side of the coin is that those factors tied 
to the automobile market that are predictable should be 
exploited by forecasting methodology, as should those 
that would be controlled by the public policies being 
analyzed. The population of drivers, for example, can 
be predicted with reasonable certainty since the persons 
eligible to drive in 1990 were born before 1975, and the 
population of drivers in 2000 will be dictated for the 
most part by the fertility rate during the next 10 years. 

Responsiveness to Fuel Economy Policy 

Some of the proposed policies for conserving fuel would 
markedly alter new automobile prices, new automobile 
fuel economies, or gasoline prices. Because fuel econ-
omy differs substantially among vehicle classes, com-
parative policy evaluation requires that the composition 
of the automobile fleet be projected as well as its over-
all size. 

Comparative Policy Evaluation 

The model described here is intended to help design ef-
fective fuel economy policies. Ultimately, its function 
is to help to choose one course of governmental action 
as opposed to others, and its value is its ability to direct 
policy makers to the best policy choice. In this role, 
prediction errors that misrepresent'the relative impacts 
of alternative policies are likely to be more dangerous 
than those that distort all projections proportionally. 

Necessity for Extrapolation Beyond 
Past Experience 

Given recent developments in the economy and the auto-
mobile industry in particular, it appears likely that the 
future may bring vehicle prices, performance levels, 
fuel economies, and product choice that lie well outside 
the range of previous experience. Any projection of 
market behavior under such circumstances is neces-
sarily a hypothetical extrapolation. There are many 
bases on which such extrapolations might be made. The 
choice of the best form depends only partly on goodness 
of fit within the range of calibration: It also depends on 
the reasonableness of the underlying structure when ex-
trapolated outside the range of calibration. 

Although the lack of data is a frequently cited short-
coming throughout economic policy analysis, the defi-
ciency in this case derives from the lack of variation 
inherent in past experience, not from any failure to 
monitor and record behavior. Consequently, the ne-
cessity for extrapolation is inherent and not amenable 
to relief through additional data collection. 

Uncertainties Inherent in Basing 
Projections on Recorded Experience 

Twenty-five years ago imported automobiles were con-
versation pieces; today they account for more than 20 
percent of the new automobile market. In 1950 automo-
bile air conditioners, power steering, and power brakes 
were almost unheard of, and automatic transmissions 
were just being introduced. Today the majority of new 
automobiles sold have power accessories and more than 
9 out of 10 have automatic transmissions. 

Twenty-five years earlier—l925—marked the begin-
ning of automotive production and the widespread entry 
of the automobile into the American way of life. Twenty-
five years before that the automobile was virtually non-
existent. 

Predicting what will happen with respect to the auto-
mobile in the next 25 years is necessarily speculative  

and subject to forces that are impossible to predict. The 
next quarter of a century could well mark another era in 
automobile history. Breakthroughs in battery technology, 
deterioration of environmental quality, shortages of pe-
troleum products, and numerous other possible, largely 
unchartable factors could be the dominant forces in shap-
ing the future of this industry. At one extreme is the 
two -automobile strategy: internal-combustion -engine - 
powered intercity automobiles and small, fuel-
conserving, environmentally benign intracity automo-
biles. An opposite extreme, in terms of sales behavior, 
could be reached by breakthroughs in durability—automo-
biles that have a lifetime of two or more times that of 
current vehicles. Both of these outcomes are not im-
possible within a 25-year time frame, and each would 
diverge in opposite directions from the base line implicit 
in extrapolating the automobile market trends of the last 
10 to 15 years. 

Nevertheless, if any future state of the automobile 
market is to be selected as the most likely, it appears 
at this stage to be one that resembles the last 25 years, 
at least in the general role that the automobile plays in 
daily life. This is not to say that design, propulsion sys-
tem, size, fuel economy, power accessories, safety 
equipment, or antipollution technology will remain un-
changed. On the contrary, significant alterations in 
these areas are likely and will be reflected by inputs to 
the model. Changes that would revolutionize the role of 
private transportation, however, are not assumed to lie 
ahead in this century. Correspondingly, the forecasting 
methodology to be presented here assumed that the role 
that the automobile has played in the past quarter cen-
tury is likely to pervade future experience as well. 

BACKGROUND 

Population and Automobile Ownership 

The size of the nation's automobile fleet is obviously 
closely related to its population and to its driving -age 
population in particular. However, during the last quar-
ter century the automobile fleet has grown much more 
rapidly than population, as evident from the statistics 
given in Table 1. Automobile ownership per capita has 
almost doubled since 1950, and new automobile sales per 
capita have increased by nearly a quarter since then. 
Thus, population growth by itself falls far short of ex-
plaining the growth record of the automobile industry. 
Changing life-styles and increased consumer affluence 
have also played significant roles in that growth. 

Affluence 

Real disposable income per capita in the United States 
grew by an average of 2.3 percent per year between 1950 
and 1975, a total increase of more than 75 percent during 
that period. As consumer incomes grew, so did automo-
bile sales per capita. However, the automobile owner-
ship by income group has been relatively constant over 
time (Table 2, 1). Although this pattern is probably not 
representative of the early fifties, it appears to have 
been remarkably unchanged since the early sixties. 

The automobile ownership by income relation may be 
described by the following relation, estimated for the 
above 1970 data: 

4743 
H1  = 0.01786 	 -2 r = 0.983 	 (1) 

where 

H = average automobile ownership per household 
of income I, and 
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I = income in 1967 constant dollars. 

This relation has significant implications for long-
run forecasting. As real income increases, so does 
the average number of automobiles owned, but at an 
ever thminishing rate. Thus, as the nation's families 
pass through the middle income regions, their automo-
bile ownership will grow rapidly. But as they approach 
the upper income categories, the rate of growth will 

Table 1. Automobile ownership and sales per capita. 

Population Now Automobile 
15 to 73 Years Automobiles Sales per 

Year of Age per Capita Capita' 

1950 106 966 000 0.309 0.059 
1960 118 282 000 0.454 0.056 
1970 138 323 000 0.549 0.061 
1973 146 041 000 0.575 0.079 

Per capita statistics are based on the population in the 15 toll year age group 
Population data are based on the U.S. Census; automobile data were computed 
from Automotiee News. 

Table 2. Automobile ownership by income 
group. 

Avg Number of 
Automobiles 
Owned per Family 

Avg Family Income 
($) 1960 1970 

1 000 0.281 0.297 
1 000 to 1 999 0.426 0.426 
2 000 to 2 999 0.638 0.609 
3 000 to 3 999 0.802 0.693 
4 000 to 4 999 0.893 0.840 
5 000 to 5 999 1.046 0.890 
6000to7499 1.122 1.093 
7 500 to9 999 1.271 1.323 
10000 to 14 999 1.596 
als000 ' j l. 1.890 

locomes are reported in nominal dollars 

Figure 1. Automobile ownership versus household income. 
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Table 3. Changes in related factors. 

Item 	 1950 	1970 

Population, percent 
Living in urban places 	 64.0 	73.5 
24 years old or younger 	41.6 	45.9 

Federal-aid highway, km 	 1 032 000 	1 480 000 
Female labor force, 

as percentage of female population 31.4 	42.6 
Avg household size 	 3.37 	3.17 

begin to slow. This suggests a sort of "income satura-
tion," an effect that is further illustrated in Figure 1 (2). 
As household incomes rise to about $5000, first automo-
bile purchases rise rapidly. As they increase from 
$5000 to $10 000, a tendency toward ownership of two 
automobiles swings into dominance. Somewhere between 
$12 000 and $18 000 marks the threshold of three-or-
more automobile ownership, but even at the high end of 
the income scale relatively few households (about 20 per-
cent) select this course of action. The relative con-
stancy of the curves at incomes above $20 000 implies 
that automobile needs are almost completely served at 
that point and that further increases in income are 
matched by little additional automobile ownership. 

Life -Styles 

Many changes in American life-styles in the last quarter 
century have influenced automobile travel needs. As re-
flected by data in Table 3 (3,4,5), thecontinued influx 
of population into cities, the rise of the suburbs, the 
boom in second homes, the increasing percentage of 
women entering the labor force, and the development 
of the Interstate highway system are a few of the de-
velopments that have altered automobile travel and ulti-
mately automobile sales during the last quarter century. 

Shifts in the social structure during the next quarter 
century could have a significant bearing on the role of 
the private automobile during that time. These shifts 
are difficult to predict, and their influence on automo-
bile travel and sales is often poorly understood. Con-
sequently, the effect of changing life-styles can make 
only a limited contribution to long-term forecasting rel-
ative to the automobile. 

These are distinct differences in automobile owner-
ship and usage patterns as a function of household loca-
tion. Various censuses during the last 15 years have 
shown automobile ownership by suburban residents to 
be about 25 to 40 percent higher than for center city 
dwellers. There are also sharp differences in automo-
bile ownership and use at the regional level. In New 
York City, where the costs of owning and operating an 
automobile are high and the public transportation is rel-
atively good, automobile ownership is only 60 percent of 
the national average. Because of comparatively minor 
changes predicted in the distribution of population be-
tween now and 2000, these differences in automobile be-
havior by various geographic groups have a minor bear-
ing on the nation's overall automobile fleet and its gaso-
line consumption. Furthermore, any loss of accuracy 
due to lack of geographic refinement is likely to be felt 
proportionally and not affect policy rankings. 

FORECASTll'G TECHNIQUES 

This section details the econometric equations that form 
the core of the automobile market projection methodology 
presented in this paper. It should be noted, however, 
that a large body of supporting computation is needed to 
apply these equations, which describe how automobile 
sales in some future year depend on the vehicle fleet 
that exists then as well as various economic and demo-
graphic factors. The composition of the future vehicle 
fleet is itself a function of automobile sales in previous 
years; in the case of long-term forecasts, the fleet com-
position is based heavily on projections of sales for 
earlier years of the forecast period. Thus, application 
of the procedures described here requires that the actual 
and projected population of vehicles at any future year be 
maintained by vehicle class and by model year detail and 
that scrappage and fleet size be computed on this detailed 
basis. 
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The calculation of fleet size and composition repre-
sents the bulk of the computational effort needed to use 
the methodology presented here. This computation is 
routine and straightforward, and details on it have been 
omitted in this paper so as to emphasize the market 
forecasting equations themselves. 

Automobile Sales 

As noted in the previous section, automobile ownership 
by real income group has held fairly constant since the 
early sixties. This ownership pattern can be used to 
obtain a rough estimate of the total fleet size as a func-
tion of the income distribution: 

O = E H1  Pit  R1 	 (2) 

where 

O' = target national automobile ownership, year t; 
H 1  = automobile ownership per household of income 

I, as defined in equation 1; 
Pit  = fraction of total household having income I, 

year t; 
Rt  = total number of households in the United States, 

year t; and 
I = household income, the summation being made 

across all income groups. 

Some automobile sales represent extensions to the 
previous fleet; others represent replacement of existing 
vehicles. If the total number of vehicles that are 
scrapped in a given year is Dt  and if the total fleet 
size before they are scrapped is A, then the gap be-
tween the actual fleet size and the target fleet size 
would be O' - A + D. This expression is adopted 
here as an index of consumer need for new automobiles 
based on population and affluence considerations. It 
will be combined with price factors, as described be-
low, to form a structure for estimating new automobile 
sales. 

Historic vehicle prices, although a tangible and mea-
surable concept, present problems for statistical infer-
ence. Automobile prices, gasoline prices, and fuel 
economies all have a bearing on the overall cost of own-
ing and operating a vehicle. But during the last 15 
years, these three measures have all changed in highly 
interrelated ways, as reflected by simple correlation 
coefficients among them of 0.9 or greater. These in-
terrelations make it difficult to use statistical tech-
niques to separate the impact on sales of one price ele-
ment relative to the others. On the other hand, auto-
motive fuel economy policy proposals would influence 
various combinations of each of these elements, making 
it essential that the effect of each be isolated. 

To bridge the gap between analytic requirements and 
statistical capability, a concept of generalized price 
was applied by which the three price elements were 
collapsed into a single measure, largely on theoretic 
grounds. The generalized price is defined by 

Y,t  = C + bG1/F,1 	 (3) 

where 

= generalized price of new vehicle of class c, 
year t, 

= price of new vehicle of class c, year t, 
Gt  = price of gasoline, year t, dollars per liter, 
F,1  = fuel economy of new vehicle of class c, year t, 

kilometers per liter, and 
b = 52 853, a constant that reflects the lifetime,  

discounted, perceived automobile -kilometers. 

That is, the generalized price is simply the automo-
bile purchase price plus the gasoline operating cost corn-
\puted for the lifetime of the car. The gasoline cost com-
ponent is based on historic trends in vehicle-kilometers 
by age of vehicle. These trends are supported by the 
Federal Highway Administration study (2, Vol. 2, p.  14). 
These gasoline expenditures have been discounted at an 
annual rate of 10 percent to account for the fact that 
some of them will occur in future years. The discounted 
lifetime gasoline cost thus computed is then reduced by 
20 percent to allow for incomplete consumer perceptions 
of this element at the time of vehicle purchase. The 
following equation was then estimated for new automobile 
sales: 

= 286 721 (Or- At  + D1)02178  (X)17039 	 (4) 

(3.8325) 	 (1.307) 	(-3.862) 

r2 = 0.7807 	D.W. = 1.177 
SEE. = 0.0417 	 df= 11 

where 

Nt  = new automobile sales, year t; and 
X = index of average generalized price for all ve-

hicle classes, year t (1967 = 1.00). 

Based on this equation and the associated adjustment 
mechanism, the following elasticities of new automobile 
sales to price were computed: 

Term Period Price Elasticity 

Short 1 year -1.23 
Medium 5 years -0.78 
Long 9 years -0.68 

Mrkct Shrs 

Before historic evidence is analyzed with respect to auto-
mobile market shares by size class, a decision must be 
made on how vehicles should be grouped into shares. Al-
though the automobile industry, consumers, and govern-
ment agencies have developed automobile classifications 
for various purposes, there has not been any consistent 
definition of vehicle classes over time. Any division of 
the automobile market into a few classes involves some 
loss of essential detail. Grouping vehicles by fuel econ-
omy leads to classes that are heterogeneous with re-
spect to market image, and grouping vehicles on the 
basis of price leads to classes that have high variability 
in terms of fuel economy. Of several vehicle character-
istics tested in preparation for the analysis described 
here, weight appeared to provide the best framework for 
structuring vehicle categories: It tended to balance the 
problems of price and fuel economy variance within cat-
egories, and it exhibited a stable trend over time. The 
following weight classes were selected (1 kg = 2.2 ib): 

Class Weight (kg) 

Small <1386 
Medium 1386to 1591 
Large >1591 

Past automobile sales were assigned to these classes, 
and sales-weighted prices and fuel economies were com-
puted for each class and model year. The supporting 
data were taken from the 1960-1975 almanac issues of 
Automotive News. 

Based on these data, a logit structure was estimated 
by using data from 1963 to 1973. This form includes a 



18 

lagged share term since experience shows that con-
sumers have a tendency to make successive purchases 
of the same class of vehicle, especially in the case of 
large automobile owners, as shown below (6): 

Percentage Repurchasing 
Class Same Class of Vehicle 

Small 47.82 
Medium 38.83 
Large 84.90 

The form of the share equation estimated is 

In ( Q'  
) 	

+ai(Dix)+a2(D2xr)+a3(D3x
i -Q 

+ a4  (I) X) + a5  (1)3  X) + a6  (D1  X 

+a7(D3Xr) + a8(D1X) + a9 (D2 XtL) 

+a10(D1 Q 1) a11(D2Q1)  + a12(D3Q 1) 	 (5) 

where 

Q = market share of class c (c = small, 
medium, and large), time t; 

Xst  = ratio of generalized price of small 
automobiles to generalized price 
of all automobiles, time t; 

X = ratio of generalized price of me-
dium automobiles to generalized 
price of all automobiles, time t; 

XL 
t = ratio of generalized price of large 

automobiles to generalized price 
of all automobiles, time t; 

D1 = dummy variable with value of one 
for small automobile observations 
and of zero otherwise; 

D2  = dummy variable with value of one 
for medium automobile observa-
tions 

bserva-
tions and of zero otherwise; 

D3  = dummy variable with value of one 
for large automobile observations 
and of zero otherwise; 

(Q1) = previous year's market share; and 
ao, a11, ..., a13  = coefficients to be estimated. 

The coefficient estimates for the market shares model 
were as follows: 

( Q
)=-4.1749-1.8660(DI X )-2.076s(D2 Xr) 

(.2.9858) (-I .7728) 	(0.6095) 

- 0.4299(D3 X) + 3.5450(D2  X) + 3.5093(D1  X) 

(0.2651) 	(2.3772) 	(2.1 158) 

+ 1.811 7(D3  X) + 0.2589(D2  X) + 5.6428(Q) 	( 
(0.9024) . 	(0.1103) 	(5.5060) 

	

r2  = 0.9473 	D.W. = 2.3907 

	

S.E.E. = 0.2203 	 df= 21 

All of the estimated coefficients are of the theoret-
ically correct sign: Own-price variables have negative 
coefficients, while cross-price variables have positive 
coefficients. Two cross-price variables, small auto-
mobile prices on large automobile shares, have been 
omitted from the final specification because they almost 
invariably appeared with perverse signs and extremely 
low t-statistics. It was assumed, therefore, that the  

price elasticity between nonadjacent shares was zero. 
Also, the lag structure for market shares has been con-
strained to be the same for each class of automobile 
simply because such a lag structure performed better 
than the unconstrained version. Finally, although the 
estimated own-price coefficients for medium automobile 
shares and large automobile shares are only significant 
at a 25 percent and 40 percent level of error respectively, 
they are retained nonetheless under the reasonable theo-
retical belief that market shares are in fact affected by 
the prices of vehicles in that class. The cross-price 
coefficient for large automobile prices on medium auto-
mobile shares is thus also retained for logical consis-
tency with the effect of large automobile prices on the 
large automobile market share. 

The three separate market share equations in their 
final form are as follows: 

Qt = 	+exp-[-4.1749- 1.8660(X)+3.5093(x) 

+ 5.6428(Q.01} 	 . 	(7) 

Qr = i/{i + exp - [-4.1749 - 2.0765(Xr ) + 3.5450(X) 

+ 0.2589(X) + 5.6428(Q)]} 	 (8) 

= i/{ 1 + exp - [-4.1749 - 0.4299(X) + 1.8117(X) 

+ 5.6428(Qi)]) 	 (9) 

These imply that the medium automobiles are more 
price elastic than large ones and that small automobiles 
are the most price elastic of all. 

The logit functional form has the advantage of ensur-
ing that fitted values of market shares from the three 
final equations will fall between zero and one. However, 
there is no assurance that the projections of the three 
shares will sum exactly to one in spite of the interde-
pendence of the three equations that are linked by cross-
price sensitivities. Ex post normalization of the shares 
must be carried out so that all three shares sum to unity. 

Scrappage 

Historically, vehicles have been retired from use at a 
rate that increases as the vehicle ages, up to about 11 
years old. At that point, the average retirement rate 
holds roughly constant around 30 percent per year. The 
average scrappage rates for the last 14 years form the 
basis for the scrappage function employed within the 
model presented here, although vehicle prices and eco-
nomic conditions are taken into account also, as de-
scribed below. 

Because of the flattening out of the scrappage function 
for automobiles 11 years or older, the average of the 
scrappage rates from years 12 to 15 was assumed to 
hold for vehicles 14 years old and older. 

To the degree that vehicle prices and macroeconomic 
conditions influence vehicle scrappage decisions, this 
influence is apt to be disproportionately felt by older ve-
hicles. Most scrappage is attributable to vehicles 9 
years old or older. Even a proportional change in the 
scrappage rate for each age of vehicle would result in 
greater absolute changes among the older vehicles. 
Since economic factors lead to temporary postponements 
in scrappage among marginally economic vehicles, the 
automobiles most likely to be affected will be found 
among the oldest segment of the automotive stock. 

To isolate the effect of economic conditions on ve-
hicle scrappage, one would ideally examine their effect 
on each vintage of vehicle individually. Unfortunately, 
because of the number of parameters implicit in such 
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an approach, many years of vehicular history would be 
needed, and estimates based on distant automotive 
scrappage history are not appropriate because of dura-
bility changes and shifts in consumption patterns that 
have evolved in recent years. 

Instead of a process that alters the scrappage func-
tion for each vehicle age group individually, the ap-
proach presented here examines in aggregate that group 
of vehicles where most scrappage occurs, namely, ve-
hicles 9 years old or older. All vehicles in this group 
were combined for purposes of estimation, and their 
scrappage rate was formulated as a function of new 
automobile prices and the unemployment rate. 

Scrappage might be expected to vary with new auto-
mobile prices for several reasons. As new automobile 
prices rise, new automobiles become less accessible, 
creating a tendency to postpone new automobile pur-
chases and to make do with existing stock. Alterna-
tively, new automobile prices are observed to be pos-
itively correlated with used automobile prices so that 
a rise in new automobile prices may lead to an increase 
in used automobile prices because of shifts in the eco-
nomics of consumer repair-replace decisions. 

The unemployment rate was included because, a 
priori, it was expected that temporary shifts in macro-
economic conditions were likely to have a strong influ-
ence on whether consumers made their automobile pur-
chases ahead of or behind some average schedule. The 
unemployment rate seemed to be among the most visible 
and volatile of the cyclical macroeconomic variables, 
making it a logical choice to serve as a barometer of 
prevailing economic moods. 

The equation estimated for scrappage as a function 
of new automobile prices and the unemployment rate, 
based on experience since 1961, is shown below. 

	

Z,=0.40675-0.078433C,t  -0.015519U 	 (10) 

(9.856) 	(-1.911) 	(.3.052) 

= 0.6587 	D.W. = 1.9087 
S.E.E. = 0.01544 	 df= 10 

where 

Z 	= scrappage rate for vehicles of class c 9 years 

	

old or older, year t; 	 - 
= index of real price of new automobiles of class 

c, year t (1967 = 1.00); and 
Ut = unemployment rate, year t. 

The signs of both variables in the above equation appear 
rational; that is, an increase in new automobile prices 
tends to diminish scrappage of old automobiles, and an 
increase in the unemployment rate also tends to dimin-
ish scrappage. 

The above equation is used to adjust the average 
scrappage rates for vehicles 9 years of age or older. 
It is divided by the mean rate for vehicles in that group 
to determine a relative scrappage factor, which is then 
used to adjust the average scrappage rate for each ve-
hicle class and age group. D, the scrappage used in 
equation 4, is computed by using these adjusted scrap-
page rates by class and model year. Since this proce-
dure is applied individually to each market class, t al-
lows unusual price changes in any single class to be 
reflected by retirements in that class only. For ex-
ample, an increase in the price of large automobiles 
would lead to diminished scrappage of large automo-
biles while small and medium automobile scrappage 
would be unaffected. 
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AND SAFETY 

Clarence W. Friesen, Program Management Division, Federal Highway 
Administration 

This paper discusses section 107 of the 1974 Federal-Aid Highway Act, 
which designates state enforcement certification as a continuing prereq-
uisite for approval of federal-aid highway projects. The certification 
procedure requires that states submit summaries of speed data collected 
on highways on which the speed limit is the only constraint on speeds. 
The paper also discusses the effect that the 88.5-km/h (55-mph) speed 
limit has had on safety and fuel consumption. 

The national 88.5-km/h (55-mph) speed limit was orig-
inally,  instituted as a temporary measure in response 
to the severe fuel shortage that occurred in late 1973. 
This requirement, established as part of the Emergency 
Highway Energy Conservation Act of January 2, 1974, 
resulted in significant reduction in travel speeds on fa-
cilities that previously had higher speed limits. At the 
same time there was a noticeable decline in total travel, 
especially pleasure and recreational travel. In addition, 
traffic fatalities substantially declined, which may be 
attributed, at least partly, to the slower speeds. 

The reduction in accidents and fuel consumption in-
duced Congress to establish the 88.5-km/h (55-mph) 
speed limit as a nationwide permanent measure. Sec-
tion 107 of the 1974 Federal-Aid Highway Act, desig-
nates state enforcement certification as a continuing 
prerequisite for approval of federal -aid highway proj - 
ects. As part of the certification procedure, states are 
asked to submit summaries of speed data collected on 
highways on which the speed limit is the only constraint 
on motorists' speeds. These summaries will provide a 
measure of the public's compliance with the law and the 
effectiveness of enforcement efforts. 

Before discussing speed monitoring, perhaps I should 
briefly discuss the effect of lower speeds on safety and 
fuel consumption. The 1973 fuel shortage illustrated 
how much 'our society is dependent on an adequate pe-
troleum supply. Despite the subsequent easing of the 
crisis, those knowledgeable on the subject are con-
vinced that we must conserve on petroleum products 
and learn to use them more efficiently. Accepting these 
facts, why should such an apparently heavy burden be 
placed on the transportation sector and on highway ve-
hicles in particular? Consider the following: 

1. Approximately 60 percent of the liquid fuel con- 

sumed in the United States is used for transportation 
purposes; 

Within the transportation sector, highway ve-
hicles are the major consumer, accounting for nearly 
40 percent of all the petroleum used in the United States; 

Petroleum requirements for transportation doubled 
between 1954 and 1974; 

Of the more than 3.86 trillion person-kilometers 
of travel (2.4 trillion miles) annually in the United States, 
92 percent is by automobile; and 

Of all travel in the United States, 70 percent is 
by automobile. 

Obviously, motor vehicles are of paramount signifi-
cance in U.S. fuel conservation efforts because they are 
the predominant users (Table 1). In 1974, gasoline con-
sumption was a staggering 1082.7 km3/day (6.81 million 
bbl/day), of which passenger automobiles accounted for 
785.4 km3/day (4.94 million bbl/day). Trucks used 223.7 
km3/day (1.47 million bbl/day). The nation's 105 million 
automobiles, 26 million trucks, and 400,000 buses con-
sumed nearly 405 billion liters (107 billion gallons) of 
petroleum in 1974. 

How, then, do we go about realizing a significant re-
duction of fuel consumption from motor vehicles? The 
government has challenged the automobile industry to 
achieve a 40 percent improvement in fuel efficiency by 
1979, an improvement to average passenger automobile 
performance of nearly 47 km/liter (20 mpg). More im-
mediate results may be obtained if motorists can be con-
vinced to practice good driving habits—including compli-
ance with the 88.5-km/h (55-mph) speed limit. Tests by 
the Federal Highway Administration (FHWA) show im-
provements in automobile fuel economy ranging from 
11.8 to 28.5 percent by driving at 88.5 km/h (55 mph) 
rather than at 112.6 km/h (70 mph), depending on the 
size of the automobile (Table 2). About half of all 
vehicle-kilometers are driven under conditions in which 
speeds above 88.5 km/h (55 mph) are possible. The po-
tential savings if 90 percent of the motorists comply with 
the national speed limit are estimated at 318 km3/liter 
(200 000 bbl) of gasoline per day (Table 3). Another re-
cent FHWA study also shows that significant fuel econ-
omies can be realized when trucks operate at lower 
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Table 1. 1974 gasoline consumption. Table 2. Gasoline consumption ratesof four automobile classes. 

Consumption Consumption Speed Subcompact Corn act Standard Luxury 

Vehicles (km'/day) 	Vehicles (krn'/day) (km/h) (km/liter) (kmJiter) (km/liter) (km/liter) 

Passenger cars Trucks 223.7 48.3 13.4 9.1 8.6 7.8 

Work 279.8 	Farm vehicles 31.8 64.4 15.0 9.1 8.5 8.2 

pleasure 216.2 	Other uses 31.8 80.5 14.0 8.0 7.4 6.6 

personal business 162.2 	T 1 o a 1072 7 88.5 13.6 7.7 7.2 6.3 
Business, government 1.27.2 . 96.6 13.1 7.4 6.9 6.0 

112.6 9.7 6.5 6.3 5.4 
Subtotal 785.4 

Note: 1 m' = 6.29 bbl 
Note: 1 km/h = 0.62 mph; 1 km/liter 2.35 mpg. 

Table 3. Estimated annual gasoline savings of four automobile classes traveling at 88.5 km/h instead of 112.6 

km/h. 

Subcompact 	 Compact Standard Luxury 
Dlstance 

Trip 	(km) Liters 	Dollars 	Liters Dollars Liters Dollars Liters Dollars 

Work 	24.1 117.3 	17.05 	98.4 14.30 75.7 11.00 109.8 15.95 
32.2 257.4 	37.40 	193.0 28.05 151.4 22.00 219.6 31.90 
48.3 511.0 	74.25 	382.3 55.55 299.0 43.45 435.3 63.25 
64.4 768.4 	111.65 	571.6 83.05 450.5 65.45 651.1 94.60 

All 	24.1 276.3 	40.92 	234.7 34.32 181.7 26.40 265.0 32.28 
32.1 617.0 	89.76 	458.0 67.32 363.4 52.80 526.2 76.52 
48.3 1226.5 	178.20 	916.1 133.32 715.4 104.28 1044.8 151.80 
84.4 1843.5 	267.96 	1370.3 199.32 1082.6 157.08 1563.4 227.04 

Note: 1 km 0.62 miles; 1 liter 0.26 gal. 

Trips of 16.1 km (10 miles) are considered to be urban or suburban, where speeds as high as 88.5 km/h (55 mph) cseeot be achieved 
5Gasoline costs are computed at 14.5 d/liter (55 dlgal). 

Table 4. Traffic fatalities in 1973 and 1974. 

Month 1974 1973 
Change 
(4) Month 1974 1973 

Change 
() 

January 2950 3834 -23.1 July 4320 5156 -16.2 
February 2625 3479 -24.5 August 4537 5227 -13.2 
March 3192 4328 -26.2 September 4190 4899 -14.5 
April 3442 4454 -22.7 October 4371 5203 -16.0 
May 3732 4813 -22.5 November 4113 4410 -6.7 
June 4141 5135 -19.4 December 3868 3908 -1.2 

Note: December marked the fourteenth contecutiue month that traffic fatalities fell below the 
corresponding month a year earlier. December 1974 totals show a 19 percent decline from 
December 1972. 

speeds. The increase in fuel consumption between 80.5 
and 96.6 km/h (50 and 60 mph) ranged from 6.8 to 20.6 
percent for the vehicles tested. 

An additional benefit of slower highway speeds is in-
creased safety. During the 1973 fuel crisis and subse-
quent temporary 88.5-km/h (55-mph) speed limit, traf-
fic fatalities decreased remarkably. The 1974 highway 
traffic toll dropped to 45 500 fatalities, 17 percent below 
that in 1973, the fewest number of highway deaths since 
1963 (Table 4). The fatality rate declined from 4.3 to 
3.56 deaths per 160.9 million vehicle-kilometers (100 
million vehicle-miles). There were those who attrib-
uted this safety improvement merely to the decrease in 
vehicle -kilometers of travel caused by the shortage of 
gasoline. Fatality statistics recently released for 
August 1975 tend to support the premise that lower 
speeds are responsible for decreased traffic fatalities. 
Although total travel was at or above estimates for 
August 1973, traffic fatalities in August 1975 dipped 
15 percent below the level for 1973 (Table 5). The 
death total was 4 percent below that for the same pe-
riod in 1974. Lower speeds save lives by preventing 
accidents-increasing reaction and evasion time-and 
by reducing the severity of injury in what might be le-
thal accidents if they occurred at higher speeds. The 
88.5-km/h (55-mph) speed limit, instituted to save fuel,  

is proving to be a most effective action, in saving lives 
on the highway. 

New regulations implementing the national 88.5-km/h 
(55-mph) speed limit require the submission of certain 
speed data summaries as part of a state's annual certi-
fication package. These speed data should be useful at 
both the state 'and federal levels. At the federal level, 
they will provide a measure of the compliance with the 
speed limit as well as an indication of enforcement ef-
fectiveness. At the state level, speed data from indi-
vidual station locations, along with accident data, should 
be useful in planning the efficient use of available en-
forcement. 

If the speed summaries are to be the useful tools an-
ticipated, data must be both accurate and representative 
of conditions to be found throughout the individual states. 
Also data collection techniques used by the states should 
be consistent. To this end, FHWA has developed the 
Procedural Guide for Speed Monitoring, which was dis-
tributed on September 25, 1975. The purpose of the 
guide is to describe an approach for use by states in 
establishing a comprehensive speed -monitoring program. 
Virtually all aspects of the activity are examined, from 
sampling to data collection and analysis. Accuracy and 
reliability standards that the states must follow for the 
data summaries are presented. Sampling methods that 
may be followed are described in sufficient detail to 
allow a state to set up its sampling scheme. In addition, 
detailed guidelines for the preparation of the speed data 
portion of the annual certification package are presented. 

The objective of the speed -monitoring program is to 
produce summary statistics, classified by highway type 
(Interstate rural, Interstate urban, other multilane di-
vided rural and urban, major nonindividual rural), that 
include average speed, median speed, 85th percentile 
speed, and percentage of vehicles exceeding 88.5, 96.6, 
and 104.6 km/h (55, 60, and 65 mph). Statistics sub-
mitted annually will be for a 12-month period ending on 
September 30. 

The following objectives should be the basis for any 
sample design: 
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Table 5. Estimates of traffic fatalities by state. 

State August 1973 August 1974 August 1975 State August 1973 August 1974 August 1975 

Alabama 110 80 93 Nevada 31 24 21 
Alaska 4 13 16 New Hampshire 8 30 22 
Arizona 105 78 45 New Jersey 133 112 83 
Arkansas 61 54 52 New Mexico 77 61 56 
California 454 408 369 New York 283 260 267 
Colorado 84 67 64 North Carolina 177 156 188 
Connecticut 38 41 45 North Dakota 26 14 16 
Delaware 12 22 11 Ohio 221 127 229 
District of Columbia 4 6 9 Oklahoma 70 85 61 
Florida 207 202 154 Oregon 66 89 51 
Georgia 170 137 156 Pennsylvania 193 216 216 
Hawaii 16 16 14 Rhode Island 11 13 8 
Idaho 48 34 37 South Carolina 87 87 76 
Illinois 231 210 233 South Dakota 44 30 26 
Indiana 149 113 74 Tennessee 118 118 75 
Iowa 104 71 56 Texas 380 341 293 
Kansas 83 53 60 Utah 34 19 35 
Kentucky 90 86 70 Vermont 19 10 17 
Louisiana 108 82 85 Virginia 97 101 112 
Maine 26 20 39 Washington 101 91 82 
Maryland 68 62 43 West Virginia 57 43 50 
Massachusetts 97 86 70 Wisconsin 116 94 108 
Michigan 201 178 208 Wyoming 30 25 28 
Minnesota 106 93 77 
Mississippi 86 54 53 T tal 5241 4616 4434 
Missouri 130 116 105 Change, percent 
Montana 28 45 40 From 1973 -15.4 
Nebraska 42 43 . 36 From 1974 -3.9 

Note: These estimates were adjusted by the National Highway Traffic Safety Administration based on early state reports and in some cases may differ slightly from preliminary 
figures published by the states. 

Speed data should be collected under conditions 
in which the 88.5-km/h (55-mph) limit is the primary 
constraint on vehicle speeds; 

The sample should include all major types of 
state highways and all types of vehicles; and 

Only free-flowing vehicles should be included 
in the data sample. 

The following criteria are recommended: 

For both individual sampling sessions and state - 
wide, significance level of 5 percent of all statistical 
estimates; 

. For individual sampling sessions, average speed 
within ±1.6 km/h (1 mph) and all proportions to within 
±5 percent; and 

Statewide estimates of average speed by highway 
type to within ±3.2 km/h (2 mph) and all proportions 
within *5 percent. 

The guide describes a sampling scheme using a 
small number of locations where measurements are 
made quarterly and a large number of locations where 
they are made once a year. Sampling locations should 
be selected to be representative of the entire state. 
Existing study locations should form a basis for this 
new data collection effort. 

The goals of this program are the conservation of 
fuel and the saving of lives. The result of the speed-
monitoring program is merely a means for measuring 
the effectiveness of our enforcement and public educa-
tion programs. The most important and difficult part 
of this campaign is to convince motorists that compli-
ance with the national speed limit is to their best inter-
ests. 
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Vincent J. Esposito, Office of Vehicle Safety Research, National Highway 
Traffic Safety Administration 

The vehicle safety research of the National Highway Traffic Safety Ad-
ministration is leading to total vehicle concepts that will have a balance 
of safety, economy, energy conservation, and environmental protection. 
In 1968, the Experimental Safety Vehicle Program initiated the develop-
ment of the total vehicle system in which all aspects of safety including 
crash avoidance and crashworthiness were considered. Four experimental1 
safety vehicles were built in the United States, and nine were constructed 
in other countries. The next step is the Research Safety Vehicle Program, 
which has as its goal a vehicle that weighs less than 1361 kg (3000 Ib), 
that reduces the societal cost of automobile accidents in the 1985 time 
period, and that attains national goals in energy conservation, environ-

- mental protection, and life-cycle economy. The first phase of this pro-
gram defined the role and projected operating environment for passenger 
vehicles of the mid-1980s and developed performance specifications of a 
vehicle concept based on societal benefit studies. Fuel costs and kilom-
eters driven are expected to increase, but the percentage of family bud-
get for automobiles will not. This will result in the demand for a smaller, 
more efficient automobile, which will lead to a dramatic increase in the 
societal cost of small-automobile accidents. The preliminary designs of the 
research safety vehicles by the five contractors were based on those types of 
considerations. Features of the designs include low weight, optimized struc-
ture and restraints, and compatibility with vehicles of other sizes. 

The research efforts of the National Highway Traffic 
Safety Administration have two primary thrusts. The 
first is to reduce the frequency and severity of highway 
crashes by improving the characteristics of motor ve-
hicles, which influence the dynamic performance of the 
driver-vehicle system. We call this crash-avoidance 
research. The second is to reduce the frequency and 
severity of injuries, fatalities, and economic loss re-
sulting from accidents involving motor vehicles. We 
call this crashworthiness research. 

Our 8 years of experience working under motor ve-
hicle legislation has taught us that significant safety ad-
vances require carefully prepared federal rule-making 
action, baëked by authoritative, conclusive research 
and development. The more radical or innovative the 
proposed engineering change is, the longer the lead 
time and the more positive the proof of safety payoff 
have to be. 

NHTSA directs a substantial portion of its research 
and development program toward support of near -term 
rule-making actions that will affect automobiles of the 
1970s. We believe our rule-making strategy, backed 
by this research and development, will bring proven  

safety features to the public as soon as practicable. 
Recognizing, however, that major advances require 

longer lead times, we have intentionally focused a sig-
nificant portion of research on the longer range, more 
difficult total vehicle goals that we hope can be met by 
a new generation of vehicles in the 1980s and beyond. 
This longer range look at our total vehicle research and 
development is the subject of this paper. 

The background to our approach must begin with a 
discussion of our Experimental Safety Vehicle (ESV) 
Program, which began initially in 1968. It was aimed 
at demonstrating advanced safety concepts for a family 
sedan of the early 1970s time period and was our first 
activity in the total vehicle design area. 

The program considered all aspects of safety, includ-
ing crashworthiness and crash-avoidance features. In 
crashworthiness, the goal was to protect occupants from 
serious injury in crashes equivalent to a head-on barrier 
crash at 80 km/h (50 mph), side pole impact at 24 km/h 
(15 mph), and rollover at 113 km/h (70 mph) without re-
quiring active restraint systems or presenting unneces-
sary hazards to other vehicles. In accident avoidance, 
the goals were to meet stringent requirements for brak-
ing, steering and handling, lighting, visibility, and other 
features to aid the driver in avoiding crashes. The ve-
hicles were also designed to meet the 1973 federal emis-
sion standards. 

Experimental vehicles designed and built by four con-
tractors were tested by NI-ITSA. The contractors were 
AMF, Fairchild Industries, Ford Motor Company, and 
General Motors Corporation. 

The AMF design, shown in Figure 1, incorporated a 
tubular space -frame structure and a fiberglass skin. 
Crash energy was absorbed by hydraulic cylinders, which 
were attached to the high-strength bumpers. This ve-
hicle has survived numerous crashes into a barrier at 
80 km/h (50 mph). 

The Fairchild Industries ESV, shown in Figure 2, 
was based on a semimonocoque construction in which 
both the frame and metal skin were load-bearing ele-
ments. The front bumper was attached to hydraulic 
cylinders for crash-energy absorption. The vehicle in-
corporated acollapsible elastomeric nose, which pro-
vided a no-damage feature in low-speed impacts. This 
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feature has been used subsequently in production auto-
mobiles. 

The Ford ESV. shown in Figure 3, was based on a 
standard production automobile. It incorporated front 
and rear energy -absorbing bumpers for low-speed im-
pacts. High-speed impact energy was absorbed by a 
collapsing fixed-force structure such as convoluted 
frame sections and corrugated sheet metal. 

The General Motors ESV, shown in Figure 4, used 
a conventional structure, but substituted significant 
amounts of aluminum and vanadium alloy steel in order 
to provide the desired structural characteristics. High-
speed energy absorption was provided by programmed 
failure of structural elements. Low-speed impacts 
were accommodated by energy -absorbing bumpers, 
which were later incorporated in production automo-
biles. 

All of the ESV's incorporated antiskid braking sys-
tems and air -bag protection for the occupants. The 
family sedan ESVs were impractically heavy when 
judged by today's demands for fuel economy. However, 
many of the features of these vehicles can be seen in 
vehicles on the road today: energy -absorbing bumper, 
damage resistant "soft nose," and structural designs 
that are programmed to fail at a fixed force to provide 
crash-energy management. In addition, features such 
as air bags and antiskid braking are now available as 
optional equipment on several models and may become 
standard in the future. 

As the family sedan ESV program progressed, it be- 

came apparent that a broader participation of autosno-
bile manufacturers was desirable. Accordingly, the 
U.S. ESV program became the foundation for a broader 
international ESV program. Nine additional ESVs have 
been constructed under various memoranda of under-
standing between governments and industries (Table 1). 
The overseas manufacturers have been aggressive in 
adopting ESV features in their production automobiles. 
The following are examples of features that have reached 
production. 

Toyota has incorporated portions of the malfunc-
tion analyzer from its ESV (Figure 5) into an electrosen-
sor panel on its production automobiles. This panel 
(Figure 6) monitors key service areas and warns of 
troubles. 

Mercedes-Benz (Figure 7) has incorporated a 
number of ESV features on its production automobiles, 
including hydraulic regenerative shock absorbers. One 
of the other interesting features is the "corrugated" tail-
lights that stay bright by resisting dirt buildup through 
aerodynamic action. 

The July 1975 issue of Road and Track Magazine 
notes in a road test report, "Volvo, more than any 
other car maker, has jumped on the safety/damage-
resistance bandwagon and made it a product philosophy 
and marketing tool." The adaptation of ESV structural 
design is clearly evident in a comparison of its ESV 
(Figure 8) with the 240 series (Figure 9). According 
to Road and Track, the new structure gives the same 

Figure 1. AMF experimental safety vehicle. Figure 2. Fairchild experimental safety 
vehicle. 

Figure 3. Ford experimental safety vehicle. 

Figure 4. General Motors experimental 
safety vehicle. 

Ilk 

Table 1. International experimental safety vehicles. 

Country 	Vehicle 	 Weight (kg) 	Wheel Base (cm) 

Germany Mercedes 2097 285 
volkswagen 1452 280 

Japan Nissan 1248 255 
Toyota 1148 230 
Honda 772 235 

Italy Fiat 794 184 
Fiat 1167 245 
Fiat 1289 242 

Sweden Volvo 1443 270 

Note I kg 2.2 b; 1 cs 0.4 in. 

Figure 5. Toyota experimental safety 
vehicle. 

Figure 6. Toyota experimental safety 
vehicle panel. 

Figure 7. Mercedes.Benz experimental 
safety vehicle. 
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passenger compartment acceleration in 64 -km/h (40-
mph) barrier crashes as the old structure did in 48-
km/h (30-mph) barrier crashes. 

4. Volkswagen has also worked much of its ESV 
(Figure 10) occupant-protection performance into its 
new Rabbit model. The July 1975 Consumer Reports 
notes that the VW Rabbit did well on those safety-related 
factors that could be easily measured: handling, braking, 
control layout, and driver's view of the road. In addi-
tion, at the Fifth International Technical Conference on 
Experimental Safety Vehicles in London in 1974, VW in-
troduced crash-test data from experimental safety auto-
mobiles that were based on the Rabbit. The degree of 
occupant protection provided by those safety automobiles 
greatly exceeded present government requirements for 
production automobiles. Many of the design features of 
the safety vehicle have been incorporated into the Rabbit. 

The next step in the evolution of our systems ap-
proach is illustrated by the Research Safety Vehicle 

Figure 8. Volvo experimental safety vehicle. 

Figure 9. Volvo production vehicle. 

Figure 10. Volkswagen experimental safety vehicle. 

(RSV) Program. One of the lessons learned from the 
U.S. family sedan ESV project was that the next genera-
tion of safety vehicles must consider all major societal 
goals for the automobile, not safety alone. The RSV 
program considers societal goals in energy, economy, 
and environment as well as safety. The specific goals 
may be summarized as follows: 

The safety goal is to design a vehicle that weighs 
less than 1361 kg (3000 ib) and that will reduce to the 
maximum extent practical the societal costs of automo-
bile accidents in the 1985 time period. 

The energy goal is to achieve a fuel economy level 
0112.8 km/i (30 mpg) for the EPA-combined cycle. 

The economy goal is to impose careful constraints 
on production and maintenance costs and to produce for 
features included on the RSV a societal benefit that is 
greater in value than the life-cycle cost of the feature. 

The environment goal is to have a vehicle that 
meets or exceeds the 1977 EPA emission standards. 

Phase 1 of the RSV program was completed in May 
1975. The five contractors who participated in this 
phase were AMF, Calspan Corporation, Ford Motor 
Company, Minicars, and Volkswagen. The objectives 
of this phase were to define the role and projected op-
erating environment for the family-sized vehicle of the 
mid-1980s and to develop the performance specification 
for this vehicle based on societal benefits versus cost. 
The following summarizes some of the results of phase 
1 of the RSV program. 

Figure 11 shows a projection of the trends in the total 
number of automobiles in use. In spite of the present 
depressed market in automobiles, the number of auto-
mobiles is expected to increase during the long term. 
The increasing number of drivers is considered to be 
the strongest influencing factor that will cause the in-
crease in automobile population. Likewise, the number 
of vehicle -kilometers is projected to increase during the 
long term (Figure 12). Higher fuel costs and improved 
public transportation may slow down the rate of increase, 
but are not expected to reverse the trend. 

The current distribution of consumer expenditures is 
shown in Figure 13. The percentage devoted to automo-
biles is approximately 12 percent and is not expected to 
increase in the 1985 time period because other demands 
on the budget will continue to remain strong. In the 1985 
time period, fuel costs and miles driven will increase, 
yet the percentage of the family budget devoted to the 
automobile will not. The net result will be continued 
demand for smaller, more efficient automobiles. 

Figure 14 shows the distribution of automobiles by 
weight class in 1975 and 1985. In spite of the recent 
trend to smaller automobiles, the 1814-kg (4000-1b) 
class is still the most predominant in 1975. By con-
trast, the 1985 projection shows a large shift to the 
small automobile at the expense of other classes. 

Figure 15 shows the societal costs of accidents that 
can be attributed to each weight category of automobile. 
The percentage of societal costs that will be borne by 
the small automobile dramatically increases in 1985. 
Moreover, as the numbers of automobiles and the num-
ber of kilometers driven increase, the number of acci-
dents is also expected to increase. The total societal 
cost of these accidents is expected to increase from 
$15.6 billion in 1975 to $20.12 billion in 1985. Clearly, 
the most profitable weight class for an RSV design for 
the 1985 time period is 1361 kg (3000 lb) and lower. 

Figure 16 shows the societal cost of accidents for 
the 1975 time period. The accident data have been 
translated into an equivalent condition of an automobile 
striking a fixed barrier in a given direction and at a 
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Figure 15. Societal cost of accidents by vehicle weight. 
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Figure 12. Projected vehicle-miles. 
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Figure 11. Operating automobiles and population driving 
age in the United States. 
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given velocity. The length of the bars represents the 
societal costs for a given direction of impact. The 
costs attributed to speeds below 32 km/h (20 mph), be-
low 80 km/h (50 mph), and above 80 km/h (50 mph) are 
also shown. The general distribution of accidents 
shown in Figure 16 is not expected to change for the 
1985 time period. However, the severity may be ex-
pected to increase because of the larger number of 
small automobiles interacting with larger automobiles 
in the 1985 vehicle mix. A conclusion that may be 
drawn is that forward crashworthiness is most impor-
tant with sideward, secondary, and reward tertiary. 
This type of analysis assists us in deciding on the level 
of protection that is required and its value to society. 

The preliminary designs of RSVs proposed by the 
five contractors were based on these types of consid-
erations and are worth reviewing here. 

Figure 16. Societal Cost of accidents by direction and 
severity of impact. 
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The AMF design (Figure 17) is a 1317-kg (2900-
ib) front-engine vehicle that features good visibility, 
foam-filled structure for side impact, and a soft elas-
tomeric front end. 

The Ford design (Figure 18) is a 1339-kg (2950-
ib) front-engine, rear-drive automobile. The Ford de-
sign features an all-new family of automobiles in which 
the structure and restraint systems are optimized for 
maximum protection in the most probable accident 
speeds and modes. 
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The Volkswagen design (Figure 19) is a front-
transverse engine, front-drive automobile weighing 
1230 kg (2710 Ib). The design emphasizes compatibility 
with other smaller and larger vehicles in an accident. 

The Chrysler-Simca C-6 automobile is the base 
car for the Caispan design (Figure 20). The C-6 is a 
front-transverse engine, front-drive automobile that 
is to be produced in France. It has demonstrated good 
inherent crashworthiness. The Caispan redesign of 
the C-6 modifies the C-6 structure to provide a crash 
pulse of the type shown in Figure 21. Three zones of 
deceleration are shown. The lowest zone provides low-
speed pedestrian protection and minimizes vehicle dam-
age at barrier impact speeds up to 16 km/h (10 mph). 
The middle zone gives the RSV compatibility when the 
side of another vehicle is impacted at speeds up to 48 
km/h (30 mph). The upper zone provides crashworthi-
ness up to an 80-km/h (50-mph) barrier impact. The 
crash pulse shown is for an 80-km/h (50-mph) barrier 
impact. Lower speed crashes would of course termi-
nate in the lower zones. A mockup of the RSV proposed 
by Caispan is shown in Figure 22. The major structural 
changes from the C-6 are in strengthening the body com-
partment through the use of high-strength steel and pro- 

Figure 17. AMF research safety vehicle. 

Figure 18. Ford research safety vehicle. 

Figure 19. Volkswagen research safety vehicle. 

viding additional crash structure and distance in the 
front. The Caispan vehicle design weighs 1225 kg (2700 
lb). 

The Minicars design (Figure 23) is for an 872-kg 
(1920-1b), rear-transverse engine, rear-drive automo-
bile. It features a foam-filled, sheet-metal structure 
that provides light and omnidirectional energy absorp-
tion. Two significant advancements in property damage 
protection proposed for this vehicle are shown in Fig-
ure 24. The bumper system combines elastomeric foam 
with spring steel to resist a 16-kin/h (10-mph) frontal 
impact without damage. The body glove concept pro-
vides a dent resistant exterior surface that can be re-
moved and replaced if heavily damaged. In the area of 
crash avoidance, the Minicars RSV incorporates a 
microprocessor and radar system (Figure 25) that pro-
vides collision warning and automatic braking in the 
event no action is taken by the driver to avoid an im-
pending collision. 

The RSV program has begun the difficult task of re-
lating four major societal goals: safety, economy, en-
vironment, and energy in a single vehicle design. The 
result of this program will be a vehicle design that rep-
resents a well-balanced combination of performance 
specifications that will achieve, to differing degrees, a 
significant portion of each of the four societal goals. A 
question that immediately comes to mind is, Does this 
final RSV design represent the only acceptable combina-
tion of safety, economy, environment, and energy spec-
ifications for a vehicle in its class? A companion ques-
tion might be, What are the design combinations relating 
these characteristics for heavier vehicles or lighter ve-
hicles or special purpose vehicles such as intercity or 
urban vehicles? 

Consideration of these questions and others like them 
leads to the following design concepts: 

Goal Element 

Safety Crashworthiness 
Crash avoidance 
Pedestrians 
Aggressiveness 

Environment Exhaust emission control 
Resource Conservation 

Energy Fuel economy 
Economy Life-cycle costs 

Materials 
Ma nu factu rabi I ity 

These concepts can be used for judging how the personal 
automobile can best be planned to give mobility and yet 
satisfy the growing energy, environmental, and economic 
constraints. Although the RSV, as we have described it, 
may represent a well-balanced design for its class of 
vehicle, certainly no single design can meet all of the 
automotive needs of the future. What we envision is not 
a single design specifying a single set of safety, eco-
nomic, environmental, and energy performance levels 
but rather a multidimensional envelope within which are 
an infinite number of possible design combinations, all 
of which achieve an acceptable performance. 

Let me illustrate this four-dimensional, design-
concept envelope by relating several of the elements. 
The interaction that we have given the most attention is 
that between safety and energy. We can plot energy in 
terms of fuel economy in kilometers per liter on one 
axis and safety as represented by some suitable param-
eter such as barrier crashworthiness in kilometers per 
liter on the other axis to shown the relation between 
these two elements (Figure 26). As safety requirements 
(and thus weight) increase, fuel economy necessarily 
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comes down. Conversely, reducing the levels of safety 
required permits an increase in the fuel economy. The 
plot might be one in which other elements—economy, 
life-cycle costs, or exhaust emission control—are held 
constant. 

Figure 27 shows fuel economy and emission levels 
as a percentage of some specific level, say, the pro-
poSed 1977 standards. Tightening up the emission re-
quirements decreases fuel economy or, conversely, re-
laxing them increases fuel economy. On both curves in 
Figure 27 is a single point that marks the goals for the 

RSV program. 
I am not implying by the data shown in Figures 26 and 

27 that we have completely established definitive, smooth 
relations among the elements. Much work remains to be 
done to quantify properly the complex relations between 
energy and safety, energy and emissions, safety and 
emissions, and so forth. However, as we continue with 
programs such as the RSV and other basic research and 
development programs on structural crashworthiness 
and as we gather increasing data from other programs 

Figure 22. Calspan research safety vehicle mockup. 
Figure 20. Calspan research safety vehicle. 

- 

Figure 21. Deceleration versus displacement for Calspan 
research safety vehicle. 
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Figure 23. Minicars research safety vehicle. 
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Figure 24. Property damage protection features of Minicars research safety vehicle. 
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Figure 25. Vehicle electronics of Minicars research safety vehicle. 	 Figure 28. Relation of environment, energy, 
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Figure 26. Safety versus energy. 
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in other agencies concerned with engine performance, 
mileage, and emission levels, we can begin to establish 
these relations, which then might be integrated into the 
total design concept. 

To further illustrate the idea of a multidimensional 
envelope, we might combine three elements: energy, 
safety, and emissions (Figure 28). Rather than the two 
single curves shown before, Figure 28 shows a surface 
that represents the points that are societally acceptable 
combinations of energy, safety, and emissions. In 
theory, the vehicle designer might choose to provide 

ENERGY 

ENVIRONMENT 

SAFETY 

high levels of safety with moderately high goals in terms 
of emissions and energy. This approach, which basi-
cally represents the RSV design, would fall at about the 
point shown on the surface. Conversely, the manufac-
turer might choose to seek high performance in terms 
of energy savings or fuel economy. According to the 
design concept, he or she would be permitted to achieve 
these energy goals at some compromise in levels of 
safety and emission performance. Thus, the design 
point might fall at point A. Such a vehicle perhaps 
might be designed primarily for urban use where high 
levels of crashworthiness might not be so appropriate 
or essential. A third design approach might stress 
minimum emission levels with the corresponding sac-
rifice in terms of safety and energy performance. This 
would be represented by design point B. If the design-
concept envelope has been properly prepared, each of 
these designs would represent an acceptable approach 
from a societal benefit point of view. 

There are other interesting characteristics of the 
design concept. First, the surface shown in Figure 28 
reflects the energy, safety, and emission trade-offs per-
mitted for some single measure of the economy goal. 
This economy goal might well be a measure of total life-
cycle vehicle costs, including purchase, maintenance, 
repair, depreciation, insurance, and other costs, prob-
ably exclusive of fuel consumption costs since these are 
reflected in the energy goal. The economy goal might 
be set at some number, such as $8000. A different 
value of this goal would result in a different shaped sur-
face. For example, if we permit the life-cycle costs 
to increase to, say, $10 000, more expensive materials, 
manufacturing processes, and engine drive-train com-
binations might be permitted, which would change the 
shape of the curves forming the surface. Conversely, 
a lower limit for the economy goal might restrict the 
engineering variations and materials that could be used, 
again changing the shape of the surface. 

The surface or envelope shown represents an agreed-
on mapping of acceptable societal values. It does not 
necessarily represent all of the currently achievable 
engineering combinations of the goals. For the three 
shown here —energy, safety, and emissions —certainly 
energy would be the driving factor from a marketability 
point of view. The manufacturer will, therefore, strive 
to increase the performance level in terms of this goal 
and lessen the performance level in terms of emissions 
and safety, which are not nearly so marketable from a 
public point of view. The limits of automotive technol-
ogy, however, will ultimately restrict the ability to in-
crease performance on the energy scale at the expense 
of safety and emission levels. If the manufacturer 
chooses to market a vehicle in this cost or economy 
class that achieves a certain energy performance in 
terms of kilometers per liter, then he or she must meet 

SAFETY 
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the corresponding emission and safety goals as repre-
sented by the point on the surface. Only by improving 
fuel economy performance will he or she be permitted 
to reduce the safety and emission levels. 

In describing the manufacturer's flexibility in choos-
ing designs from any point on the surface or design-
concept envelope, we are really laying the groundwork 
for an innovative approach to automotive regulation in 
all three of these areas. Obviously, such a step cannot 
be taken lightly, and much groundwork remains to be 
done in carefully defining what the societally acceptable 
trade-offs among these goals really are. Even though 
achieving this will not be easy, we have already made 
a start. The RSV program, which will represent but 
one point on this multidimensional surface, is well on 
its way to becoming a reality. Additional programs in 
advanced engine technology are in progress in the U.S. 
Department of Transportation and in the Energy Re-
search and Development Administration. The Environ-
mental Protection Agency will no doubt continue to ex-
plore the complex problem of controlling vehicle emis-
sions. As the results of separate studies in these areas 
are produced, they may help us define more carefully 
the interaction of the four goals and the construction of 
a surface, such as the one shown in Figure 28, that will 
represent what society really can afford in terms of its 
future automobile. 
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Rodney J. Tabaczynski, Sloan Automotive Laboratory, Massachusetts 
Institute of Technology 

The trade-offs between fuel economy and emissions and improvements 
in fuel economy that allow elimination of add-on devices are addressed. 
The cold-start emission problem for conventional engines is also dis-
cussed. This paper provides some background and estimates on fuel 
economy for various emission constraints and some estimates of the 
percentage of fuel economy improvement necessary to eliminate add-
on devices. The conclusions are that add-on devices cannot be elimi-
nated by the projected fuel economy gains and that improved carbu-
retor designs and manifold systems have their largest impact on the 
cold-start problem. 

This paper examines the trade -off S between fuel econ-
omy and emissions, improvements in fuel economy 
that allow the elimination of add-on devices, and the 
cold-start emission problem for a conventional spark-
ignition engine system. It provides some background 
and estimates on fuel economy for various emission 
constraints and some estimates of the fuel economy 
improvements necessary to eliminate add-on devices. 

It must be stressed strongly at the outset that to in-
clude the emission constraints rigorously is not cur-
rently possible since the data available are completely 
inadequate for that task. In addition, the detailed data 
for lean-burn engine concepts that are optimized for 
fuel economy and that do not employ some degree of 
spark retard and exhaust reactions are not readily avail-
able. These data are necessary in determining the 
source of the cold-start problem. Other constraints 
such as fuel octane requirements and manufacturing 
lead times are equally important and difficult to assess. 

The system nature of the vehicle optimization proce-
dure is emphasized by indicating that vehicle weight, 
transmission design, aerodynamic performance, and 
engine design are interrelated in the vehicle optimiza-
tion procedure. Teams of experts will be required if 
fully optimized vehicles are to become a reality. Such 
teams will be assembled only when realistic emission 
standards are set and guaranteed not to change for 5 to 
10 years. 

To provide an indication of the potential for improved 
brake-specific fuel consumption (BSFC) through engine 
redesign and improvements in engine control, three con-
cepts that bracket the range of interest.are discussed in 
more detail: a lean, high-turbulence, high-compression  

ratio engine, with first a manifold reactor and then an 
oxidation catalyst, and a close-to-stoichiometric engine 
with exhaust gas recirculation (EGR) and secondary air 
for engine nitric oxide (NO,), hydrocarbon (HC), and car-
bon monoxide (CO) emission control and with catalysts 
for additional exhaust clean-up. This improvement in 
fuel economy from the engine is estimated at 20 percent. 
It is deduced that the estimated 40 percent improvement 
in fuel economy by 1980 will be a result of a reduced 
vehicle weight and some improvements in vehicle design 
in addition to engine improvements. 

Estimates of the fuel economy improvements neces-
sary to eliminate add-on devices point out the impossi-
bility of this method of control. The use of spark retard 
and exhaust manifold reactors will be necessary to meet 
the hydrocarbon standard of 0.25 g/km (0.4 g/mile) in 
even the best lean-burning systems, and a reducing cata-
lyst will be necessary for NO control at the 0.25-g/km 
0.4 -g/mile) standard. 

The final topic covered is the cold-start and warm-up 
problem. This problem is basically a fuel distribution 
and atomization problem. Improved carburetors and new 
carburetors combined with improved intake systems will 
greatly alleviate this problem. Experimental lean-burn 
systems have shown good HC and CO control. Although 
detailed emission data are not available on these sys-
tems, it is postulated that the emission improvements 
from these lean-burn systems are largely due to the im-
provements in their cold-start emissions and fuel econ-
omy. 

BACKGROUND 

In this section the engine variables that affect emissions 
are reviewed, and the trade -offs between fuel economy 
and emissions are discussed. The engine parameters 
that govern the fuel economy are also important in de-
termining the emissions from an engine. In some in-
stances improvements in fuel economy result in im-
proved emissions. However, as is most often the 
situation in systems engineering, the improvement in 
one output results in the degradation of another, and an 
overall optimization must be attempted. The optimiza-
tion procedure occurs not only between fuel economy 
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and emission but also among the various pollutants 
themselves. 

The experimental results in Figure 1 show the clas-
sical behavior of the three pollutants, NO, HC, and CO, 
with air-fuel ratio, EGR, and spark retard (1). In gen-
eral, BSFC, BSNO, BSCO, and BSHC all improve for 
lean operation. However, the emissions levels attained 
by running lean without any other controls are not suffi-
ciently low to meet federal standards. Hence, other 
control parameters such as EGR and spark retard must 
be used to control NO and HC emissions. As indicated 
by the results shown in Figure 1, CO emissions do not 
change substantially with EGR and spark retard and are 
primarily a function of the air-fuel ratio. The trade-
offs involved in optimizing BSNO, BSHC, and BSFC are 
clearly shown. For small amounts of EGR, some NO. 
control is gained with no apparent loss in fuel economy 
or control of HC emissions. For higher EGR rates, 
the NO, is reduced substantially while HC and specific 
fuel consumption increase. 

Many investigations have shown the trade -off 5 of 
NO. and HC and BSFC. Figure 2 is the result of one 
such investigation at Nissan (2). As is the situation in 
most of these studies, combustion duration varied with 
EGR and air-fuel ratio since the engine geometry is 
fixed. This study indicates that, for a large reduction 
in NO., either HC emissions or fuel economy must be 
sacrificed. 

A 5 percent loss in fuel economy due to EGR resulted 
when HC emissions were held constant and NO, emis-
sions were reduced 60 percent. If fuel economy was 
maintained, HC emissions increased for any reduction 
in NO.. 

A recent investigation performed at Mobil (3) studied 
the interrelations of fuel economy, BSNO, BSHC, air-
fuel ratio, and compression ratio (CR) for a cooperative 
fuels research (CFR) engine. Some of the results are 
shown in Figures 3, 4, and 5. In Figure 3, BSNOI  is 
plotted versus BSFC for various compression ratios 
and spark timings. The addition of 10 percent EGR re-
sults in a 50 to 60 percent reduction in NO. emissions 
because of the increase in brake power. The results 
shown in this figure would indicate that specific NO, 
emissions could be reduced by a factor of 7 with a BSFC 
improvement of 7 percent by changing operating condi-
tions from maximum break torque (MBT) spark at 7.5 
compression ratio and no EGR to MBT spark at 10.5 
compression ratio with 20 percent EGR. This example 
did not place any constraint on HC emissions, which will 
increase according to the results shown in Figures 1 and 
2. According to the results shown in Figure 5, BSHC 
can be constrained if a 15°  spark retard is used at 10.5 
compression ratio with a resultant 6 percent loss in 
BSFC. Obviously the control philosophy will depend 
heavily on the emission constraints that are set by the 
efficiency of the clean-up devices used in the after-
treatment process. Also, as part of this study, the 
NO1  emissions were constrained at a level of 3 kg/kW.h 
(5 g/bhp.h) and HC emissions were varied. For these 
constrained conditions, both the minimum fuel consump-
tion and minimum octane number for trace knock were 
achieved at the lowest compression ratio studied (CR 
= 7.5). Also, overall minimum fuel consumption was 
attained at the leanest air-fuel ratio studied (A/F = 15.4) 
for controlled HC and NO. emissions. These data show 
that the historically accepted improvement in engine ef-
ficiency may not result when HC and NO, must be con-
strained because of emission requirements. 

The degree of complication is already substantial 
with only the consideration of EGR, spark retard, and 
air-fuel ratio. The parameters of mixture homogeneity 
and distribution, proportional EGR, intake air and cool- 

ant temperature, ignition system, combustion chamber 
design, engine speed and load, valve timing, and tran-
sient operation have not been discussed. In this paper 
the effects of mixture homogeneity in emissions will be 
discussed because of its relevance to the cold-start 
problem. A discussion of the effects of the other param-
eters is given in another paper (4). 

The effect of mixture homogeneity on specific fuel 
consumption is shown in Figure 6 (5). Figure 6 also 
shows the decrease in HC and NO emissions with better 
mixture preparation, which occurred as a result of ex-
tending the lean misfire limit. The homogeneity of the 
fuel-air charge can also have an effect on CO emissions 
especially if the operating point is near stoichiometric. 

Small-scale variations in the local equivalence ratios 
are one cause of the higher than theoretical values of CO 
observed at stoichiometric operation. Cylinder-to-
cylinder distribution can also cause anomalously high 
CO and NO, emissions when the operating point is lean 
of stoichiometric. Figure 7 shows a typical spread in 
the individual air-fuel ratios delivered to a four-cylinder 
engine (6). Also shown in this figure is the air-fuel ratio 
distribution when a special mixture generator is used. 
Figure 8 shows the resultant pollutant levels from each 
cylinder as well as those that result from a uniform air-
fuel distribution. The CO and NO1  show the expected 
result. The HC emissions do not change since they are 
a quench phenomenon and the NO and CO emissions are 
generally bulk gas related. 

A test was conducted in this experiment to determine 
the transient nature of the NO1  emissions for the carbu-
reted system versus the mixture generator. Figure 9 
shows the results of this test. The resultant decrease 
in NO. is dramatic. However, it probably cannot be at-
tributed to cylinder-to-cylinder distribution alone. A 
likely cause for this dramatic result is the transient op-
eration of the carburetor system versus the mixture gen-
erator. The transient response of the carburetor sys-
tem could have led to an air-fuel ratio change during 
accelerations and decelerations whereas the mixture 
generator probably maintained a constant air-fuel ratio. 
The more frequent use of the single plane intake manifold 
for lean engine systems indicates that a large plenum 
manifold with short runners to the cylinders gives good 
transient response and cylinder -to -cylinder distribution. 

SUMMARY OF INTERACTIONS 

The discussion in the previous section shows that changes 
in almost all engine design and operating variables that 
affect BSFC also affect engine emissions (especially HC 
and NO7). Many of these variables also affect the engine 
fuel octane number requirement to avoid trace knock at 
part or full load. Also, changes in a number of these 
variables would require changes in other engine variables 
to achieve satisfactory engine operation. For example, 
substantially leaner carburetor calibration would, at a 
minimum, require improvements in mixture quality and 
an improved ignition system for adequate drivability. 

To underline the complexity of these interactions the 
effect of changes in the most important variables on 
BSFC, BSNO, BSHC, and octane requirements (OR) is 
given in Table 1. The assumptions made in drawing up 
the table are that each change is made one at a time to 
a conventional spark ignition (Si) engine with the air-fuel 
ratio calibrated lean of stoichiometric (15 to 16:1) and 
with the engine operated at maximum brake torque spark 
timing. Most of the changes that improve BSFC have a 
detrimental effect on HC or NO. emissions or both or on 
octane requirement. 

Some of the changes given in Table 1 have by them-
selves limited direct impact on BSFC; however, their 



Figure 1. Effect of input variables on emissions and efficiency. 
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Figure 3. Effect of exhaust gas recirculation, spark timing, and 
compression ratio on the relation between BSNO, and BSFC. 
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Figure 4. Effect of exhaust gas recirculation and compression ratio on 
relation between BSNO, and BSFC. 
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Figure 7. Distribution of air-fuel ratio. 
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indirect impact may be significant. Changes in engine 
design or operating conditions that improve the degree 
of emission control achieved may allow other changes 
that improve BSFC while maintaining emission levels 
constant. Such fuel economy gains may be especially 
important if spark retard has to be used to control HC 
emissions. A reduction in exhaust heat losses (for ex-
ample through the use of exhaust port liners) will allow 
advances in spark timing toward MBT to be made while 
HC emission levels are held constant. Thus, an indirect 
BSFC gain can be obtained. 

So far in this paper, I have attempted to show the 
interrelations of the engine variables with respect to 
emissions and fuel economy. Because of these inter-
actions, the optimization of an engine system is a diffi-
cult task. Each engine and emission control system 
must be optimized as a system concept and not on a 
component -by -component or variable -by -variable ap - 
proach. It is important to understand that a general 
operating philosophy of the entire vehicle -engine -drive 
train system must be formed before the optimization 
procedure can begin. The vehicle weight and transmis-
sion characteristics are important design considerations 
for the engine developer. A true optimization will come 
only when teams of experts cooperate to design a vehicle. 
But before any optimization procedures can commence, 
the constraints must be known, and for the level of effort 
necessary for a complete vehicle design these con-
straints must be firm and relatively long term. 

EFFECT OF FUTURE EMISSION 
STANDARDS ON FUEL ECONOMY 

The emission standards likely to be in effect in the 1980 
to 1985 period can only be guessed at this stage. Unfor-
innately, the values of these standards are especially 
important because they dictate the type of conventional 
engine emission control systems that will have to be de-
veloped and are the major constraints with respect to 
fuel economy. For example, the so-called lean-burn 
system and the HC/CO oxidation catalyst system with 
EGR may have the potential of reaching the following 
vehicle emission standards (0.62 g/km = 1 g/mile) (7): 

Lean Burn 	Catalyst 
Emission (g/km) (g/km) 

HC 0.25 0.56 
CO 2.11 5.59 
NO, 1.24 0.62 

But these two systems do not appear to have the poten-
tial for reaching lower NO, emission values. The cur-
rent 1978 NO, standard of 0.25 g/km (0.4 g/mile) can 
only be approached with a dual catalyst or three-way 
catalyst system. The mixture control requirements 
for these four systems are all quite different (quite 
modest for the HC/CO catalyst system; extremely 
stringent for the three-way catalyst system), as is the 
most desirable carburetor calibration. 

Other potential emission constraints are sulfate stan-
dards and particulate standards. The type of sulfate 
standard now being proposed for 1979 may constrain 
the air-fuel ratio of lean engine systems with oxidation 
catalysts and make EGR rather than very lean air-fuel 
ratios the preferred approach. Little is known about 
the impact of sulfate standards on engine and emission 
control technology, however. Although there is some 
discussion of particulate automobile emission standards, 
there is also little that can be said of their potential im-
pact except that the use of lead in fuels would probably 
be limited to levels below today's regular leaded gaso-
line. 

Since these constraints must be included in any opti-
mization analysis, the following methodology is suggested 
for examining fuel economy gains through improved con-
ventional engine design and control of operating variables. 
To make an estimate of fuel economy of engines in the 
1980 to 1985 time period relative to today's engine tech-
nology, one must first select values for the emission 
standards that have to be met and then select those en-
gine and emission control systems that have the best po-
tential of meeting those standards. (Best in this context 
includes judgments about manufacturability, marketabil - 
ity, reliability, and serviceability, which are difficult to 
quantify but are important indeed.) At lower emission 
levels than those of today [0.93 g/km (1.5 g/mile) HC, 
9.32 g/km (15 g/mile) CO, and 1.93 g/km (3.1 g/mile) 
NO,], and with engine and control technology available 
in the short term (say, 1975 to 1980), there will be a 
fuel economy penalty for all the conventional engine sys-
tems 

ys-
tems now considered practicable. The question then be-
comes, For a given set of emission standards and for a 
given engine and control system, to what extent can im-
provements in engine and control system technology off-
set this penalty? 

A number of estimates have been made of the effect 
of different standards on vehicle fuel economy due to 
changes in engine and emission control systems alone. 
The fuel economy penalties associated with several dif-
ferent sets of standards are shown in Figure 10 (8). Al-
though the magnitude of the estimates on the decrease in 
fuel economy varies, there is general agreement that fuel 
economy will decrease. In addition, the rate of decrease 
is generally agreed on. These projections were made 
assuming current emission control technology. Without 
significant improvements in technology, engine fuel econ-
omy will be between 5 and 13 percent worse than the for -
mer 1977 levels shown in Figure 10 and between 10 and 
23 percent worse (depending on vehicle weight and de-
tails of the control system) than the current 1978 levels. 
The fuel economy penalties at 0.62 g/km (1 g/mile) NO, 
level would depend on whether EGR (or air in the lean 
engine case) or reduction or three-way catalysts are 
used for NO, emission control. I have seen no convinc-
ing evidence that these emission levels are achievable 
with technology available in the short term with any 
lesser fuel economy penalties. 

Further reductions below today's emission control 
levels of both NO, and HC emissions contribute to these 
fuel economy penalties, but to different degrees at dif-
ferent emission levels. Figure 11 shows the effect of 
an optimized air-fuel ratio, EGR rate, and spark timing 
on engine HC and NO, emission and fuel economy. Cur-
rently engine HC emissions (in systems with oxidation 
catalysts) are in the 1.24 to 1.86-g/km (2 to 3-g/mile) 
range with NO, emissions of about 2 to 2.5. At these 
operating conditions, fuel economy is not especially sen-
sitive to small changes in emission levels. However, 
reduction in engine HC emissions by a factor of 2 to 3 at 
constant NO, or reduction in NO, by a factor of 2 to 3 at 
constant HC both result in significant fuel economy pen-
alties (primarily because spark retard must be used to 
raise exhaust temperatures to reduce HC emissions or 
prevent their increasing as EGR does). It would be rash 
to predict that anything less than a factor of 2 to 3 re-
duction in engine HC emissions will be required by 1985. 
A reduction in NO, emissions below 1.24 g/km (2 g/mile) 
will likely be required, too. 

POTENTIAL GAINS IN FUEL ECONOMY 

Engine Fuel Economy 

Much of the following discussion of the recovery of con- 
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Table 1. Interactions of engine control variables on fuel economy 
emissions, and octane requirement. 

Variable and Direction 
of Change 	. 	 BSFC BSNO 	BSCO 	BSHC 	OR 

Improve mixture quality 	0 	+ - 	- 0 
Calibrate carburetor lean 	- 	-  
Retard spark from MBT 	+ 	 - - 	- - 
Increase EGR percentage 	+1- 	- 0 	+ 
Increase compression ratio 	- 	+ 0 	+ + 

Increase burn rate 	 - 	+ 0 	* - 
Reduce exhaust heat losses 	0 	0 - 	- 0 
Improve ignition system 	0 	0 0 	- 0 

Note: + = increase; - = decrease; P = impact unclear; +/- = may increase or decrease; and 
0 = no change. 

Figure 10. Projected losses in fuel economy to meet more 
stringent exhaust emission standards. 
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version losses is speculation because adequate data on 
the effects of design and operating variable changes at 
appropriate emission levels are not available. However, 
such a discussion provides a useful, if approximate, 
quantification of the maximum gains in thermal effi-
ciency 

ffi-
ciency that can be realized through improvements in 
technology. These improvements would offset the re-
ductions in efficiency due to tighter emission control, 
which were described in the previous section. 

Incomplete combustion within the air-fuel flamma-
bility limits is generally a loss of the order of 3 per-
cent. Even if a 50 percent improvement in combustion 
efficiency is accomplished, only a net gain of 1.5 per- 

cent in thermal efficiency will result. As the limits of 
inflammability are approached, the gains that might be 
realized could be larger than those gained with close to 
stoichiometric operation. 

The specific heat of the gas can be decreased by 
leaner operation or by more dilute operation with EGR. 
The gain in efficiency is of the same order for leaner 
operation as for dilute operation even though the air has 
a greater ratio of specific heat. Dilute operation pro-
duces a gain due to lower combustion temperatures, 
which result in less dissociation and lower specific heats. 
If the operating air-fuel ratio can be changed from 16/1 
to 19/1, a 5 to 10 percent gain in indicated thermal effi-
ciency will result. Likewise if the use of EGR reduces 
the burned gas temperatures by almost 200 K, a gain of 
5 to 10 percent will result. However, EGR is more ef-
fective on a percentage basis than air in reducing NO.. 
Thus, at the same NO. emission level, less dilution 
with EGR is required. 

Long burning times and heat losses to the combustion 
chamber walls also contribute to the loss in thermal ef-
ficiency as compared with the ideal Otto cycle. Cleve-
land and Bishop (9) estimate that it may be possible to 
recover 5 percent in thermal efficiency by improvements 
in burning rates and reduced heat losses. Although in-
creased burning rates would decrease exhaust tempera-
tures and reduce HC and CO burn up, reduced heat 
losses would have the opposite effect. 

Pumping losses cannot be eliminated from a carbu-
reted engine except through the use of unthrottled strat-
ified charge or variable compression ratio devices. 
These two techniques are viewed.as  long term (i.e., 20-
year time scale) for the entire vehicle population. The 
maximum gain in thermal efficiency attainable at road 
load by using an unthrottled engine is of the order of 40 
percent. For a throttled engine, lean or dilute operation 
would decrease the pumping losses and a gain of 5 to 10 
percent would result. Similarly intake valve timing and 
gear ratios can be chosen to reduce the part load pump-
ing losses. However, maximum engine power at wide-
open throttle would be reduced. 

An increase in compression ratio increases the avail-
able energy that can be extracted from the engine. By 
increasing the compression ratio from 8 to 10 the ther-
mal efficiency increases from 5 to 8 percent, depending 
on load and air-fuel ratio. Full advantage of this in-
crease in compression ratio can only be realized if 
spark timing can be held at advance for best torque. 
Whether this is possible depends on the octane rating 
of the available fuel, the engine octane requirement, the 
degree of HC emission control required, and the effec-
tiveness of the exhaust treatment device. 

Table 2 gives our estimate of the "minimum" possible 
gains that may be attained over the 1975 vintage engines 
for three engine systems. The first is a lean-burn en-
gine with an exhaust thermal reactor and spark retard 
for HC control. The second is a lean-burn engine with 
a catalyst for HC and CO control. Both of these con-
cepts would have difficulty meeting NO. emission stan-
dards below about 0.93 g/km (1.5 g/mile) at the HC and 
CO emission standards anticipated for 1980 to 1985. 
The third concept is a slightly lean or stoichiometric 
engine with EGR for engine NO. control, and with an HC 
and CO catalyst and secondary air at NO,, levels down to 
about 0.93 g/km (1.5 g/mile) or with a three-way cata-
lyst at lower NO, levels (assuming that durable three-
way catalysts and sensors can be developed). I stress 
again that these are estimates of the maximum gains 
for these systems. Some of the assumptions made in 
preparing these estimates and some qualifications are 
given below. 
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Table 2. Estimate of maximum percentage of increase in thermal 
efficiency for three engine systems. 

Engine Control Variable System 1 System 2 b System 3 

Increased compression ratio 5 to 8 4 to 6 3 to 4 
Air-fuel ratio or EGR 5 to 10 5 to 10 4 to 8 
Improved combustion l'/, 1/, 1% 
Faster burning and lower 

heat losses 5 5 5 
Pumping work 5 to 10 5 to 10 4 to 8 
Spark retard for HC control -5 to -10 - -3 to -5 

Total gain 17 to 25 21 to 33 16 1022 

Allowance for nonsynergistic 
effects 11 to 17 14 to 22 1110 15 

Lean burn engine with spark retard and manifold reactor for HC control. 
5Lean burn engine with catalyst system for HC and CO control. 
Slightly lean engine with EGR for engine NO, control and with catalysts 

Figure 12. Effect of levels of future exhaust emission 
standards on potential improvements in fuel economy. 
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Figure 13. Fuel economy improvements necsary to 
eliminate add-on devices. 

HC 	1.5 1.5 0.9 .41 0.4 

Co 	15 15 9 3.6 3.4 

No 	3.1 2.0 2.0 2.0 0.41 

Possible Compression ratio increase depends on 
octane rating of available fuel, HC emission standard, 
and so on. We have assumed leaded fuel and CR in-
creases from 8 to 10 for system 1, unleaded fuel and 
CR increases from 8 to 9.5 for system 2, and unleaded 
fuel and CR increases from 8 to 9 for system 3; 

Less dilution occurs with EGR than with air for 
equivalent NO. control, so thermal efficiency gains are 
lower; and 

Total gain is reduced by one-third because al-
most all these parameter changes interact. 

If such gains in fuel economy result, it should now be 
obvious that these gains will not be a result of any single 
idea or invention. New developments in single compo-
nents such as carburetors, fuel injectors, manifolding, 
and valve timing will not in themselves produce an im-
provement in the 15 to 30 percent range. Gains in ther-
mal efficiency of this magnitude will be the culmination 
of concentrated research and development of all facets 
of engine design and integration in a vehicle. The attain-
ment of more efficient engine vehicle combinations will 
be the result of the 2 and 3 percent improvements in in-
dividual components that have been systematically in-
corporated into the vehicles. 

Vehicle Fuel Economy Gains 

In addition to gains in fuel economy attributable to the 
engine, other variables such as vehicle weight, power 
transmissions, aerodynamic drag, and rolling friction 
can contribute significantly to gains in fuel economy. 
The largest single factor is probably the vehicle weight. 
A shift to a higher percentage of small automobiles has 
taken place during the past several years. According to 
Ward's Automotive Yearbook and Weekly Reports, the 
proportion of the market taken by small automobiles 
grew from 16 percent of all automobiles in 1966 to 36 
percent in 1972 to more than 45 percent in 1974. The 
results of a study by Cantwell, Kinnear, and Russell (8) 
are shown in Figure 12. Fuel economy of the vehicle 
population is improved 40 percent by 1982. Approxi-
mately 50 percent of this gain is due to engine improve-
ments and 50 percent is due to a shift to smaller, lighter 
vehicles and transmission improvements. The study 
points out that the gains to be expected in small vehicles 
would not exceed 20 percent. This is in agreement with 
our estimate given in Table 2. 

SUMMARY OF FUEL ECONOMY-EMISSION 
TRADE -OFFS 

A comparison of the expected losses in fuel economy due 
to emission controls and the expected gains due to im-
proved engine design shows essentially no gain if the 
statutory standards are to be met. Only through design 
changes such as improved transmission, reduced aero-
dynamic drag, and reduced vehicle weight will the fuel 
economy be improved, as shown in Figure 12. 

One of the questions for discussion at this workshop 
was, Will improved engine efficiencies meet EPA stan-
dards for emissions without add-on devices? Figure 13 
shows the fuel economy improvements necessary to 
eliminate add-on devices. Three cases are presented. 
Table 3 gives the base lines for the calculations. For 
case 1 the engine is optimized for fuel economy and 
there are no add-on devices. This vehicle was essen-
tially built for the European market and has very little 
in the way of pollution control (7). Case 2 assumes that 
by using better combustion chamber design and small 
amounts of spark retard the hydrocarbon levels could 
be reduced by a factor of two and the NO levels may be 
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Table 3. Calculations for cases shown in Figure 12. Figure 15. Estimates of mixture quality trends of 
induction system under cold-start and drive conditions. 

Emissions (g/km) 	Fuel Good - 
Vehicle 	 Economy Air-Fuel 

Case 	(kg) 	HC 	CO 	NO. 	(km/liter) Ratio S 	S 	
IPO wING 

1. 	1133 	2.48 	3.67 	0.93 	9.6 16.5/1 
2 	1133 	1.55 	1.86 	0.75 	9.6 16.5/1 
3' 	2041 	0.50 	2.49 	0.93 	4.7 18/1 

I— 
Note: 	1 g/km = 1.61 g/mile; 1 km/liter = 2.35 mpg; 1 kg = 2.2 lb. 

No controls. 
'5 
D EF, 

5Estimate based on case 1 with improved mixture preparation and some spark retard. 0 
'Test results with some oxidation in exhaust, some spark retard, and improved mix- W 

tare preparation through using a sonic carburetor. D 
I— 
x 

Figure 14. Estimates of mixture quality trends of 
S 

induction system under hot-operating conditions. 
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reduced slightly with small amounts of EGR. Case 3 
represents results of tests in which a sonic carburetor 
and an exhaust manifold reactor were used (7). This 
engine concept is an experimental system and is not 
near production. However, we feel that it represents 
a lower bound on a production lean-burn system that 
would not use a catalyst. Figure 13 shows the percent-
age increase in fuel economy necessary to meet various 
standards for these three cases. It is clear that some 
spark retard and a thermal reactor are necessary to 
maintain low HC levels in the absence of a catalyst con-
verter. It is also clear that there is no possibility of 
meeting the 0.25 -g/km (0.4-g/mile) NO,, standards with-
out the use of a reducing catalyst and that tremendous 
improvements in fuel economy are needed to attain the 
0.25-g/km (0.4-g/mile) HC standard. 

COLD-START POLLUTION PROBLEM 

The success or failure of many emission control sys-
tems lies in their ability to cope with the cold-start p01-
lution problem. This problem arises from the inability 
of the induction system and carburetor system to provide 
a homogeneous, vaporized fuel-air mixture to the engine 
cylinders. During cold start, most carburetors pro-
duce droplets of fuel that are too large to follow the air 
stream and condense on the walls of the intake manifold. 
As a result a rich air-fuel mixture must be supplied to 
the engine cylinders so that an ignitable air-fuel mix-
ture in the vapor state is present in the cylinder at the 
time of spark. High fuel consumption, CO emissions, 
and HC emissions generally result. Early fuel evapori- 

zation systems have been developed by most of the auto-
mobile manufacturers. These systems generally use 
exhaust heat and high shear velocities to help vaporize 
the fuel. They have the disadvantages of a finite warm-
up time and a control system to divert the exhaust heat 
after a certain intake temperature is reached so that 
overheating of the charge does not result. This tech-. 
nique essentially tries to correct a problem created by 
poor carburetion. 

A second aspect of this problem is the distribution of 
the fuel-air charge to the individual cylinders. If a large 
maldistribution in fuel-air ratio exists from cylinder to 
cylinder, then richer carburetor settings are necessary 
for all cylinders to have ignitable mixtures at the time 
of spark. If large amounts of fuel condense on the walls 
of the intake system, it becomes difficult to design an 
induction system. If a carburetor can be designed to 
give fine droplets that follow the air stream, then the 
mixture distribution problem reduces to the design of 
an intake system that equally distributes the mass or 
air to each cylinder. 

The mixture quality trends for various carburetor-
induction system combinations are shown in Figures 14 
and 15 for hot- and cold-operating conditions respectively 
(7). The results of the hot test show that all the systems 
tested had average mixture quality, and there was only 
a small improvement over the improved conventional 
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carburetor when a sonic carburetor was used. The 
cold test results show quite a different trend. In the 
hot tests the mixture quality improved as the charge 
went from the carburetor to the spark plug. This is 
probably a result of the improved evaporization due to 
a hot air stream and heated intake system. Conversely, 
a decrease in mixture quality is observed in the cold 
tests as the charge travels from the carburetor to the 
spark plug. Hence, the production carburetor, which 
starts out with an average mixture quality at the carbu-
retor, fails to maintain this level and has a poor mix-
ture quality at the time of spark. Here the intake air 
and manifold are cold, and fuel condensation and lack 
of fuel evaporization are the likely causes of the down-
ward trend. It is necessary to begin with a relatively 
good mixture quality at the carburetor (i.e., droplets 
that can follow the air stream) if an acceptable mixture 
is to result at the spark plug. The improved production 
carburetor and the sonic carburetor are successful in 
providing acceptable mixture quality at the time of 
spark. However, the difference between the improved 
production carburetor and the sonic carburetor is 
greater in the cold tests than in the hot tests. 

Cylinder -to -cylinder distribution of the fuel-air 
charge is as important as obtaining good mixture quality 
for improving both cold-start and ultra-lean operation. 
In both these situations the carburetor is calibrated for 
ignitability of the leanest cylinder, and hence rather 
richer operation can occur in the other cylinders. The 
spread in air-fuel ratios for full throttle and part throt-
tle was shown in Figure 7 for a four-cylinder engine. 
This spread can be even greater during cold-start op-
eration. It is important that the carburetor with its 
induction system be designed to maintain a relatively 
constant air-fuel ratio during transient operation and 
during cold start in order to maintain fuel economy and 
emission levels. 

The effect of warm-up on fuel economy is shown in 
Figure 16. The differences in fuel economy between 
cold operation and fully warmed-up operation are dra-
matic. These differences can only be explained by poor 
mixture preparation and distribution that necessitate 
overly rich carburetion. The emissions of CO and HC 
are higher for rich operation on a concentration basis 
and coupled with the poor fuel economy results in a 
severe problem on a grams -per -kilometer basis. 

Figure 16. Effect of warm-up on fuel 
economy (averages of four cars). 
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There is a strong possibility that sonic carburetors 
or improved production carburetors will be available 
in the near future. The improvements in emissions 
and fuel economy demonstrated by these systems (espe-
cially the sonic carburetor system) are most likely due 
to their superior mixture quality during cold start and 
warm-ups. My opinion is that the cold-start emission 
problem will slowly be alleviated as these new carbu-
retor systems are put into production. 
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EXCI[E TAXIES ANJD IREIATF 
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Excise taxes on fuel-inefficient automobiles and rebates for fuel-efficient 
automobiles have been proposed to reduce gasoline consumption by en-
couraging a more fuel-efficient automobile fleet. This paper presents a 
methodology for estimating the impact that various automobile excise 
tax and rebate proposals will have on fuel consumption, fuel economy of 
the new automobile fleet, and total automobile sales. This analysis ex-
plicitly considers the cost to improve the technical efficiency of automo-
biles and the potential for shifting consumers to smaller automobiles. 
The results of the analysis are displayed graphically for a prototypical 
excise tax proposal. 

A frequently proposed approach to improve automobile 
fuel economy is to place a heavy excise tax on new auto-
mobiles that have poor fuel economy. This tax is re-
duced step by step as the fuel economy of new automo-
biles improves until, eventually, there is no tax at all 
on automobiles that have good fuel economy. Several 
proposals go farther and, in addition to fuel economy ,  
taxes, provide rebates to purchasers of automobiles 
that have high fuel economy. These taxes and rebates 
will precipitate changes in gasoline consumption in the 
following ways: 

Induce manufacturers to improve the fuel effi-
ciency of their automobiles so as to reduce specific tax 
rates on those models, 

Encourage consumers to purchase automobiles 
with better fuel economy, 

Change the total level of automobiles sold, 
Reduce the operating costs of new automobiles, 

and 
Change the use and scrappage of used automo-

biles. 

Impacts 1 and 2 both clearly reduce gasoline con-
sumption. The third impact will also reduce gasoline 
consumption for an excise tax system. However, if 
both excise taxes and rebates are provided, it is pos-
sible for total automobile sales to increase. Impacts 
4 and 5, however, increase gasoline consumption. The 
improved fuel economy of new automobiles reduces their 
operating costs and thereby mitigates the, fuel efficiency 
improvement in additional travel per vehicle. Also, the 
impacts of this fuel economy policy on scrappage and  

the use of the existing fleet tend to reduce gasoline 
savings from what they would otherwise be. The in-
creased cost of new large automobile increases the 
value of similar used automobiles. Thus, these large 
used automobiles will be maintained longer and driven 
more than if no policy were implemented. Similarly, if 
new small vehicles are subsidized, their decreased cost 
will drive down the value and increase the scrappage of 
small used automobiles. These two effects combined 
result in a lower fleet efficiency for existing automobiles. 

The net result of all five impacts should be to reduce 
overall fuel consumption. To determine the extent of 
that reduction and also to estimate associated impacts 
on automobile sales, market shifts, scrappage, and 
other variables, the Federal Energy Administration 
(FEA) initiated research to evaluate automobile fuel 
economy tax policy. This research is still under de-
velopment, and the material presented in this paper 
represents interim results. Future research will im-
prove some of the data that have been used and provide 
a more elaborate model to analyze behavioral impacts. 

ANALYTICAL STRUCTURE 

The impact analysis of excise taxes on new automobiles 
includes both supply and demand of new automobiles. 
Figure 1 shows a schematic of the impact on new auto-
mobile supply. 

The excise tax and rebate program provides an in-
centive to each automobile manufacturer to improve the 
fuel economy of each model produced that is, or is po-
tentially, affected by the tax and rebate program. For 
example, if a model is produced that delivers 6.8 km/ 
liter (16 mpg) and the tax and rebate schedule specifies 
a $300 tax for 6.8-km/liter (16-mpg) automobiles and 
a $150 tax for 7.2-km/liter (17-mpg) automobiles, an 
incentive to the manufacturer exists to improve the fuel 
economy of that model to 7.2 km/liter (17 mpg). This 
incentive should induce a cost analysis for that model to 
determine what in terms of engine and chassis design, 
performance, and other characteristics might be changed 
on that model to deliver 7.2 km/liter (17 mpg). Further, 
if the tax incentive program provides that no tax be 
levied for automobiles that deliver 7.6 km/liter (18 mpg) 
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Figure 1. Automobile supply impact. 
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Figure 2. Automobile demand impact. 
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or better, then this cost analysis could conceivably be 
extended to that goal as well. For another model, 
which already delivers 7.6 km/liter (18 mpg) or better, 
the tax table, which begins at 7.2 km/liter (17 mpg) and 
extends downward, would provide no incentive to further 
improve the fuel economy of that model. 

After performing a cost analysis for each model af-
fected, the manufacturer would use, explicitly or im-
plicitly, some criterion for actually implementing fuel 
economy improvements. The criterion shown in Fig-
ure 1 is: Minimize the after-tax cost of each model to 
the consumer. This criterion is subject to various con-
straints regarding the nonprice characteristics of that 
model, for example, acceleration performance. Al-
though this is a complex area, it is probably accurate 
to say that the important marketing characteristics will 
be maintained so as to ensure continued demand for  

that model. 
Figure 2 shows the factors that will affect automobile 

demand. If the manufacturer minimizes the after-tax 
cost of each model produced, these automobiles will 
likely have different prices, fuel economies, and other 
hedonic characteristics from those that existed in the 
base case (no policy). To simplify the analysis, we as-
sumed that the other nonprice, nonfuel economy char-
acteristics do not change significantly. Thus, price and 
fuel economy are potentially affected in a significant way. 

Both of these may increase from the base case model. 
In addition, a tax or rebate may exist for that model that 
faces the consumer with a different after-tax cost of pur-
chasing the automobile. This after-tax cost will tend to 
be higher, relative to the base-line case, if the equilib-
rium fuel economy of a model is low. Alternately, the 
after-tax cost relative to the base case will be lower if 
the base-line fuel economy is high. An ambiguous 
middle ground exists if the base-line fuel economy is 
low and the equilibrium fuel economy is high. Cost in-
creases to achieve the improved fuel economy canpo-
tentially be offset by rebates. A continuum of p9ssibil-
ities exist over all affected models. 

The influence of the new automobile market supply 
and demand changes on total gasoline consumption is 
schematically shown in Figure 3. As indicated in Fig-
ures 1 and 2, the tax and rebate table (top of Figure 3) 
generates new automobile sales, model mix, and sales-
weighted fuel economy. Also, the change in the cost of 
new automobiles impacts used automobile scrappage and 
the fleet fuel economy of used automobiles. Given the 
operating cost characteristics of new and used automo-
biles, total travel demand can be estimated. Gasoline 
consumption is then determined in response to the policy 
option (i.e., the tax and rebate program). Figure 3 
shows basically what our analysis will attempt to simu-
late. 

For the purpose of providing some interim results 
for specific tax and rebate proposals, our analysis has 
temporarily concentrated on the new automobile market 
and given less attention to the secondary impacts on the 
used automobile fleet. To replicate the process shown 
in Figure 3 would obviously be impractical for each auto-
mobile provided. Instead, a set of market classes was 
used in which each market class represented an average 
response for all automobiles in that market class. The 
more heterogeneous these market classes are, the more 
inaccurate such a representation becomes. Ideally, each 
market class only includes a tightly homogeneous group 
of automobiles. Therefore, the market class system 
chosen should define as homogeneous submarkets as fea-
sible. In this study we adopted 5 marked classes: sub-
compact, compact, intermediate, standard, and luxury. 

To simulate the typical manufacturer's treatment of 
each market class in response- to the tax and rebate 
policy required a base-line fuel economy for each mar-
ket class over time. This base-line fuel economy cor-
responds to no government intervention in either the 
automobile or the gasoline markets under the expected 
regulatory environment regarding emissions and safety. 
To rigorously derive such a base line, however, involves 
difficulties that surpass the policy impact analysis itself. 
Therefore, based on the manufacturer's announced inten-
tions to improve fuel economy in response to market 
pressure (as opposed to government pressure), a con-
servative estimate of fuel economy improvements was 
selected that would yield a 40 percent improvement by 
1985 with no market shifts to smaller automobiles. This 
base-line forecast is given in Table 1. 

Data required to simulate the manufacturer's re-
sponse to the tax and rebate policy also include a fuel 
economy improvement cost curve for each market class 
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Table 1. Base-line fuel economy of automobile forecast by Gasoline Consumption Implied by 

J market class. Tax/Rebate Program 

Sub- 
Year 	Compact 	Compact 	Intermediate Standard 	Luxury 

1976 	11.6 	8.0 	6.7 5.6 	5.4 over time. 	This cost curve provides, within each mar- 
1977 	11.7 	8.2 	6.8 

	

197811.9 	8.3 	7.0 

	

5.7 	5.6 

	

5.9 	5.8 ket class for a given future year, the cost to improve 
1979 	12.2 	8.5 	7.2 6.0 	6.0 the fuel economy of the automobile over and above the 
1980 	12.3 	8.6 	7.4 6.4 	6.3 base-line fuel economy. 	By analyzing each market class 
1981 	12.5 	8.7 	7.5 6.7 	6.6 as if it were an individual model, one need only apply the 1982 	12.7 	8.9 	7.7 
1983 	12.9 	9.0 	7.9 

	

6.8 	6.7 

	

7.0 	6.9 suggested manufacturer's criterion five times for each 
1984 	13.2 	9.2 	8.0 7.0 	6.9 model year. 	In each case, the after-tax cost of a mar- 
1985 	13.3 	9.3 	8.2 7.0 	6.9 ket class can be minimized as long as the cost curves 
Note: 	Values are in kilometers per liter, where 1 km/liter = 2.35 mpg. are well behaved. 	That is, the cost curves should mdi - 

cate that each additional kilometer per liter improve - 
ment costs more. 	If they do not, multiple or indeter- 

Figure 4. Part 1 of simulation process. minate equilibrium may exist. 
Figure 4 shows the simulation process employed. The 
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(including expected markup to represent retail cost) are 
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evaluated in the same manner until the cost to improve 

4 the fuel economy exceeds the tax savings. 	When this 
happens, the final market class fuel economy, price, 

I Tax Incentive to' 
Improve Fuel 	I and tax are calculated for that year. 	The program goes 
Economy on to the next year, repeats the process, and continues 

4 for the next four market classes. 	In each market class 

I and year, equilibrium fuel economies, prices, and taxes 
Cost to Improve 
Fuel Economy 	J 

or rebates are determined. 	These outputs are shown at 
the top of Figure 5. 	An automobile demand model that 
estimates the demand for each market share generates 

Is Tax Savings ) 	Cost?j these new fuel economies and prices new market shares, 
new total automobile demand, and new sales-weighted 
fuel economy. 	The automobile demand model currently I 	Yes  

I 	Try Next being used is a logarithmic-linear function for each 
Step in 	 Stop ______ tax table I market class. 



43 

Aj=aflX'P'HP 	ij 
k 	j 

where 

A1  = demand for automobiles of market class i; 
P1  = price of automobiles in market class i; 
P3  = price of automobiles in other market classes j, 

Xk  = all other variables that affect the demand for 
A1; 

a = constant; 
e1  = price elasticity of demand for market class 

1; 
ce = cross-price elasticity of demand for market 

class i with respect to the price of market 
class j, j i; and 

ck = elasticities of demand for market class i with 
respect to variables Xk. 

Equation 1 was selected to model total automobile 
demand in each class because it is a constant elasticity 
model with within-class elasticity estimates that do not 
depend on the base-line level of automobile demand. 
The cross-price elasticities interconnect the price of 
one market class to each of the other market classes. 
In equation 1, these were partly derived from the fol-
lowing a priori criteria: 

Lower (higher) prices for a market class should 
increase (decrease) demand for that market class while 
not increasing (decreasing) demand for competing mar-
ket classes; 

Lower (higher) prices for a market class should 
increase (decrease) total demand for all market classes; 
and 

The shift in demand among similar market 
classes should be higher than that among less similar 
market classes. 

To satisfy criterion 1 above, 

e1 <0 	 (2) 

ce jj  0 	 (3) 

These parameter constraints can be demonstrated by 
differentiating automobile demand for each mode with 
respect to P1  and P. Constraints in equations 2 and 3 
are the familiar conditions on price elasticities (must 
be negative) and cross-price elasticities (must be posi-
tive or zero) for substitute goods. Criterion 2 requires 
a somewhat more complex constraint. Since total de-
mand must decrease given a price increase in a market 
class, the constraint in equation 4 guarantees that the 
total increase in the demand for other market classes 
(other than market class j) is smaller than the decrease 
in the demand for the market class that has a price in-
crease (market class j). 

aA 

3Ai  aA, 

ce jPA1 P" < -eP APrJ 

ceA <-eA 	 (4) 
ij  

This constraint can be used as the basis for an exact re-
lation between e j  and each ceii  by using criterion 3. Cri-
terion 3 requires that the shift should be higher between 
similar market classes than between less similar mar-
ket classes. If, as a starting point, it is assumed that 
the absolute market share shifts induced by a price 
change are equal, then 

I A \ 
ceii =_e(-) F(0.25) 	0< F< 1 	 (5) 

where A, A = base period automobile demand for mar-
ket class i, j. The factor 0.25 is based on the definition 
of five market classes, which implies four cross elas-
ticities in each market class in equation 1. 

In equation 5, the absolute shift between market 
classes is dependent on e3  and F but, regardless of their 
values, the shift to other market classes A1  (i = 1, . 
5; 1 j) is equal. To satisfy criterion 3, a weighting 
system can be introduced that alters the distribution of 
shift from that specified in equation 5. 

I A \ 
ceii =_e(,, ) Fd 	d1J = 1 	 (6) 

The factor 0.25 is replaced in equation 6 by a more 
general weighting factor d. This factor is larger when 
i and j are adjacent and is smaller as i and j represent 
more dissimilar market classes. For example, if i = 1, 
then dij is largest when j = 2, smaller when j = 3, still 
smaller when j = 4, and smallest when j = 5. The con-
straint that the sum of d11  over each i j = 1 preserves 
the property that when F = 1 the entire decline of demand 
for market class j is distributed over all other market 
classes with no net change in total automobile sales. 

Thus, the factor F represents the proportion of re-
duced sales in one market class (induced by a price in-
crease) that is shifted to increased sales in other mar-
ket classes. This is a particularly important parameter 
regarding the cost-effectiveness of excise taxes and re-
bates based on automobile fuel economy. As F ap-
proaches one, a tax on fuel -inefficient automobiles will 
have less impact on total automobile sales while pre-
cipitating more of a shift in the sales-weighted fuel 
economy than would be the case as F approaches zero. 
A relatively large value of F would mitigate the need for 
rebates on fuel-efficient automobiles to maintain total 
automobile sales. Also, since it is difficult to restrict 
tax rebates to domestic automobiles, tax rebates on 
fuel-efficient automobiles are likely to subsidize foreign 
automobile sales in the United States. 

Equation 6 reduces the number of price parameters to 
be estimated from 25 to 6. There are 25 price param-
eters for five market classes since there is a direct 
elasticity of demand between each market class and all 
others. Equation 6 reduces as many as 20 cross-
elastiôity estimates to one, depending only on the value 
of F and each direct elasticity estimate. 

Although these a priori considerations help simplify 
the problem of identifying the parameter values required 
for equation 1, they still do not eliminate the need for 
empirical observation. Up to now, equations 1 and 6 
have served as a test-bed for sensitivity analysis of tax 
policy under various assumptions. Recently, however, 
an FEA consultant developed a three -market -class 
shares (small, medium, and large) and total automobile 
demand model in the context of FEA's participation in 
the Interagency Task Force for Motor Vehicle Goals 
Beyond 1980 (i). 

Since our currently available cost data are in the 
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Figure 6. Tax and rebate tables by year. 
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context of five market classes, this model was not used. 
However, the results of the marketing and mobility 
model were used to estimate the in-class elasticities 
and the F-value required for equations 2 and 6. When 
the cost data are reestimated in the context of a three-
market-class framework, the marketing and mobility 
model will be used to derive policy impacts. Similarly, 
the consultant will provide more accurate and well- 

documented cost curves (2); the current cost curves are 
based on preliminary results of this contract. The range 
of uncertainty associated with the current estimates is 
high, and the number of technological steps on which the 
curves are based is too few. 

Despite these disclaimers and the substantial amount 
of work required to complete our intended improvements, 
the currently available cost curves and behavioral 
models can still be used to produce sample results. 

PRELIMINARY RESULTS 

The analytical procedure described above has been ap-
plied to analyze several legislative proposals that were 
introduced in Congress during 1975. The early tax pro-
posal of the House Ways and Means Committee was con-
sidered to illustrate the types of output provided by the 
tax and rebate model. 

Figure 6 shows the selected tax schedule. The tax 
program begins in 1977 at $200 for automobiles that de-
liver 5.5 km/liter (13 mpg) or less, indicated by boxes 
on the 1977 line from 0.4 to 5.5 km/liter (1 to 13 mpg) 
on the y-axis and $200 on the x-axis. At 6.0 km/liter 
(14 mpg) in 1977, the tax drops by $30 and continues to 
drop by similar amounts until at 8.42 km/liter (20 mpg) 
there is no tax; the sloped portion of 1977 line levels off 
at 0 tax from 8.5 km/liter (20 mpg) and above. In 1978 
the tax begins at $400 and also begins to drop off at 6.0 
km/liter (14 mpg) and reaches zero by 8.9 km/liter (21 
mpg). This progression continues through 1981 at a 
maximum tax of $1000, dropping off at 6.8 km/liter (16 
mpg) and becoming zero at 10.6 km/liter (25 mpg). In 
each successive year, the slope of the falling portion of 
the tax and rebate schedule is progressively steeper. 
This indicates a more substantial financial incentive to 
the manufacturers to improve the fuel economy of their 
automobiles. Also, the cost curves to improve automo-
bile fuel economy indicate higher fuel economy for im-
provements (for a given cost) in each successive year 
through 1981. 

In the first 2 years of the tax program, the financial 
incentive is too small to induce manufacturers to im-
prove the fuel economy of any automobiles beyond what 
they would otherwise be (base-line fuel economy). In 
Figure 7, this is shown by no direct cost for any of the 
five market classes in 1977 or 1978. In 1979, however, 
the tax incentive is sufficient to induce a $50 improve-
ment in market class 3 (intermediates). By 1980 all 
market classes except class 1 incur cost increases. In 
1981, the maximum direct cost incurred is in market 
class 5 (luxury) at $250 (indicated by diamonds in Fig-
ure 7). Market classes 4 (standards) and 3 (intermedi-
ates) both level off at $200 direct cost (shown in Figure 
7 by + for class 3 and X for class 4). Class 2 (compacts) 
incurs a $150 direct cost by 1981 (triangles in Figure 7), 
and class 1 (subcompacts) incurs no cost changes at all. 
The average base-line fuel economy of subcompacts is 
always above the point at which no tax incentive exists. 
Because of the homogeneity of class assumption, all 
subcompacts experience no fuel economy improvements 
above base line. 

From 1981 through 1985, the direct costs incurred 
in 1981 are assumed to hold, despite the lack of any tax 
incentive beyond 1981. This is an extreme assumption 
that is not likely to be realized. It is more likely to hold 
if manufacturers are locked in to given technologies be-
cause of capital commitments made in response to tax 
incentives of earlier years. The other extreme would 
be to drop the direct cost to zero for all market classes 
in 1982. Because of the capital required to realize im-
proved technologies to deliver better fuel economy, this 
assumption too is not likely to be realized. 
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Figure 8. Base versus imputed fuel economy. 	 Figure 10. Automobile sales by year. 
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This issue also introduces a more fundamental prob-
lem associated with the cost curves. They only indicate 
the cost of fuel economy improvements for a given year 
independent of any other year. Also, since they are de-
rived as an envelope of alternate technologies, there is 
no indication that by moving from one fuel economy level 
to another substantially different technologies and asso-
ciated capital investments would be required. Obviously, 
manufacturers must view a set of taxes and rebates as 
an interdependent set of incentives. The tax incentive 
in a single year will not be so strong in each year as a 
set of tax incentives during several years. The analy-
sis, at this point, does not simultaneously consider the 
tax incentives of all years. Rather, a recursive system  

is used in which a tax and rebate incentive for a given 
year only impacts the fuel economy of automobiles in 
that year and succeeding years. Although a simultaneous 
analytical structure could be designed, it would require 
a more sophisticated cost function than we currently have. 
This will be an important area for future research. 

The cost increases in market classes 2 through 5 paid 
for technical improvements of fuel economy above and 
beyond the base-line fuel economy. Figure 8 shows the 
base-line fuel economy (x-axis) versus the improved 
fuel economy (y-axis). For market class 1, which was 
unaffected by the House committee tax schedule, the fuel 
economy for 1975 through 1985 lies along the diagonal. 
However, market class 3 departs upward from the diag-
onal in 1979, and market classes 2, 4, and 5 also di-
verge in 1980. The percentage improvements of fuel 
economy for market classes 2 through 5 are shown in 
Figure 9. Maximum percentage improvements occur 
in either 1980 or 1981. Alter 1981, despite maintenance 
of technical improvements, the base-line fuel economy 
rises and thereby reduces the fuel economy impact mea-
sured as a percentage. 

The impact of both the cost changes and taxes on total 
automobile sales is shown in Figure 10. The maximum 
impact occurs in 1981 (demand down by 7.3 percent). 
Alter 1981 the taxes cease, and only cost changes cause 
the test case demand to be lower than the base case. 
This point is especially evident in Figure 11, which 
shows the gross revenue represented by the sales in 
Figure 10. The test case revenue is lower only in years 
for which taxes exist. After 1981, the test case and base 
case revenue are essentially equal, reflecting the esti-
mated price elasticity (near unity) of the marketing and 
mobility model. 

The tax revenue generated by the House committee 
program, shown in Figure 12, reaches a maximum of 
$3.34 billion in 1979. Despite the substantial increase 
of the taxes at given fuel, economies in 1980 and 1981, 
tax revenues are substantially reduced (to $2.53 billion 
in 1981) because of the substantial fuel economy im- 
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Figure 11. Gross revenues by year. 

YEARS 

Figure 13. Gas consumption by year. 
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provements in market classes 2 through 5 during 1980 
and 1981. 

The most important impact is on fuel consumption 
(Figure 13). Since the existing automobiles must be 
retired and replaced with new automobiles at a fairly 
gradual rate, the maximum fuel economy impacts are 
in the long term. In 1985, a 112.9-km3/day (0.71  

million -bbl/day) reduction in gasoline consumption is in-
dicated for the House committee tax program [882.4 km3/ 
day (5.55 million bbl/day) in the base case versus 771.1 
km3/day (4.85 million bbl/day) in the test case]. This 
represents a substantial energy savings, although sub-
stantial economic costs are required to achieve it. 
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ELECTIIC VEHICLES 
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This paper discusses the use of electric vehicles to save energy. Informa-
tion is given regarding the current technological limitations to producing 
and marketing these vehicles and how these can be overcome. Financing 
the vehicles is a major factor, and the argument is made that they should 
be financed over a 6-year period with lower insurance rates and the bat-
tery provided through a rental system. 

The best way to save urban transportation energy is to 
improve the energy efficiency of the internal combus-
tion engine (ICE). A study sponsored by the Federal 
Energy Administration estimates that a 40 percent in-
crease in new-automobile fuel economy would save 
almost 37 Mm3  (233 million bbl) of oil per year (1). 
That is clearly the way to go, and 1975 marks the be-
ginning of a rather substantial movement in that direc-
tion. Other policies might help in a marginal way, at 
least in the beginning. 

How else (besides improving ICE efficiency) might 
urban transportation energy be saved? The study cited 
above also estimates that doubling ridership of public 
transit would save 2.9 Mm3  (18 million bbl) of oil per 
year, just over the consumption of one average day. 
Doubling the size of transit operations to accommodate 
this new ridership would cost $61 billion (2). That is 
a capital expenditure of $3400 to save 0.16 m3  (1 bbl) of 
oil per year. The trouble is that simply doubling the 
size of transit systems will not necessarily double 
ridership, which means that the policy might be ineffec-
tive as well as costly. 

A feasible and more cost-effective transportation 
policy might encourage the development and use of ve-
hicles that would operate on electric power rather than 
on liquid hydrocarbon fuels. Such a policy would make 
us less vulnerable to manipulation by the oil cartel, at 
least to the extent that the policy resulted in gasoline 
savings. How much gasoline might be saved if electric 
vehicles were available to substitute for conventional 
vehicles? 

A study funded by the U.S. Environmental Protection 
Agency estimated that 17 percent, or 1 000 000, of the 
automobiles in the Los Angeles region could be electri-
cally powered without requiring their owners to change 
their driving patterns much (3). Assuming that the 
average conventional vehicle replaced would have  

traveled 50 km/day (30 miles/day) at 6 km/liter (15 mpg), 
approximately 3 Mm3  (18 million bbl) of gasoline per 
year would be saved, approximately the same as the 
hoped-for transit savings. One million electric vehicles 
would cost about $3.1 billion, which translates into 
$1006/m3  ($160/bbl) saved per year. Thus, develop-
ing one million electric vehicles is a more cost-effective 
policy than encouraging a shift from automobiles to 
transit. What is more, it probably can be achieved 
through proper financial incentives. 

Getting motorists to substitute electric for gasoline 
vehicles will not be easy, given the present state of 
electric-vehicle (El)) technology. An EV can be de-
signed and manufactured to serve adequately the patterns 
of metropolitan driving, most of which are made of short 
trips with one other passenger. But such a vehicle will 
cost at least as much to run per kilometer as a conven-
tional vehicle and will give much poorer performance. 
Why, then, would anybody want to own one? 

After reading a recent article in Consumer Reports 
(4), few people will want to own either the Citicar or the 
Elcar, whose performance and safety standards proved 
much too low for urban use. The shortcomings of both 
automobiles stem partially from the fact that they are 
not mass produced. So that the purchase price could be 
kept down and the range up, they were designed with per - 
formance that was too poor and bodies that were too 
light. To produce a higher quality, higher performance 
automobile at reasonable cost, manufacturers would have 
to produce electric automobiles in runs of one million. 
And that means that a mass market must be developed 
for them. 

The mass market for EVs will be limited for some 
time by their relatively primitive technology. Even so, 
the technology is adequate to the requirements. For ex-
ample, present technology (i.e., lead acid batteries) 
would permit the design of a 2-person subcompact with 
performance characteristics that almost matched those 
of a 1954 Beetle. That is, the electric vehicle could ac-
celerate at 5 km/h/s (3 mph/s) up to 50 km/h (30 mph), 
its top speed. Its urban driving range would be about 
55 km (35 miles), although in hilly terrain, cold weather, 
or near the end of battery life that range would be con-
siderably less. Such a vehicle might look like a Honda 
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Civic, weigh about the same, and cost approximately 
$3000, less batteries. 

The batteries are estimated to cost an additional 
$440. But that is not the whole story. The battery 
must be replaced every 32 000 km (20 000 miles) or so. 
That drives up the life-cycle cost per kilometer to some -
where near 7.1/km (11.5*/mile), including maintenance 
but not including taxes, insurance, or parking. Much of 
the cost per kilometer is in the battery replacement, 
2.2/km (3.5(/mile). 

A conventional subcompact that seats four people 
and has higher performance and unlimited range costs 
about 6.3/km (10.2/mile), a difference of 0.8/km 
(1.3C/mile). Electric automobiles might close both 
the cost and performance gap after 1985 or so, when 
either the zinc chlorine or lithium sulfur battery is 
available. Given the long lead time necessary, we 
should immediately encourage the mass manufacture 
and use of EVs at their current state of technology, de-
signing them so that they can accept better batteries 
later on. The existence of a large number of EVs will 
create a strong market pull for improved battery tech-
nology and higher performance vehicles. And that will 
expedite the substitution of electric vehicles for conven-
tional automobiles faster than government sponsored 
research and development programs will. 

By 1978, a low performance state-of-the-art electric 
vehicle could be developed to handle most urban driving 
needs except those involving freeways. This is a severe 
limitation, but not a crippling one. The average conven-
tional automobile now runs as much as 50 km/day (30 
miles/day), mostly short business and family-business 
trips no longer than 15 km (10 miles) or so. Most trips 
are entirely on urban streets that have speed limits of 
about 40 to 50 km/h (25 to 30 mph). And most urban 
trips involve 1.6 passengers per car. These business 
trip patterns can be met by a two-seater electric ve-
hicle with a 55-km (35-mile) range and maximum speed 
of 50 km/h (30 mph). Such a vehicle, however, could 
not handle social and recreational trips that cover 
greater distances at higher speeds with more passen-
gers. Thus, the electric vehicle must be used as part 
of a two-car strategy, one for business and one for 
pleasure. 

The potential inherent in the two-automobile market 
is great enough; more than 30 percent of the households 
in the country own more than one automobile. (The po-
tential seems to be growing, at least in the Washington, 
D.C., metropolitan area. A study by the Washington 
Center for Metropolitan Studies found that the number 
of families with two cars increased by 41 percent be-
tween 1970 and 1974.) The question is, How can a mil-
lion or more people who own two automobiles be moti-
vated to substitute one of them for an EV with higher 
costs per kilometer and lower performance and range 
characteristics? The answer may lie in how the EV 
purchase deal is financed. For better or worse, people 
buy automobiles not on a life-cycle cost basis but on a 
monthly -payment basis. 

A number of EV advantages can be wrapped into a 
monthly payment plan that looks attractive. 

Electric vehicles have a life of about 20 years, 
conventional vehicles last about 10 years. Therefore, 
EVs can be financed for 6 rather than 3 years. 

Since EVs will probably travel no more than 
1800 km/year (6000 miles/year), their insurance rates 
can be proportionally lowered. 

Since there are external benefits to be gained 
through the wide use of EVs, they might be financed, at 
8 percent (the current government borrowing rate) in-
stead of the current market rate. 

Table 1. Costs and monthly payments for two types of automobiles. 

Internal Electric Vehicle 
Combustion 
Subcompact, Subsidized 
3-Year 6-Year 	6-Year 
Financing Financing 	Financing 

Cost 	 ($) ($) 	($) 

Amortization 867 433 433 
Interest 130 104 104 
Insurance 140 84 84 
Battery - 210 Subsidized 

Per year 1137 883 673 
Per month 95 69 56 
Per workday (224 days/year) 5 4 3 

Battery technology is likely to improve dramati-
cally after 1985, so an EV program can start by renting 
the lead acid batteries and including the rental charge in 
a flat monthly payment that need not change even when 
the new batteries become available. 

Better still, since a substitution of electric power 
for gasoline by some people would ensure the supply of 
gasoline for other people, a cross subsidy is in order. 
Specifically, a percentage of the federal gas tax could 
be diverted to cover the high cost of using the interim 
lead acid batteries. For a million EVs, the total battery 
cost would be $440 million. That is 10 percent of the 
amount of fuel tax contributed to the Highway Trust Fund 
in 1974. (Present regulations do not preclude such a 
diversion. Probably several states with unspent highway 
money would have to get together for a mass production 
operation.) 

The data given in Table 1 show how these various in-
centives would affect monthly payments required to own 
or rent EVs and how they would compare with a conven-
tional Honda costing $3000. 

The monthly payments for the EV look good compared 
with the monthly payments for a conventional $3000 auto-
mobile. Payments on such an automobile assuming a 
$400 down payment and 10 percent interest for 3 years 
are about $95 per month, including insurance. If the 
EV were financed for 6 years with smaller insurance 
payments and slightly less interest, the payments might 
be as low as $69 per month. (The mechanics of financing 
EVs for 6 years would be modeled after the way aircraft 
are financed for foreign buyers. The first 3 years of 
ownership might be financed through conventional chan-
nels. For the second 3 years of financing the government 
would set up a federal corporation, such as the Energy 
Corporation suggested by Rockefeller, to raise and dis-
pense the necessary capital.) The difference of $26 per 
month may be attractive enough to induce some people 
to buy EVs. 

A much more attractive package can be put together 
if the lead acid battery can be lent without charge to the 
EV purchaser through the cross-subsidy scheme sug-
gested above. In that case, the total monthly payments 
might be about $56, a $39 per month difference. Will 
either low payment plan induce people to buy an electric 
vehicle slightly ahead of its "technological time ?" No-
body can answer that question for sure. Recall, how-
ever, what happened to the housing market when 10 to 
15-year mortgages were stretched to 20 and 30 years. 

Given the uncertainty of future demand, tooling up 
for a million automobiles is risky. Even the prospect 
of an attractive financing package is unlikely to induce 
manufacturers to take such a risk unless other means 
can be devised to encourage them. Loan guarantees 
and subsidies from the general fund come to mind, of 
course. But the administration is cool to these. Be- 



sides they may not be needed. What is needed is a fail-
safe strategy that will cost the government nothing but 
will generate a strong market pull. 

A strong market pull can be generated by opening up 
a brand new market for electric automobiles only. If 
it should turn out that low performance EV5 do not sell 
in sufficient numbers, 15 year olds could be licensed to 
drive them on streets and highways other than freeways 
where high performance is needed. That will tap an ex-
clusive market of 3.5 million individuals. Presumably, 
safety is the only reason to exclude 15 year olds from 
driving now. Low-speed, short-range vehicles may be 
safe enough for 15 year olds to drive. Indeed, low per-
formance would tend to protect 15 year olds and others 
from themselves. It should be pointed out that 15 year 
olds now operate motor boats, tractors, and so on. In 
any event, if it should turn out later that 15 year olds 
driving low performance EV5 are too frequently involved 
in accidents, the program need not be extended beyond 
1 year. 
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