<EPA

United States Air and Radiation EPA420-R-01-008
Environmental Protection September 2001
Agency

Light-Duty Automotive
Technology and Fuel
Economy Trends

1975 Through 2001

on Recycled

9 &
i%
-3

o



EPA420-R-01-008
\eIEPA September 2001

Light-Duty Automotive Technology and
Fuel Economy Trends

1975 Through 2001

by

Karl H. Hellman
Robert M. Heavenrich

Advanced Technology Division
Office of Transportation and Air Quality
U.S. Environmental Protection Agency

NOTICE

Thistechnical report does not necessarily represent final EPA decisions or positions.
It isintended to present technical analysis of issues using data which are currently available.
The purpose in the release of such reportsisto facilitate the exchange of
technical information and to inform the public of technical devel opments which
may form the basis for a final EPA decision, position, or regulatory action.



For More Information

Li ght - Duty Autonotive Technol ogy and Fuel Econony Trends 1975

t hrough 2001 (EPA420-R-01-008) is available electronically on the
Ofice of Transportation and Air Quality’'s (OTAQ Wb site at:

http://ww. epa. gov/otaqg/fetrends. ht m

Printed copies are available from

U.S. Environnental Protection Agency

Nati onal Service Center for Environmental Publications
P. O. Box 42419

Cincinnati, OH 45242-2419

(800) 490-9198

You can al so contact the OTAQ library for docunent information
at :

U.S. Environnental Protection Agency

Ofice of Transportation and Air Quality Library
2000 Traverwood Drive

Ann Arbor, M 48105

(734) 214-4311

A copy of the Fuel Econony Guide giving city and hi ghway fuel
econony data for individual nodels is avail able at

http://ww.fuel econony. gov

or by calling the U S. Departnment of Energy’s National
Alternative Fuels Hotline at (800) 423-1363.

EPA' s G een Vehicle Guide provides information about the air
pol luti on em ssions and fuel econony performance of vehicles; it
is available on EPA's web site at

http://ww. epa. gov/ gr eenvehi cl es/
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Executive Sunmary

| nt roducti on

This report summari zes key fuel econony and technol ogy usage
trends related to nodel year 1975 through 2001 |ight vehicles
sold in the United States. Light vehicles are those vehicles
that EPA and the U. S. Departnent of Transportation (DOT) classify
as cars or light-duty trucks (sport utility vehicles, vans, and
pi ckup ;rucks with less than 8,500 pounds gross vehicle wei ght
ratings).

Aver age new |light-vehicle fuel econony continues to decline.
Since peaking at 22.1 npg in 1987 and 1988, average |ight-vehicle
fuel econony has declined nearly eight percent to 20.4 npg and
for 2001 is lower than it has been at any tinme since 1980. The
primary reasons for this decline are the increasing nmarket share
of less efficient Iight trucks, increased vehicle weight, and
i ncreased vehicl e performance.

The fuel econony values in this report are based on
| aboratory data but for nost tables and anal yses in the report
have been adj usted downward, by about 15 percent, so that this
data is equivalent to the real world estimtes used on new
vehicle | abels, in the EPA/ DOE Fuel Econony @uide, and in EPA s
G een Vehicle Guide.

These adj usted fuel econony val ues, therefore, are
significantly | ower than those used by the DOT for conpliance
wi th fuel econony standards. 1In addition, the values in this
report exclude Corporate Average Fuel Econony (CAFE) credits for
alternative fuel capability and corrections for test procedure
gdjgz%nents that are included in the fuel econony data reported
y :



| mportance of Fuel Econony

_ Fuel econony continues to be a major area of public and
policy interest for several reasons, including:

1. Light vehicles account for approximately 40 percent of
all U S oil consunption. Crude oil, fromwhich nearly
all light-vehicle fuels are made, is considered to be a
finite natural resource.

2. Fuel econony is directly related to the cost of fueling a
vehicle and is of greater interest when oil and gasoline
prices rise, as has been the case in 2000 and 2001.

3. Fuel econony is directly related to carbon di oxi de
em ssions fromlight vehicles which contribute about 20
percent of all U S. carbon dioxide em ssions. Carbon
dioxide is the nost preval ent em ssion that many
scientists associate with gl obal warm ng.



Hi ghlight #1: Fuel Econony Is at a 21-Year Low

There has been an overall declining trend in new Iight-
vehi cl e fuel econony since 1988. The average fuel econony
for all nodel year 2001 |ight vehicles is 20.4 npg and is
lower than it has been at any tine since 1980. This val ue
is 1.7 npg (al nost 8 percent) |ower than the peak val ue of
22.1 npg achieved in 1987 and 1988. Wthin the |ight
vehi cl e category for nodel year 2001, average fuel econony
is 24.2 npg for cars and 17.3 npg for |ight trucks.

New | ight-vehicle fuel econony inproved fleet-wide fromthe
m ddl e 1970s through the late 1980s, but it has been consistently
falling since then. Viewed separately, the average fuel econony
for new cars has been essentially flat over the |ast 16 years,
varying only from23.6 npg to 24.4 npg. Simlarly, the average
fuel econony for new |ight trucks has been | argely unchanged for
the past 20 years, ranging from17.3 npg to 18.4 npg. The
i ncreasi ng market share of |ight trucks, which have | ower average
fuel econony than cars, accounts for much of the decline in fuel
econony of the overall new light vehicle fleet.

Fuel Economy by Model Year
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* Note the fuel econony data in this report have been revised since the
previous paper in this series was issued and adjusted downward by about 15
percent to be equivalent to the real world estinates used on new vehicle

| abel s, in the Fuel Econony @iide and the G een Vehicle Guide.



Hi ghlight #2: Trucks Represent Nearly Half of New Vehicle Sal es

Sal es of light trucks, which include sport utility vehicles
(SWs), vans, and pickup trucks, have risen steadily for
over 20 years and now make up nearly 47 percent of the U S
l'ight vehicle market — nore than tw ce their market share
in 1983.

Gowh in the light truck market has been | ed recently by
t he expl osive popularity of SUVs. The SUV narket share increased
by nore than a factor of ten, fromless than 2 percent of the
overall new |ight vehicle market in 1975 to nearly 22 percent of
the market in 2001. Over the sane period, the nmarket share for
vans nore than doubled from4.5 to 9.3 percent, and for pickup
trucks, grew from 13 to about 17 percent. Between 1975 and 2001,
mar ket share for new passenger cars and station wagons decreased
from81 to 53 percent. For nodel year 2001, cars average 24.2
npg, vans 19.3 npg, SUVs 17.2 npg and pi ckups 16.5 npg.

Sales Fraction by Vehicle Type
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Hi ghl i ght #3:

Const ant ,

Over the Past 20 Years, Fuel
VWil e Vehicle Wi ght and Power Are |ncreasing

Econony |Is Relatively

More efficient technol ogies continue to enter the new |ight
vehicle fleet and are being used to increase |ight vehicle
wei ght and accel eration while fuel econony is not being

I ncreased. Mbdel year 2001 |ight vehicles will have about

t he sane average fuel econony as those built twenty years
ago in nodel year 1981. Based on accepted engi neering

rel ati onshi ps, however, had the new 2001 |ight vehicle fleet
had t he sane average wei ght and perfornmance as in 1981, it
coul d have achi eved nore than 25-percent hi gher fuel
econony.

More efficient technol ogies -- such as engines with nore
val ves and nore sophisticated fuel injection systens, and
transm ssions with | ockup torque convertors and extra gears --
continue to penetrate the new |light vehicle fleet. The trend has
clearly been to apply these new technol ogi es to accommodat e
i ncreases in average new vehicle weight, power, and perfornance
whil e maintaining a constant |evel of fuel econony. This is
refl ected by heavier average vehicle weight (up 22 percent since
1981), rising average horsepower (up 84 percent since 1981), and
lower O to 60 mle-per-hour acceleration time (27 percent faster
since 1981).

Percent Change from 1981 to 2001
in Average Vehicle Characteristics
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Hi ghlight #4: Vehicles with Hi ghly Fuel Efficient Propul sion
Systens Are Beginning to Penetrate the Autonotive Fl eet

During the past 25 years, the nost significant change to
I'i ght-vehicle fuel econony technol ogi es may be the
i ntroduction of vehicles with hybrid propul sion systens.

The nodel year 2001 |ight-vehicle fleet includes two hybrid
vehi cl es: the Honda I nsight, which was introduced in 2000, and
the Toyota Prius, which was introduced in the U S. market in
2001. Both of these hybrid vehicles are equi pped with propul sion
systens that include as key conponents gasoline engines,
not or/ generators and batteries. The manual transm ssion equi pped
t wo-seater |Insight has Fuel Econony Cuide/label ratings of 61 npg
city and 68 npg highway. The Prius, a conpact car with Fuel
Econony Cui del |l abel ratings of 52 npg city and 45 npg hi ghway, is
the second hi ghest fuel econony vehicle on the nmarket in 2001.
The Insight’s conmbi ned fuel econony value is about 12 percent
hi gher than the nost fuel efficient, conventionally powered
vehicle sold in the United States since 1975, a nodel year 1986
Geo Sprint mni-conpact. The Insight’s fuel econony is also nore
than 40 percent higher than that for the nodel year 2001
Vol kswagen Beetl e/ Gol f/Jetta diesels and a gasol i ne- powered
Suzuki Swift. All of these conventionally powered vehicles are
equi pped with manual transm ssions.

Comparison of the Hybrid Vehicles with
Other High Fuel Economy Vehicles

MY2001 Average Small Car . .
MY2001 Suzuki Swift
MY2001 VW Diesels
MY1986 Geo Sprint ‘ ‘ | |
MY2001 Toyota Prius

MY2001 Honda Insight

Combined Miles per Gallon (mpg)
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Hi ghlight #5: Recent Pledges to Voluntarily Increase Fuel Econony

n July 27, 2000, Jacques Nasser, Ford Mtor Conpany’s chief
executive, pledged to increase the fuel econony of its
entire line of sport utility vehicles by 25 percent by the
2005 cal endar year. A few days |ater, on August 2, 2000,
Harry Pearce, General Mbtors vice chairman, pledged GV woul d
remain the light-truck fuel econony |eader. On April 7,
2001, Jurgen Schrenpp chai rman of Dai nml er Chrysl er, stated

t hat the fuel econony of their “fleet will match or exceed

t hose of other full-Iline manufacturers.”

If all manufacturers were to voluntarily increase the
average fuel econony of their entire |light-vehicle fleets by
25 percent by 2005, average new | ight-vehicle fuel econony
woul d i ncrease by five mles per gallon.

Based on the data available to date, with nodel year 2000 as
the base line, the follow ng graphs show the initial progress the
Ford (defined as Ford, Jaguar, Volvo, Land Rover, and Mazda),
General Mtors (i.e., GV Suzuki, Saab, Isuzu, and Subaru) and
Dai m erChrysler (i.e., Chrysler, Mercedes, and M tsubishi)
mar keti ng groups have made toward neeting their fuel econony
i mprovenent pl edges.

SUV Fuel Economy by Marketing Group
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The figures bel ow show t he fuel econony (npg) perfornmance by
mar keting group for light trucks (i.e., vans, SWs, and pickups)
and personal use (car and light truck) fleets for nodel years
2000 and 2001 and a projection for nodel year 2005 that
represents a 25-percent increase fromthe nodel year 2000 fuel
econony aver age.

Light Truck Fuel Economy by Marketing Group

Adjusted MPG
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Personal Use Vehicle Fuel Economy by Marketing Group
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Sunmmary

The fuel econony of the fleet of cars and |ight trucks
continues to decline. No matter how it is neasured, the fuel
econony has declined since its peak in the late 1980s and for
2001 is back to where it was 20 years ago.

Fl eet MPG
Measur e Peak Year/ Val ue 2001 A VPG %
Lab 55/45 MPG 1987/ 25.9 23.9 -2.0 -7.7
Adj usted MPG 1987/ 22. 1 20. 4 -1.7 -7.7

The primary reasons for the decline is the increasing narket
share of less fuel efficient |ight-duty trucks, increased
performance, and increased weight.

Vehi cl es equi pped with hybrid propul sion systens are
begi nning to penetrate the fleet. Fuel efficient hybrid
technology is the nost significant fuel econony technol ogy
introduced into the fleet in the last 25 years and the technol ogy
wi th the highest degree of potential for fleet fuel econony
I nprovenent .

The fuel economny potential represented by conventional
technologies already in the fleet ranges fromabout 9%to 27%
The fuel economny potential considering hybrid powertrain
technol ogy i s nuch hi gher.



Il. GCeneral Car and Truck Trends

Table 1 gives sales and fuel econony of passenger cars, |ight
trucks, and all light-duty vehicles (cars and light trucks) for
nodel years 1975 to 2001. As Figure 1 shows, for the past dozen
years, the fuel econony of the conbined car and light-truck fleet
has gradual |y declined and remai ns about two MPG or about 7%
bel ow t he peak val ue of 25.9 MPG attained in 1987 and 1988. Both
car and light-truck MPG have been very stable during this period;
since 1986, cars have been within 0.5 MPG of 28.1 and |ight trucks
within 0.5 MPG of 21.1 since 1983.

For My2001, average Laboratory MPG of all cars and trucks
conbined is projected to be 23.9; or |lower than any tine since
1980 when the average was 22.5. The decline in the overal
conmbi ned car/truck average is primarily due to the increasing
mar ket share of |ight trucks which have | ower average fuel econony
than cars. Using today’'s fuel econony values for cars and |ight
trucks and conputing a fleet average based on the |ight-truck
mar ket share in 1987--not 2001--, a value of 25.5 MPG can be
estimated which is close to the 25.9 obtained in the peak year of
1987, indicating that nuch of the decline since then can be
attributed to the increasing fraction of light-truck sales. The
increase in the light-truck share of the market is the nost
inmportant trend in the light vehicle fleet over recent years and
one which has yet to | evel off.

The figures and tables in this year’s report provide data
using two different approaches: the | aboratory-based val ues which
have been used previously in this series of reports and “adjusted”
MPG val ues which are based on the adjustnents made to the
| aboratory fuel econony values for the fuel econony infornmation
prograns: the Fuel Econony @i de and new vehicle fuel econony
| abel s. The adjusted city MPG value is 0.90 tines the | aboratory
city value, and the adjusted highway MPG value is 0.78 tinmes the
| aboratory MPG val ue. Presenting both MPG val ues all ows those who
foll ow fuel econony issues which are related to both types of MG
values to use the report nore easily. Further details about the
dat abase and cal cul ati ons can be found in Appendi x A

Figure 1 shows the trends in Adjusted MPG since 1975. The
downward trend seen since the |ate 1980s continues. Due to the
increase in sales of vans and SUVs, the estinmated |ight-truck
share of the market has now passed 46% nore than double what it
was in any year between 1975 and 1983. Vans and SUVs conbi ned
account for nearly 30% of this year’s fleet, conpared to about 6%
in 1975.

Tabl e 2 shows sonme of the characteristics of each year’s
fleet. At 3909 Ib., the average weight of the fleet is 53 |Db.



heavi er than | ast year’s, 708 Ib. heavier than it was at the
m nimumin 1981-82, and the fourth heaviest since 1975. It is
al so the nost powerful and estinmated to be the fastest since 1975.

| nfl uence of the “City Fraction”

I nherent in the “Conbined” or “55/45" MPG cal culation is the
apportionnment of the mles into those for which the “city” MPG
nunber is applicable and those for which the “hi ghway” MPG nunber
is applicable. Appendix D discusses this in nore detail. Wen the
conmbi ned MPG value was first introduced in the early 1970s, the
appropriate value was 55% for the city fraction and 45% for the
hi ghway fraction. Even though these val ues have been
institutionalized—for exanple, in the fuel econony standards—,
they were changi ng before the 1970s and are still changi ng today.
The val ues, obtained fromthe Departnment of Transportation’s VM1
tables, are listed in Appendix D. Over the years, the city
fraction has increased, reflecting the |larger growmh in urban
vehicle mles traveled (VMI). This would be expected to have a
| arger negative effect on conmbi ned MPG since a higher city
fraction weights the city MPG nore, and the city MPG is al nost
al ways | ower than the hi ghway MPG

Figure 2 shows the trends in adjusted city/hi ghway--wei ghted
MPG versus tine for cars, trucks, and cars and trucks combi ned.
For each strata on this figure, one |line shows the val ues as
estimated with a constant 55/45 value for the city fraction/
hi ghway fraction; the other line shows the value using the actua
val ues from Appendi x D.

If the adjusted MPG val ues provide an inproved estimte of
the MPG likely to be achieved in actual use, then accounting for
the increase in city fraction should inprove the estimate. 1In
this way, the conbined car and light truck Lab MPG nunber of 23.9
MPG can be adjusted to 20.4 using the 0.90/0.78 factors, and if
the change in city fraction is accounted for, a value of 20.0 MPG
for the on-road MPG of the conbi ned nodel year 2001 new vehicle
fleet is obtained, which is currently our best estimate for that
val ue.



Fuel Economy by Model Year
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Fuel Economy by Model Year
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Table 1
Fuel Econony Characteristics of 1975 to 2001 Light-Duty Vehicles
MODEL SALES <---- FUEL ECONOWY ----> TON CU-FT CU FT-

YEAR (000) FRAC LAB ADJ ADJ ADJ -MPG -MWPG TON- MPG
55/ 45 CTY HW 55/45

Cars

1975 8237 0. 806 15.8 12.3 15.2 13.5 27.6

1976 9722 0.788 17.5 13.7 16.6 14.9 30.2

1977 11300 0. 800 18. 3 14.4 17.4 15.6 31.0 1780 3423
1978 11175 0.773 19.9 15.5 19.1 16.9 30.6 1908 3345
1979 10794 0.778 20.3 15.9 19.2 17.2 30.2 1922 3301
1980 9443 0. 835 23.5 18.3 22.6 20.0 31.2 2136 3273
1981 8733 0. 827 25.1 19.6 24.2 21.4 33.1 2338 3547
1982 7819 0.803 26.0 20.1 25.5 22.2 34.2 2419 3645
1983 8002 0. 777 25.9 19.9 25.5 22.1 34.7 2476 3776
1984 10675 0.761 26.3 20.2 26.0 22.4 35.1 2482 3776
1985 10791 0. 746 27.0 20.7 26.8 23.0 35.8 2551 3881
1986 11015 0. 717 27.9 21.3 27.7 23.8 36.4 2608 3914
1987 10731 0.722 28.1 21.5 28.0 24.0 36.5 2604 3900
1988 10736 0. 702 28.6 21.8 28.5 24.4 37.3 2662 4007
1989 10018 0.693 28.1 21.4 28.3 24.0 37.4 2630 4034
1990 8810 0.698 27.8 21.1 28.1 23.7 37.8 2574 4055
1991 8524 0.678 28.0 21.2 28.3 23.9 37.8 2597 4055
1992 8108 0. 666 27.6 20.8 28.3 23.6 38.4 2598 4169
1993 8457 0. 640 28.2 21.3 28.8 24.1 38.8 2655 4214
1994 8414 0. 602 28.1 21.1 28.8 24.0 39.1 2638 4237
1995 9396 0.620 28.3 21.2 29.3 24.2 39.6 2676 4315
1996 7890 0. 600 28.3 21.2 29.3 24.2 39.8 2671 4342
1997 8335 0. 577 28. 4 21.3 29.4 24.3 39.9 2674 4341
1998 7964 0. 552 28.5 21.3 29.6 24.4 40.5 2683 4401
1999 8375 0. 550 28.2 21.1 29.2 24.1 40.6 2656 4441
2000 8853 0. 525 28.3 21.2 29.3 24.2 40.8 2687 4493
2001 8988 0.532 28.3 21.2 29.3 24.2 41.2 2719 4558



Tabl e 1, Continued
Fuel Econony Characteristics of 1975 to 2001 Light-Duty Vehicles
MODEL SALES <---- FUEL ECONOWY ----> TON

YEAR (000) FRAC LAB ADJ ADJ ADJ - MPG
55/45 CITY HW 55/45

Trucks
1975 1987 0.194 13.7 10.9 12.7 11.6 24. 2
1976 2612 0. 212 14. 4 11.5 13.2 12.2 26.0
1977 2823 0. 200 15.6 12.6 14.1 13.3 28.0
1978 3273 0. 227 15. 2 12.4 13.7 12.9 27.5
1979 3088 0. 222 14.7 12.1 13.1 12.5 27.3
1980 1863 0. 165 18.6 14.8 17.1 15.8 30.9
1981 1821 0.173 20.1 16.0 18.6 17.1 33.0
1982 1914 0. 197 20.5 16.3 19.0 17.4 33.7
1983 2300 0. 223 20.9 16.5 19.6 17.8 34.0
1984 3345 0. 239 20.5 16.1 19.3 17.4 33.5
1985 3669 0. 254 20.6 16.2 19.4 17.5 33.7
1986 4350 0. 283 21.4 16.9 20.2 18.3 34.4
1987 4134 0. 278 21.6 16.9 20.7 18.4 34.5
1988 4559 0. 298 21.2 16.5 20.4 18.1 34.9
1989 4435 0. 307 20.9 16.3 20.1 17.8 35.2
1990 3805 0. 302 20.7 16.1 20.2 17.7 35.6
1991 4049 0. 322 21.3 16.4 20.7 18.1 36.0
1992 4064 0. 334 20.8 16.1 20.4 17.8 36.2
1993 4754 0. 360 21.0 16.1 20.7 17.9 36.6
1994 5572 0. 398 20.8 16.0 20.4 17.7 36.7
1995 5749 0. 380 20.5 15.8 20.2 17.5 36.9
1996 5254 0. 400 20.8 16.0 20.7 17.8 37.8
1997 6117 0.423 20.6 15.8 20.4 17.6 38.3
1998 6477 0. 448 20.9 16.0 20.8 17.8 38.3
1999 6839 0. 450 20.5 15.7 20.3 17.5 38.6
2000 8012 0. 475 20.5 15.7 20.3 17.5 38.6
2001 7902 0. 468 20.3 15.6 20.0 17.3 39.2



Tabl e 1, Continued
Fuel Econony Characteristics of 1975 to 2001 Light-Duty Vehicles
MODEL SALES <---- FUEL ECONOWY ----> TON

YEAR (000) FRAC LAB ADJ ADJ ADJ - MPG
55/45 CITY HW 55/45

Bot h
1975 10224 1.000 15.3 12.0 14.6 13.1 26.9
1976 12334 1.000 16. 7 13.2 15.7 14.2 29.3
1977 14123 1.000 17. 7 14.0 16.6 15.1 30.4
1978 14448 1.000 18.6 14.7 17.5 15.8 29.9
1979 13882 1.000 18. 7 14.9 17.4 15.9 29.5
1980 11306 1.000 22.5 17.6 21.5 19.2 31.2
1981 10554 1.000 24. 1 18.8 23.0 20.5 33.1
1982 9732 1.000 24.7 19.2 23.9 21.1 34.1
1983 10302 1.000 24.6 19.0 23.9 21.0 34.5
1984 14020 1.000 24.6 19.1 24.0 21.0 34.7
1985 14460 1.000 25.0 19.3 24.4 21.3 35.3
1986 15365 1.000 25.7 19.9 25.1 21.9 35.8
1987 14865 1.000 25.9 20.0 25.5 22.1 35.9
1988 15295 1.000 25.9 19.9 25.5 22.1 36.6
1989 14453 1.000 25.4 19.5 25.2 21.7 36.7
1990 12615 1.000 25.2 19.3 25.1 21.5 37.1
1991 12573 1.000 25. 4 19.4 25.3 21.7 37.2
1992 12172 1.000 24.9 18.9 25.0 21.3 37.6
1993 13211 1.000 25.1 19.1 25.2 21.4 38.0
1994 13986 1.000 24.6 18.7 24.7 21.0 38.2
1995 15145 1.000 24.7 18.8 25.0 21.1 38.6
1996 13144 1.000 24. 8 18.7 25.1 21.2 39.0
1997 14451 1.000 24.5 18.6 24.8 20.9 39.2
1998 14441 1.000 24. 5 18.5 24.9 20.9 39.5
1999 15215 1.000 24.1 18.3 24.4 20.6 39.7
2000 16866 1.000 24.0 18.2 24.2 20.5 39.8
2001 16890 1.000 23.9 18.2 24.1 20.4 40. 3



Table 2
Vehicl e Size and Design Characteristics of 1975 to 2001 Light Duty Vehicles

S Measured Characteristics ---------- > <-- Percent by -—>

MODEL SALES ADJ VOL WeHT 0-60 TOP  HP/ VEHI CLE SI ZE

YEAR (000) FRAC 55/45 CU-FT LB TIME SPD W SMALL M D LARGE

MPG
Cars

1975 8237 .806 13.5 4057 14.2 111 .0331 55.4 23.3 21.3
1976 9722 .788 14.9 4058 14.4 110 .0324 55.4 25.2 19.4
1977 11300 .800 15.6 110 3943 14.0 111 .0335 51.9 24.5 23.5
1978 11175 .773 16.9 109 3587 13.7 111 .0342 44.7 34.4 21.0
1979 10794 .778 17.2 108 3484 13.8 110 .0338 43.7 34.2 22.1
1980 9443 .835 20.0 104 3101 14.3 107 .0322 54.4 34.4 11.3
1981 8733 .827 21.4 106 3075 14.4 106 .0320 51.5 36.4 12.2
1982 7819 .803 22.2 106 3054 14.4 106 .0320 56.5 31.0 12.5
1983 8002 .777 22.1 108 3111 14.0 108 .0330 53.1 31.8 15.1
1984 10675 .761 22.4 107 3098 13.8 109 .0339 57.4 29.4 13.2
1985 10791 .746 23.0 108 3092 13.3 111 .0355 55.7 28.9 15.4
1986 11015 .717 23.8 107 3040 13.2 111 .0360 59.5 27.9 12.6
1987 10731 .722 24.0 106 3030 13.0 112 .0365 63.5 24.3 12.2
1988 10736 .702 24.4 107 3046 12.8 113 .0375 64.8 22.3 12.8
1989 10018 .693 24.0 107 3099 12.5 115 .0387 58.3 28.2 13.5
1990 8810 .698 23.7 107 3175 12.1 117 .0401 58.6 28.7 12.8
1991 8524 .678 23.9 106 3153 11.8 118 .0413 61.5 26.2 12.3
1992 8108 .666 23.6 108 3239 11.5 120 .0428 56.5 27.8 15.6
1993 8457 .640 24.1 108 3207 11.6 120 .0425 57.2 29.5 13.3
1994 8414 .602 24.0 108 3249 11.4 121 .0432 58.5 26.1 15.4
1995 9396 .620 24.2 108 3262 10.9 125 .0460 57.3 28.6 14.0
1996 7890 .600 24.2 108 3281 10.8 125 .0464 54.3 32.0 13.6
1997 8335 .577 24.3 108 3274 10.7 126 .0469 55.1 30.6 14.3
1998 7964 .552 24.4 108 3306 10.6 127 .0475 49.4 39.2 11.5
1999 8375 .550 24.1 109 3364 10.5 128 .0481 47.7 39.7 12.6
2000 8853 .525 24.2 109 3367 10.4 129 .0490 46.5 34.3 19.2
2001 8988 .532 24.2 110 3380 10.3 130 .0494 46.7 35.2 18.2



Vehicl e Size and Design Characteristics of 1975 to 2001 Light Duty Vehicles

MODEL SALES ADJ
YEAR (000) FRAC 55/ 45
MPG
Trucks
1975 1987 .194 11.6
1976 2612 .212 12.2
1977 2823 .200 13.3
1978 3273 .227 12.9
1979 3088 .222 12.5
1980 1863 .165 15.8
1981 1821 .173 17.1
1982 1914 .197 17.4
1983 2300 .223 17.8
1984 3345 .239 17.4
1985 3669 .254 17.5
1986 4350 .283 18.3
1987 4134 .278 18.4
1988 4559 .298 18.1
1989 4435 .307 17.8
1990 3805 .302 17.7
1991 4049 .322 18.1
1992 4064 .334 17.8
1993 4754 .360 17.9
1994 5572 .398 17.7
1995 5749 .380 17.5
1996 5254 400 17.8
1997 6117 .423 17.6
1998 6477 .448 17.8
1999 6839 .450 17.5
2000 8012 .475 17.5
2001 7902 .468 17.3
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Table 2, Continued
Vehicl e Size and Design Characteristics of 1975 to 2001 Light Duty Vehicles

<------- Measured Characteristics ------- > <-- Percent by --—>
MODEL SALES ADJ WGHT 0-60 TOP  HP/ VEHI CLE SI ZE
YEAR (000) FRAC 55/45 LB TIME SPD W SMALL M D LARGE
MPG
Both Cars and Trucks
1975 10224 1.000 13.1 4060 14.1 112 .0335 46.8 23.5 29.8
1976 12334 1.000 14.2 4079 14.3 111 .0328 45.6 24.2 30.3
1977 14123 1.000 15.1 3981 13.8 112 .0339 43.8 23.7 32.5
1978 14448 1.000 15.8 3715 13.6 112 .0344 37.0 31.7 31.2
1979 13882 1.000 15.9 3655 13.9 110 .0335 37.3 30.9 31.7
1980 11306 1.000 19.2 3227 14.3 107 .0320 50.1 31.6 18.3
1981 10554 1.000 20.5 3201 14.4 107 .0318 46.6 33.4 20.0
1982 9732 1.000 21.1 3201 14.4 107 .0320 49.6 31.0 19.5
1983 10302 1.000 21.0 3257 14.1 108 .0327 44.9 34.9 20.1
1984 14020 1.000 21.0 3261 14.0 109 .0332 48.4 33.4 18.2
1985 14460 1.000 21.3 3271 13.5 110 .0347 46.5 33.9 19.7
1986 15365 1.000 21.9 3237 13.4 111 .0351 49.3 33.7 17.0
1987 14865 1.000 22.1 3220 13.1 112 .0361 51.4 34.1 14.5
1988 15295 1.000 22.1 3283 12.8 114 .0372 50.0 32.7 17.3
1989 14453 1.000 21.7 3351 12.5 115 .0382 44.7 37.6 17.7
1990 12615 1.000 21.5 3426 12.2 117 .0394 44.9 37.2 17.8
1991 12573 1.000 21.7 3409 12.1 118 .0402 45.3 39.4 15.2
1992 12172 1.000 21.3 3512 11.8 120 .0413 41.1 39.9 19.0
1993 13211 1.000 21.4 3518 11.8 120 .0416 39.8 42.4 17.8
1994 13986 1.000 21.0 3600 11.7 121 .0420 39.1 40.6 20.3
1995 15145 1.000 21.1 3612 11.3 123 .0438 38.8 41.9 19.3
1996 13144 1.000 21.2 3658 11.1 125 .0447 35.2 46.0 18.7
1997 14451 1.000 20.9 3727 11.0 126 .0452 36.1 39.9 24.1
1998 14441 1.000 20.9 3744 10.9 126 .0457 31.2 47.9 20.8
1999 15215 1.000 20.6 3835 10.7 128 .0465 29.7 46.9 23.4
2000 16866 1.000 20.5 3856 10.7 129 .0470 29.7 42.7 27.6
2001 16890 1.000 20.4 3909 10.5 130 .0481 28.1 43.2 28.7
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The distribution of MPGin any nodel year is of interest.
In Figure 3, highlights of the distribution of MPGis shown since
1975. Since 1975, the distribution has both narrowed and
wi dened. Now, 50% of the cars are within 4 MPG of each ot her,
but the range of the best to the worst has increased from about
3:1 in 1975 to about 6:1 today. The range of light-truck MPGis
narrower, as seen in Figure 4.

In absolute terns, the fuel econony difference between the
| east efficient and nost efficient car increased from about 20
MPG in 1975 to nearly 40 MPG a decade later in 1985 and is now,
with the introduction for sale of the Honda Insight gasoline-
electric hybrid vehicle, nore than 50 MPG

The overall MPG distribution trend for trucks is very
simlar to that for cars, except that there is a peak in the
efficiency of the nost efficient truck in the early 1980s when
smal | pickup trucks equi pped with D esel engi nes were being sold.
As a result, the fuel econony range between the nost efficient
and |l east efficient truck has narrowed from about 30 MPG in 1983
to about 15 MPGthis year. Half of the trucks built each year
since 1991 have been within about 4 MPG of each year’s average
fuel econony val ue.

Considering the trends in the fuel econony of cars, |ight
trucks, and the conbined fleet, it is usually the case that the
conbi ned 55/45 MPG value is considered. |In addition to the city
fraction, the relationship between the highway MPG and the city
MPG i nfluences the result of the calculation. The trend in the
ratio of highway MPGto city MPGis shown on Figure 5. 1In the
md 1970s, the value was about 1.4. Currently, it is about 1.7
for light trucks and 1.9 for cars using |aboratory data, with the
trend line for each being relatively flat for the past 6 or 7
years. The overall influence since 1975 has tended toward
i nproved 55/45 MPG since the highway MPG val ues have gone up
slightly or renai ned about the sane.
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[11. Trends by Vehicle Type and Size d ass

Figure 1 and Table 1 show that trucks are expected to
account for over 46% of the light-duty vehicles produced during
nodel year 2001. 1In the next series of figures and tables, cars
and light trucks are classified into five vehicle types: cars
(i.e., coupes, sedans, and hatchbacks), station wagons, vans,
sports utility vehicles (SUvs), and pickup trucks; and three
vehicle sizes: small, mdsize, and large. Note that vehicles
have not been produced recently in the Small Van and Large WAagon
cl asses. Appendi xes F and G contains a series of tables
describing light-duty vehicles at the vehicle size/type |evel of
stratification.

In sonme of the tables and figures, only four classes are
used. In these cases, the wagons are nerged with the cars. This
i s because the wagon class for sone instances is so snall that
the information is better represented by conbining the car and
t he wagon cl asses.

Tabl e 3 conpares sales fractions by vehicle type and size
for nodel years 1975, 1988, and 2001. Since 1975, the | argest
increases in sales fraction on this basis have been for m dsize
SUWs and mi dsize vans. These two truck-size classes are expected
to account for al nost 20% of the vehicles built this year,
conpared to a conbined total of about 4% and 10%in 1975 and
1988, respectively. Conversely, the largest sales fraction
decrease has occurred for small cars which accounted for 40% of
all light-duty vehicles produced in both 1975 and nearly 44%in
1988. Wile their sales fraction has consistently remained the
| argest of the 15 vehicle sizes and types, it has since decreased
to about 24% and thus is a little nore than half what it was in
1975.

An overall decrease has occurred for |arge cars which
accounted for about 15%of total light-duty sales in 1975 when
they ranked third. Between then and 1988, their sales fraction
dropped alnost in half but has increased this year.

Considering the five classes: cars, wagons, SUVs, vans, and
pi ckups, since 1975 the biggest increase has been for SUVs, up
fromless than 2% of the market to over 20% and the biggest
decrease for cars, down fromover 70%to |l ess than 50% Cars and
wagons toget her have | ost roughly the same market share that vans
and SUVs toget her have gai ned.
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Tabl e 3

Sal es Fractions of MY1975, MY1988 and MY2001
Li ght-Duty Vehi cl es by Vehicle Size and Type

Difference in Sales Fraction

Vehi cl e Sal es Fraction From 1975 From 1975 From 1988
Type Si ze 1975 1988 2001 To 2001 To 1988 To 2001
Car Snal | 40.0% 43.8% 23.8% -16.2% 3. 9% -20.1%
Mdsize 16.0% 13.8% 15.9% -0.1% -2.1% 2. 1%
Lar ge 15. 2% 8.5% 9. 7% -5.5% -6. 7% 1.1%
Al l 71.2% 66.2% 49.3% -21.8% -5. 0% -16. 9%
Wagon Smal | 4. 7% 1.7% 1.1% -3.6% -3. 0% -0.6%
M dsi ze 2.8% 1.9% 2.8% -0. 0% -1. 0% 1.0%
Large 1. 9% 0. 5% 0. 0% -1. 9% -1.4% -0. 5%
Al | 9. 4% 4, 0% 3.9% -5.5% -5. 4% -0.1%
Van Smal | 0. 0% 0. 4% 0. 0% -0. 0% 0. 3% -0.4%
M dsi ze 3. 0% 6.2% 8.1% 5.2% 3.2% 2. 0%
Lar ge 1.5% 0. 9% 1.2% -0.3% -0.6% 0.3%
Al | 4. 5% 7. 4% 9. 3% 4. 9% 2. 9% 1. 9%
SWw Smal | 0. 5% 1. 9% 2. 0% 1.5% 1.4% 0.2%
M dsi ze 1. 2% 4,.0% 11.6% 10. 4% 2.8% 7.6%
Lar ge 0.1% 0.5% 7.1% 7.0% 0.3% 6. 6%
Al | 1. 8% 6.3% 20.7% 18. 9% 4. 5% 14. 4%
Pi ckup Snal | 1.6% 2.2% 1.2% -0.3% 0.7% -1. 0%
M dsi ze 0. 5% 6. 9% 4. 7% 4. 2% 6. 4% -2.2%
Large 11. 0% 7.0% 10. 7% -0. 3% -4.1% 3.8%
Al l 13.1% 16.1% 16. 7% 3.6% 3. 0% 0. 6%
Al Trucks 19.4% 29.8% 46.8% 27. 4% 10. 4% 17. 0%
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Tabl e 4
Worst, Average, and Best Fuel Adjusted Economy by Vehicle Type and Size

Vehi cl e 1975 1988 2001
Type Si ze Worst Avg. Best Wor st Avg. Best Wor st Avg. Best
Car Smal | 8.6 15.6 28.3 7.5 26.0 55.6 10.0 26.3 63.8
Mdsize 8.6 11.6 18.4 10.6 22.8 28.0 12.8 23.3 28.5
Large 8.4 11.2 14.6 10.1 20.7 26.3 12.8 21.7 25.1
Al 8.4 13.4 28.3 7.5 24.5 55.6 10.0 24.3 63.8
Wagon Smal | 11.8 19.1 24.1 17.3 26.6 33.7 17.5 22.7 30.9
Mdsize 8.4 11.3 25.0 17.7 22.4 28.0 15.8 24.4 31.3
Lar ge 8.4 10.2 12.8 19.4 19.5 19.6 --- --- ---
Al l 8.4 13.8 25.0 17.3 23.6 33.7 15.8 23.9 31.3
Van Smal | 16.2 17.5 18.5 15.7 20.8 25.3 --- --- ---
Mdsize 8.2 11.3 18.4 11.4 18.6 23.7 16.3 20.1 21.7
Lar ge 8.9 10.7 14.5 10.0 14.4 17.0 12.8 15.5 17.5
Al l 8.2 11.1 18.5 10.0 18.0 25.3 12.8 19.3 21.7
SW Smal | 10.2 13.7 16.3 15.8 20.6 28.2 16.0 20.5 27.2
Mdsize 8.2 10.2 18.4 10.3 16.6 23.9 12.1 18.1 25.4
Large 7.9 10.3 13.7 12.3 14.2 19.0 13.1 15.2 18.5
Al 7.9 11.0 18.4 10.3 17.4 28.2 12.1 17.2 27.2
Pi ckup Snal | 13.0 19.2 20.8 13.5 21.2 24.9 16.0 19.3 23.9
Mdsize 17.8 17.9 18.0 15.5 21.5 26.2 13.8 17.4 23.6
Large 7.6 11.1 18.5 9.9 15.4 21.2 12.3 15.9 18.7
Al 7.6 11.9 20.8 9.9 18.3 26.2 12.3 16.5 23.9
Al l Cars 8.4 13.5 28.3 7.5 24.4 55.6 10.0 24.2 63.8
Al Trucks 7.6 11.6 20.8 9.9 18.1 28.2 12.1 17.3 27.2
Al l Vehicles 7.6 13.1 28.3 7.5 22.1 55.6 10.0 20.4 63.8

Tabl e 4 shows the average, worst, and best adjusted MPG
performance in the five classes for the three sel ected years.
| mprovenents in nearly every class are seen from 1975 to 1988.
For 2001, the MPG performance is such that the large vehicles in
sone categories have better fuel econony than the corresponding
entry for small vehicles in 1975.

In Table 5, the percentage changes obtainable fromthe
entries in Table 4 are presented. Mdsize cars and wagons have
i nproved over 100% Overall, the across-the-board inprovenents
in MPG seen in Table 4 are reproduced here.
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Table 5

Percent Change in Wrst, Average, and Best Adjusted Fuel Econony
by Vehicle Type and Size

Vehi cl e From 1975 to 2001 From 1975 to 1988 From 1988 to 2001
Type Si ze Wrst Avg. Best Worst Avg. Best Wor st Avg. Best
Car Smal | 16% 69% 125% -13% 67% 96% 33% 1% 15%
M dsi ze 49% 101% 55% 23% 97% 106% 21% 2% 2%
Large 52% 94% 72% 20% 85% 101% 27% 5% -5%
Al l 19% 81% 125% -11% 83% 96% 33% -1% 15%
Wagon Snal | 48% 19% 28% 47% 39% 40% 1% -15% -8%
M dsi ze 88% 116% 25% 111% 98% 12% -11% 9% 12%
Lar ge 131% 91% 53%
Al l 88% 73% 25% 106% 71% 35% -9% 1% -7%
Van Snmal | -3% 19% 37%
M dsi ze 99% 78% 18% 39% 65% 29% 43% 8% -8%
Large 44% 45% 21% 12% 35% 17% 28% 8% 3%
Al 56% 74% 17% 22% 62% 37% 28% 7% -14%
SW Smal | 57% 50% 67% 55% 50% 73% 1% -0% -4%
M dsi ze 48% 77% 38% 26% 63% 30% 17% 9% 6%
Large 66% 48% 35% 56% 38% 39% % 7% -3%
Al 53% 56% 48% 30% 58% 53% 17% -1% -4%
Pi ckup Snal | 23% 1% 15% 4% 10% 20% 19% -9% -4%
M dsi ze -22% -3% 31% -13% 20% 46% -11%-19% -10%
Lar ge 62% 43% 1% 30% 39% 15% 24% 3% -12%
Al l 62% 39% 15% 30% 54% 26% 24%-10% -9%
Al l Cars 19% 79% 125% -11% 81% 96% 33% -1% 15%
Al l Trucks 50% 49% 31% 30% 56% 36% 22% -4% -4%
Al Vehi cl es 32% 56% 125% -1% 69% 96% 33% -8% 15%
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Figure 6 depicts the sales fraction trends shown in the
previous tables. The rise in the sales fraction of the SUV and
van classes is clearly shown as is the decline in the car class
and the nearly constant market share of the pickup class.

Figures 7 through 10 show trends in perfornmance, weight, and
adj usted fuel econony for cars, vans, SUVs, and pickups. Al
show i ncreasi ng wei ght and i ncreased perfornmance over roughly the
| ast two decades. The fuel econony picture is m xed, vans
i ncreasi ng, cars and SUVs about constant, and pi ckups decreasing
during the sanme tinme period.

Figure 11 shows the four classes conpared on a ton- MG
basis. In this neasure of efficiency, cars and vans are about
the sane and better than SUVs which are |ike pickups.

Sales Fraction by Vehicle Type

Sales Fraction

20%, <—\an

<—Pickup

1975 1980 1985 1990 1995 2000
Model Year

Figure 6
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Ton-MPG by Model Year
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Anot her way to | ook at the performance of different types of
vehicles is by a classification other than size: weight, for
exanple. In Figures 12 through 15, the four classes of vehicles
are shown by weight class. Model years 1975 and 2001 are shown.
The graphs all show the sane trends with wei ght +hat as wei ght
i ncreases, MPGtends to decrease. Sone of the trends may | ook
flat because the scales for all four graphs are the sane and are
i nfluenced by the high MPG of the 2000-1b weight class for 2001.

Figures 16 through 19 provide an indication of the market
share of different weight vehicles within the different classes.
Trends wthin classes are shown which underlie the increasing
wei ght shown by the classes as a whol e.
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| V. Mar keti ng G oups

Past reports in this series have reported on fuel econony
trends in terms of the whole fleet of cars and light trucks and
in various subcategories of interest, e.g., by weight class, by
size class, etc. In addition, there has been a treatnent of
trends by groups of manufacturers. Initially, these groups were
derived fromthe “Donmestic” and “lnport” categories which are
part of the autonobile fuel econony standards categories. This
cl assification approach evolved into a market segnent approach in
whi ch vehicles were apportioned to a “Donestic,” “European,” and
“Asi an” category.

In this report, the trends by groups of manufacturers have
been changed to reflect the transnational and transregi onal
nature of the autonobile industry. As the industry transitions
to one in which there are a snmaller nunber of independent
conpani es, we begin to reflect trends by “Marketing G oup.” The
CGeneral Motors Goup (G5 includes GM (which has al ways i ncl uded
Qpel ), Suzuki, Saab, |suzu, and Subaru. The Ford Mdtor G oup
(FM3 includes Ford, Jaguar, Volvo, Land Rover, and Mazda. The
Dai mer Chrysler Goup (DCG includes Chrysler, Mercedes Benz,
and M tsubi shi.

The bal ance of the fleet is conprised of Toyotal/lLexus and
Honda/ Acura, with the rest of the market conprised of all others:
“Qt her.” Table 6 and Table 7 provide fuel econony val ues for
t he marketing groups descri bed above for nodel years 2000 and
2001. The “Other” group totals about 10%to 11% of the market.

Tabl e 8 and Table 9 show fuel econony val ues by narketing
group and vehicle class for nodel year 2000 using the Adjusted
MPG (Tabl e 8) and Laboratory MPG (Table 9). Table 10 and Tabl e
11 present the sanme information for nodel year 2001.*

The data in tables for 2000 and 2001 can be used to
i nvestigate year-to-year changes in fuel econony between
different classes and nmarketing groups.

As we discussed in |last year’s report, Ford has announced
that they intend to inprove the fuel econony of all their SUVs by
25%in five years. Considering the data in Table 8 through Table
11, it can be seen that the fuel econony for the FM5G SUV cl ass
has i nproved between 2000 and 2001, although it should be noted
that the +25% comm tnent by Ford may incl ude vehicl es heavi er
than the heaviest SUVs contained in the data base that was used
to prepare this report.

*As explained in Appendix A the |aboratory fuel econony val ues
in this report are [ower than those reported by the Departnent of
Transportation.
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Table 6
Model Year 2000 Unadjusted (Laboratory) 55/45 Fuel Econony by Marketing G oup

G oup G oup Menber Added Cars Trucks Bot h
GM GM 28.1 20.6 24.3
Above plus Subaru 28.1 20.8 24. 4
Above plus Isuzu ---- 20.7 24.3
Above pl us Suzuki 28.1 20.8 24.3
Above plus Saab 28.1 ---- 24.3
Entire GM G oup 28.1 20.8 24.3
Ford Ford 26.8 19.9 22.2
Above pl us Mazda 27.1 20.0 22.5
Above plus Vol vo 27.0 ---- 22.6
Above plus Jaguar 26.9 .- 22.6
Above plus Land Rover ---- 20.0 22.5
Entire Ford G oup 26.9 20.0 22.5
DC Chrysl er 27.3 19.8 21.2
Above plus M tsubishi 27.7 19.8 21.6
Above plus Mercedes 27.2 19.8 21.8
Entire DC G oup 27.2 19.8 21.8
Toyot a Toyot a 30.8 22.3 26.8
Honda Honda 31.1 25.0 29.4
O hers Ten Ot hers 28. 4 21.0 26. 2
All Fl eet Average 28.3 20.5 24.0
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Table 7
Model Year 2001 Unadjusted (Laboratory) 55/45 Fuel Econony by Marketing G oup

G oup G oup Menber Added Cars Trucks Bot h
GM GM 28.1 19.9 23.6
Above plus Subaru 28.1 20.1 23.7
Above plus |suzu ---- 20.1 23.6
Above pl us Suzuki 28.1 20.1 23.7
Above pl us Saab 28.1 ---- 23.7
Entire GM G oup 28.1 20.1 23.7
Ford Ford 26.7 19.8 22.2
Above plus Mazda 27.0 19.9 22.5
Above plus Vol vo 27.0 ---- 22.6
Above plus Jaguar 26.9 ---- 22.6
Above plus Land Rover ---- 19.9 22.5
Entire Ford G oup 26.9 19.9 22.5
DC Chrysl er 26.7 19. 6 21.4
Above plus M tsubishi 27.3 19. 6 21.9
Above pl us Mercedes 27.0 19.7 22.1
Entire DC G oup 27.0 19. 7 22.1
Toyot a Toyot a 31. 4 21.9 26.5
Honda Honda 31.8 24.7 29.7
O hers Ten Ot hers 28.3 21.3 26. 4
All Fl eet Average 28.3 20.3 23.9
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Tabl e 8
Model Year 2000 In-Use Adjusted 55/45 Fuel Econony by Marketing G oup

N oOWwpk

VEH CLE TYPE/ SI ZE GMm Ford DC Toyot a Honda O hers Al
GROUP GROUP GROUP

Cars Smal | 25.7 25.3 25.0 29.0 30.3 25.2 26.
Cars M dsi ze 23.2 21.8 22.7 24.5 24.2 22.6 23
Cars Lar ge 22.5 21.2 21.8 24. 1 --- 19.1 21
Cars Al 24.0 22.9 23.3 26. 3 26.5 24. 4 24,
Wagons Smal | 27.6 23.9 --- --- --- 22.9 24,
Wagons M dsi ze 23.7 24.1 22. 4 --- --- 21.7 23.
Wagons Large --- --- --- --- --- --- --
Wagons All 24.7 24.1 22. 4 --- --- 22.5 23.
Al Cars Snall 25.8 25.3 25.0 29.0 30.3 25.1 26
Al Cars Mdsize 23.2 22.5 22.7 24.5 24.2 22.5 23.
Al Cars Large 22.5 21.2 21.8 24.1 --- 19.1 21
Al Cars Al 24.0 23.0 23.3 26. 3 26.5 24.3 24,
Vans Smal | --- --- --- --- --- --- - -
Vans M dsi ze 19.7 19.3 20.6 20.5 20.6 19.5 20
Vans Lar ge 15. 6 15.8 14. 8 --- --- 16.7 15.
Vans Al l 18.6 18.3 19.9 20.5 20.6 19. 4 19.
SWVs Smal | 22.3 --- 17.0 24.6 --- 18.3 18
SWVs M dsi ze 17. 4 17.1 17.5 19.2 22.1 16.5 17.
SWVs Lar ge 14.6 14.8 15.2 14.6 --- 15.0 14,
SUVs All 17.0 16.1 16.8 19.1 22.1 17. 4 17.
Pi ckups Smal | --- --- --- 20.5 --- 18.5 19
Pi ckups M dsi ze 20.5 19.0 16.6 --- --- --- 18
Pi ckups Large 17. 1 16. 6 14. 4 15.9 --- --- 16
Pi ckups Al 18.2 17.3 15.0 18. 4 --- 18.5 17
Trucks Al l 17.7 17.0 16.9 19.1 21. 4 17.9 17.
Al l Al l 20. 8 19.3 18.6 22.9 25.1 22. 4 20.
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Table 9
Mbdel Year 2000 Laboratory 55/45 Fuel Econonmy by Marketing G oup

VEHI CLE TYPE/ SI ZE GMm Ford DC Toyot a Honda O hers Al
GROUP GROUP GROUP
Cars Smal | 30.1 29.6 29.2 34.0 35.6 29.5 30.
Cars M dsi ze 27.0 25.5 26.6 28.7 28. 4 26. 4 27.
Cars Lar ge 26. 2 24. 7 25.5 28.1 --- 22.3 25.
Cars Al 28.0 26.8 27.2 30.8 31.1 28.5 28.
Wagons Smal | 32.3 28.0 26.8 28.
Wagons M dsi ze 27.8 28.2 26. 2 --- --- 25.3 27.
Wagons Large --
Wagons All 28.9 28.2 26. 2 --- --- 26. 2 28.
Al Cars Snall 30.1 29.6 29.2 34.0 35.6 29. 4 30.
Al Cars Mdsize 27.1 26. 3 26.6 28. 7 28. 4 26. 3 27.
Al Cars Large 26. 2 24.7 25.5 28.1 --- 22.3 25.
Al Cars Al 28.1 26.9 27.2 30.8 31.1 28. 4 28.
Vans Smal | - -
Vans M dsi ze 23.1 22.6 24.1 24.0 24.0 22.8 23.
Vans Large 18.3 18.5 17. 4 19.6 18.
Vans Al l 21.8 21. 4 23.2 24.0 24.0 22.7 22.
SWVs Smal | 26.3 --- 20.0 28.9 --- 21.5 22.
SWVs M dsi ze 20. 4 20.0 20.5 22.6 26.0 19. 4 20.
SWVs Lar ge 17.2 17. 4 17.8 17.1 --- 17.5 17.
SUVs All 20.0 18.9 19.7 22.5 26.0 20.5 20.
Pi ckups Smal | 24.1 21.7 23.
Pi ckups M dsize 24.0 22.3 19. 4 22.
Pi ckups Large 20.0 19.5 16. 8 18. 7 --- --- 18.
Pi ckups Al 21.3 20. 3 17.5 21.6 --- 21.7 20.
Trucks Al l 20. 8 20.0 19.8 22. 4 25.0 21.0 20.
Al l Al l 24.3 22.5 21.8 26.8 29. 4 26. 2 24,
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Tabl e 10

Model Year 2001 In-use Adjusted 55/45 Fuel Econony by Marketing G oup
VEHI CLE TYPE/ SI ZE GMm Ford DC Toyot a Honda O hers Al
GROUP GROUP GROUP

Cars Smal | 26.0 25.1 24.5 29.5 31.7 25.3 26.
Cars M dsi ze 23.1 21.7 23.1 25.2 24.3 22.0 23
Cars Lar ge 22.6 20.8 21. 7 23.3 --- 19.2 21
Cars All 24.1 22.6 23.2 26.8 27.2 24.3 24.
Wagons Smal | 27.5 25.7 21.9 --- --- 22.3 22
Wagons M dsi ze 23.5 24.9 22.3 --- --- 21. 4 24,
Wagons Large --- --- --- --- --- --- --
Wagons Al 24.3 24.9 21.9 --- --- 21.8 23
Al Cars Small 26.0 25.1 23.9 29.5 31.7 25.2 26
Al Cars Mdsize 23.1 23.5 23.0 25.2 24.3 22.0 23.
Al Cars Large 22.6 20.8 21.7 23.3 --- 19.2 21
Al Cars Al 24.1 23.0 23.1 26.8 27.2 24.2 24,
Vans Smal | --- --- --- --- --- --- - -
Vans M dsi ze 20.0 19.8 20.1 21.1 20.5 19.1 20
Vans Lar ge 15.4 16.2 14.9 --- --- --- 15
Vans All 18.9 19.0 19.5 21.1 20.5 19.1 19.
SWVs Smal | 21.7 --- 17.0 25.2 --- 19.9 20
SWVs M dsi ze 17.7 18.1 17.2 19.0 21. 4 17.7 18.
SWVs Lar ge 15.0 15. 4 15.3 14. 6 --- 16.6 15.
SWVs All 16.9 16.5 16. 6 18.5 21. 4 18.0 17.
Pi ckups Snal | --- --- --- 19.7 --- 18.3 19
Pi ckups M dsize 17.6 17.9 16. 3 --- --- --- 17
Pi ckups Large 16. 4 16. 3 14. 4 15. 7 --- --- 15
Pi ckups Al 16.7 16.8 15.0 17.9 --- 18.3 16
Trucks Al 17.2 17.0 16.8 18.6 21.0 18.2 17.
All All 20.2 19.2 18.8 22.6 25.3 22.5 20.

28

N NF,O w O N NBhPE A w ~Nww

g oOobhw



Tabl e 11

Mbdel Year 2001 Laboratory 55/45 Fuel Econony by Marketing G oup

VEHI CLE TYPE/ SI ZE GMm Ford DC Toyot a Honda O hers Al
GROUP GROUP GROUP

Cars Smal | 30.3 29.3 28. 7 34.6 37.2 29.6 30.
Cars M dsi ze 27.0 25. 4 26.9 29. 4 28. 4 25.8 27
Cars Lar ge 26. 3 24. 3 25.3 27.3 --- 22.5 25
Cars All 28.1 26. 4 27.1 31. 4 31.8 28. 4 28.
Wagons Smal | 32.2 30.0 25.6 --- --- 26.0 26
Wagons M dsi ze 27.5 29.1 26.1 --- --- 25.0 28.
Wagons Large --- --- --- --- --- --- --
Wagons All 28.5 29.1 25.6 --- --- 25.5 28.
Al Cars Snall 30. 4 29.3 28.0 34.6 37.2 29.5 30
Al Cars Mdsize 27.0 27.5 26.9 29. 4 28. 4 25.7 27.
Al Cars Large 26.3 24.3 25.3 27.3 --- 22.5 25
Al Cars Al 28.1 26.9 27.0 31. 4 31.8 28.3 28.
Vans Smal | --- --- --- --- --- --- - -
Vans M dsi ze 23. 4 23.2 23.5 24. 7 23.9 22. 4 23
Vans Large 18.1 18.9 17. 4 --- --- --- 18
Vans Al l 22.1 22.2 22.8 24. 7 23.9 22. 4 22.
SWVs Smal | 25.5 --- 20.0 29.6 --- 23. 4 24,
SWVs M dsi ze 20. 8 21.2 20. 2 22.3 25.2 20. 8 21
SWVs Lar ge 17.6 18.1 17.9 17.1 --- 19.5 17
SWVs All 19.8 19. 4 19.5 21.7 25.2 21.2 20.
Pi ckups Smal | --- --- --- 23.2 --- 21.5 22
Pi ckups M dsi ze 20.6 21.0 19.0 --- --- --- 20
Pi ckups Large 19.2 19. 1 16.8 18. 4 —-- --- 18.
Pi ckups Al 19.6 19.7 17.5 21.0 --- 21.5 19
Trucks Al l 20.1 19.9 19.7 21.8 24. 7 21.3 20.
Al l Al l 23.7 22.5 22.1 26.5 29.7 26. 4 23.
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V. Technol ogy Trends

Tabl e 12 conpares technol ogy usage for MY2001 by vehicle
type and size. For this table, the car classes renain separated
into Cars and Station Wagons, so that the table stratifies |ight-
duty vehicles into a total of 15 vehicle types and sizes. Note
that small vans and | arge wagons are not represented in this
tabl e, because none have been produced since 1996.

Front -wheel drive is used heavily in all of the car and
wagon si ze cl asses, and nearly 90% of m dsize vans now use it.
By conparison, none of this year’s pickups will have front-wheel
drive, and very little use of it is found in |arge vans or any of
the SUVs. Conversely, four-wheel drive is used heavily in SUVs,
pigkups, and wagons, but very little use of it is made in vans
and cars.

Large vehicles nake greater use of automatic/lockup
transm ssions than their mdsize or small counterparts. The
opposite holds for usage of four-valve engines, with small and
m dsi ze vehi cl es maki ng greater use of this technol ogy than | arge
ones.

Addi ti onal tabul ations of different technology types can be
found in the Appendi xes.

Table 12

MY2001 Technol ogy Usage by Vehicle Type and Size
(Percent of Vehicle Type/Size Strata)

Vehicl e Vehi cl e Type
Vari abl e Si ze Car Wagon Van SW Pi ckup
Fr ont Snal | 85 82 -- 8 0
Wheel M dsi ze 93 76 88 11 0
Drive Large 79 -- 0 0 0
Four Snal | 1 14 -- 77 45
Wheel M dsi ze 1 23 4 68 42
Drive Large 0 -- 0 63 52
Manual Smal | 26 20 -- 36 42
Transm ssion Mdsize 5 12 0 7 18

Large 0 -- 0 0 7
Four Val ves Smal | 66 91 -- 77 79
Per Cylinder Mdsize 66 68 21 47 0

Lar ge 39 -- 0 9 6
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Figures 20 through 23 show trends in drive use for the four
classes. Cars used to be all rear-wheel drive (RAD), now they
are 80% front-wheel drive (FWD) with a small four-wheel drive
(4WD) fraction, and the trend is flat. Vans are roughly the
sane, although the trends at the introduction of FWD are sharper
than they were for cars. SUVs are nostly 4WD, with the begi nning
of atrend toward FWD just showi ng up recently. Pickups remain
the bastion of RMD with the increasing anount of 4WD the only
ot her drive option.

Two i nportant changes in transm ssion design have occurred:
the addition of a gear for both automatic and manual trans-
m ssions and, for the automatics, conversion to |ockup (L3, L4,
or L5) torque converter transm ssions. Figures 24 to 27 indicate
that the L4 transmssion is currently the predom nant trans-
m ssion type for cars, vans, SUVs, and pickup trucks. \ere
manual transm ssions are used, the 5-speed (M) transm ssion now
predom nates. The increasing trend in ton-MPG di scussed earlier
can be attributed to better vehicle design, including nore
ef ficient engines, better transm ssion design, and better
mat chi ng of the engine and transm ssion.
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Powertrains are matched to the | oad better when the engine
operates closer to its best efficiency point nore of the tine.
For many conventional engines, this point is approximately 2000
RPM and 2/3 of the maximumtorque at that speed. One way to nmake
the engine operate nore closely to its best efficiency point is
to increase the nunber of gears in the transm ssion and, for
automatic transm ssions, using a | ockup torque converter.

Tabl e 13 conpares ton-MPG by transm ssion and vehicle type
bet ween 1988, the peak year for passenger car fuel econony, and
this year. For every strata for which the equival ent vehicle
type used the sanme transm ssion type in both years shown in the
table, ton-MPG will be higher this year, than it was in 1988.

For nodel year 2001, cars and SUVs equi pped with L5 transm ssions
wi || achi eve about the sanme ton- MPG as their Mb-equi pped
counterparts. Simlarly, for all four vehicle types, MY2001
vehicles with L4 transm ssions achieve the sane or better ton- MG
this year than any of the corresponding vehicles did in 1988.

Tabl e 13

Ton- MPG by Transm ssi on and Vehicle Type

Car Van SWv Pi ckup
Tr ans 2001 1988 2001 1988 2001 1988 2001 1988
VB -- -- -- -- -- 34 -- 34
vl -- 38 -- 34 -- 39 -- 33
Vb 42 38 -- 38 38 34 37 36
A3 36 34 -- 35 -- 30 -- 32
Ad 38 34 -- -- -- 35 36 33
L3 41 37 41 37 32 34 -- 32
L4 41 38 43 37 39 34 39 34
L5 41 -- -- -- 38 -- 36 --

Figures 28 through 31 conpare the trends since 1975 for
hor sepower (HP), displacenent (CI D), and specific power or
hor sepower per cubic inch (HP/CI D) for passenger cars, vans,
SWs, and pickups. In all four cases, significant C D reductions
occurred in the late 1970s and early 1980s. Since 1985, however,
engi ne di spl acenent has been flat for cars and vans but for SUVs
and pi ckups has increased. For all four vehicle types, average
hor sepower has increased substantially (i.e., 40%to 80% since
1981. Light-duty vehicle engines, thus, have also inproved in
HP/ CI D, wth engines used in passenger cars inproving at a faster
rate than truck engines. |In fact, for the past tw years, car
engi nes have averaged at least 1.0 HP/CID, conpared to 0. 85,
0.91, and 0.80, respectively, for vans, SUVs, and pickups.
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As shown in Table 14, for nodel year 2001 dependi ng on the
vehi cl e type, truck engi nes average about 15%to 30% nore
hor sepower but require 33%to 65% greater displacenent, conpared
to the average passenger car engi ne because of the differences in
specific power.

Tabl e 14

My2001 Engi ne Characteristics by Vehicle Type

Vehi cl e HP C D HP/  Percent
Type CID 4 Vvalve
Car 169 167 1.03 62%
Van 195 223 . 89 19%
SW 209 239 . 90 37%
Pi ckup 219 275 . 80 9%

Tabl e 15 conpares CID, HP, and HP/CID by vehicle type and
nunber of cylinders for nodel years 1988 and 2001. Since 1988,
changes in engine size have been relatively small for all strata
shown in the table, particularly when conpared to the changes in
hor sepower that have taken place with specific power inprovenents
related to the use of nultival ve engines likely accounting for
the difference. Four-cylinder engines used in cars, vans, and
SWs have exceeded the one HP-per-CID | evel, but the same cannot
be said of pickup trucks.

At the nunber-of-cylinders |level of stratification, nodel
year 2001 cars achi eve hi gher specific power than SUVs, vans, and
pi ckup trucks with one m nor exception: four-cylinder SUVS.
Simlarly, this year’s pickup truck engi nes achi eve | ower
specific power than thelir counterparts used in vans, SUVs, and
cars.
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Tabl e 15

| mprovenent i n Horsepower and Specific Power
by Vehicle Type and Nunmber of Cylinders

Vehi cl e CD CdD Percent HP HP Percent HP/ CI D HP/ Cl D Percent
Type Cyl. 1988 2001 Change 1988 2001 Change 1988 2001 Change
Car 4 118 123 4% 95 130 37% .81 1. 060 32%
6 193 193 0% 142 196 38% .74 1.023 38%
8 301 282 -6% 164 255 55% .54 . 905 66%
Van 4 145 143 -1% 98 150 53% . 68 1. 049 55%
6 213 216 1% 149 192 29% .72 . 898 24%
8 322 322 0% 168 242 44% .52 . 752 45%
SWw 4 122 128 5% 94 142 51% 77 1.111 44%
6 211 220 4% 147 197 34% .71 . 915 30%
8 338 311 -8% 183 252 38% .54 . 812 50%
Pi ckup 4 142 155 9% 97 140 44% . 69 . 903 32%
6 229 233 2% 142 184 30% . 64 . 792 23%
8 329 317 -4% 180 252 40% .54 . 800 47%

The difference in HP and HP-per-CID i s because the different
cl asses use different technologies. Figures 32 through 39 show
that engines with nore val ves per cylinder deliver higher val ues
of HP per CID and that nany cars are equi pped with 4-val ve
engi nes, but the other classes aren’t.
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Figure 40 conpares penetration rates for five passenger car
technol ogi es, nanely port fuel injection (Port Fl), front-wheel
drive (FWD), four valves per cylinder (4-Valve) and four- and
five-speed | ockup transm ssions (L4 and L5). This figure
indicates that it nay take a decade for a technology to prove
itself and attain a sales fraction of 40%to 50% and as | ong as
anot her five or ten years to reach maxi mum market penetrati on.
Wth the recent introduction of the L5 transm ssion type, the
sales fraction of L4 transm ssions reached its naxi num and now
has started a declining trend. It thus takes sone tine after the
i ntroduction of a new technology for it to penetrate the market.
A saturation tine of about 15 years can be inferred fromFigure
40.

A simlar conparison of three technol ogi es whose sal es
fracti on peaked out at about 40%or less is shown in Figure 41.
This figure shows that it may al so take a nunber of years for
t echnol ogi es such as 3-val ve-per-cylinder engines (3-valve)
throttle body fuel injection (TBI), and | ockup 3-speed (L3)
transm ssions to reach their maxi num sales fraction, and even
}hen use of these technol ogies may continue for a decade or

onger.
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In terns of fuel econony technol ogies that are of inportance
inthe US market, the nost significant in the past quarter
century may be the introduction of vehicles equipped with hybrid
propul sion systens. |In nodel year 2001, two hybrids are in the
fleet: the Honda Insight and the Toyota Prius. Both are hybrids
t hat use gasoline-fuel ed engi nes, batteries, and notor/generators
as key parts of their propulsion systens.

Even though these vehicles are not yet sal es significant
(conprising less than .25% of the market), their technol ogy may
be. How different the MPG perfornmance of these vehicles is
conpared to other vehicles can be used to determ ne the
significance of the new technol ogy they represent.

The conparison can be made to vehicles of the sane size
class or the sanme weight class. For the Honda I nsight, weight
cl ass conparisons are not useful, since it is the only 2000-1b
inertia weight entry. Conparing the Honda |Insight to other two-
seater cars nakes a conparison to a (sonmewhat) catchall category
that contains sonme hi gh-performance and | owfuel econony cars.

In Table 16, the two hybrids are conpared to other cars
chosen for their high MPG  The conparison is based on adjusted
MPG for this Table.

Tabl e 16

Characteristics of Cars with Relatively H gh Fuel Econony

Manuf act ur er Honda Toyot a VW Honda  Suzuki MY1986 Aver age
Model I nsi ght Prius Diesels Cvic HX Swift Ceo My2001
Sprint Smal | Car
Drive Fr ont Fr ont Fr ont Fr ont Fr ont Fr ont ----
Tr ans Vb CVT Vb Vb %) %) ----
Wi ght 2000 3000 3000 2750 2250 1750 3096
CID 61 91 116 102 79 61 142
HP 67 70 90 117 79 46 149
Adj Gty MG 60. 6 51.6 41.8 36.1 36.4 55.4 23.3
Ad] Hwy MPG 68. 2 45. 2 49.1 43.7 42. 3 59.6 31.2
Adj 55/45 MPG 63.8 48.5 44.8 39.2 38.8 57.2 26. 3
Hw/Cty Ratio 1.12 0.88 1.17 1.21 1.16 1.08 1.34
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Anot her way to | ook at the MPG performance of the hybrids is
on a distribution of MPG values with other vehicles in the sane
EPA car class. The Toyota Prius is conpared on this basis in
Figure 42. Unadjusted MPG is used here to provide another way to
conpare MPGs and al so as a rem nder that hybrid technol ogy was not
bei ng used when the MPG adjustnent factors were determ ned. The
Toyota Prius stands out as being exceptionally efficient. The
sane conparison is nade in Figure 43 but with vehicles in the
Toyota Prius’s 3000-1b inertia weight class. The sane
rel ati onship prevails.

The small car class used for this report includes four EPA
car classes: two seaters, mni-conpacts, subconpacts, and
conpacts. \Wen the Toyota Prius and the Honda Insight are

conpared to all small cars in Figure 44, they both stand out as
bei ng exceptionally high in fuel econony.

Bot h vehicles can be conpared to the average of other
vehi cl es depending on the class it is conpared to and whet her or
not the class average contains the hybrids. The Honda Insight is
2.5t0 2.9 times better in MPG than the average, and the Toyota
Prius is 1.8 to 1.9 tines better than the average. These factors
are based on unadjusted 55/45 MPG. If they were to be based on
adj usted 55/45 MPG the ratios would be higher. Roughly speaking,
t hen, vehicles equi pped with hybrid propul sion systens can deliver
two to three tines better MPG than the average of conventionally
power ed vehicles. Hybrid technology, therefore represents a new
ki nd of MPG technol ogy, not just another increnent of conventional
t echnol ogy.
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Unadjusted 55/45 MPG

Distribution of Compact
Unadjusted 55/45 MPG
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VI. Fuel Econony | nprovenent Potenti al

In any treatnment of trends in fleet fuel econony, sone
di scussion of the reasons for the trends is necessary. This |eads
to treatnents of the technical reasons for trends in fuel econony,
regardl ess of whether the trends show i ncreases or decreases in
fuel econony.

When the subject turns to consideration of what m ght be
possi ble for the future, however, there has never been any
Interest in any discussion of approaches that would | ead to worse
fl eet fuel economy. The enphasis always has been on “what if”
considerations that mght lead to inproved fleet fuel econony—
hence the title of this section of the report.

Most past projections of fuel econony inprovenents in this
report series have been nmade on the basis of technol ogi es already
inthe fleet, with estimtes nade of what the fuel econony effects
woul d be due to presunmed changes in the rel ative proportions of
different kinds of vehicles in the fleet.

Now t hat hybrid vehicles are in the fleet, it is of interest
to consider what increased penetration of hybrid vehicles m ght
mean for fleet fuel econony. The efficiency potential of hybrids
is so great that projections of future fleet fuel econony may cone
down to estinmating the narket penetration rates of different
hybrids with different fuel efficiency inprovenent factors instead
of estimating what MPG the fleet could get by when. G ven the
uncertainty in the degree of inprovenent due to hybrids and their
penetration rates into the market, it is probably better to say
what can’t happen rather than what can happen. This can be done
using information previously discussed in this report.

Earlier in the report, it was seen that new technol ogi es take
roughly 15 years to penetrate the fleet. The technol ogi es that
the 15-year estimate was based on are not as much of a change as
hybrids represent, so it seens appropriate to conclude that we
can’t have an all-hybrid fleet before 15 years fromnow, i.e.,
bef ore nodel year 2016.

The MPG i nprovenent that is associated with hybrids in the
market nowis froma factor of two to a factor of three, as
di scussed earlier. It is probably the case that all hybrids
i ntroduced won’t be a factor of three better in fuel econony, so
the current 23.9 MPG val ue for unadjusted 55/45 car and |ight-
truck fleet probably will not be tripled to 71.7 MPG if and when
the fleet is initially hybridized. Therefore, it can be concl uded
that a fuel econony value for the conmbined car and |ight-truck
fleet of 71.7 MPG cannot be obtained before 2016. The | ower
boundary for fleet fuel econony for the future would appear to be
the “all truck” scenario, in which the fuel econony would
asynptote to a value close to the average value that |ight trucks
deliver, i.e., alittle nore than 20 MPG
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I ncreasi ng the market share of vehicles which utilize fuel
efficient hybrid technology offers the greatest degree of fuel
econony potential currently avail abl e.

Anot her approach for determ ning what potential exists for
i mprovi ng fuel econony is “best in class” analysis which involves
dividing the fleet of vehicles into classes, selecting a set of
representative “role nodel” vehicles fromeach class, and then
cal cul ating the average characteristics of the resultant fleet
Ffing the sane relative sales proportions as in the baseline
eet.

In the discussion which follows, three best-in-class anal yses
are made using three different procedures to select the role
nodel s. Two of these sel ection procedures use the EPA Car Size
Cl asses (which for cars are the sane as those used for the EPA/ DOE
Fuel Econony Guide) and the truck type/size classes descri bed
previously in this report. Note that this classification system
I ncl udes nine car and nine truck classes and, for nodel year 2000,
two of these eighteen classes are not represented (Large Wagons
and Small Vans). The third best-in-class role nodel selection
procedure is based on using the vehicle inertia weight classes
used for EPA's em ssion certification process.

The advant age of using and anal yzing data fromthe best-in-
size class nmethods is that if the sales proportions of each class
are held constant, the sales distribution of the resultant fleet
by vehicle type and size does not change. Simlarly, there also
is an advantage in using the inertia weight classes to determ ne
the role nodels, since if the sales proportions in each inertia
wei ght class are held constant, the sales distribution of the
resultant fleet by weight does not change.

One way of performng a best-in-class analysis is to use as
role nodels the four naneplates with the highest fuel econony in
each size class. Under this procedure, all vehicles in a class
wi th the sane naneplate are included as rol e nodels regardl ess of
vehi cl e configuration. Each role nodel naneplate from each cl ass
was assigned the same sal es weighting factor, but the original
sal es weighting distribution for different vehicle configurations
within a given naneplate (e.g., transm ssion type, engine size,
and/or drive type) was retained. The resulting values were used
to recalculate the fleet average values using the sane relative
proportions in each of the size classes that constitute the fleet.

In cases where two identical vehicles differ by only one
characteristic, but have slightly different naneplates (such as
t he two-wheel drive Chevrol et C1500 and the four-wheel drive K1500
pi ckups), both are considered to have the sane nanepl ate.
Conversely, in the cases where technically identical vehicles with
different naneplates are used (e.g., the Chevrolet S10 Pi ckup, GMC
Sonoma, and |suzu Honbre or the Suzuki Swift and Chevrolet Metro),
only one representative vehicle naneplate was used.
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The second best-in-class role nodel selection procedure
i nvol ves selecting as role nodels the best dozen vehicles in each
size class with each vehicle configuration considered separately.
Tables in the Appendix give listings of the representative
vehicles used in this method. As with the previous procedure, in
cases where technically identical vehicles have different
nanepl ates, only one representative vehicle was used. Under this
best-in-class nethod, the sales data for each role nodel vehicle
in each class was assigned the sane value, and the resulting
val ues were used to re-calculate the fleet values again using the
sane relative proportions in each of the size classes that
constitute the fleet.

The third best-in-class procedure involves selecting as role
nodel s the best dozen vehicles in each weight class. As with the
previ ous net hod, each vehicle configuration was consi dered
separately. (See tables in the Appendi x of the My2001 vehicl es
used in this analysis.) It should be noted that sonme of the weight
cl asses have |l ess than a dozen representative vehicles. 1In
addition, as in the previous two best-in-class nethods, where
technically identical vehicles with different nanmepl ates are used,
only one representative vehicle was included. As with the two
best-in-size class nethods, the sales data for each rol e nodel
vehicle in each class was assigned the sane val ue, and the
resulting values were used to recalculate the fleet val ues again
using the sane relative proportions in each of the size classes
that constitute the fleet.

Tabl es 17 and 18 conpare, for cars and trucks respectively,
the results of the best-in-class (BIC) analysis with actual
average data for nodel year 2001. As discussed earlier, for the
si ze class scenarios, the percentage of vehicles that are snall,
m dsi ze, or large are the same as for the baseline fleet, and in
the Weight C ass scenarios, the average weight of the BIC data
sets is the sane as the actual one. Despite the fact that 55% of
the cars in the BIC weight class data set are classified as
“Smal | ,” conpared to 45%in the entire fleet, average interior
volume for cars in the BIC weight class analysis is about the sane
as the overall average (110 vs. 111 cu. ft.). The snal
differences in interior volunme between the Size C ass scenarios
and the actual fleet can be attributed to the fact that,

Wi thin a size class, there is considerable variation in interior
volune (i.e., not all vehicles in each size class have the sane
interior volune.)

Under all of the best-in-class (BIC) scenarios, the
vehi cl es used for the BIC anal ysis have | ess powerful engines,
have sl ower 0-to-60 acceleration tinmes and are nore likely to be
equi pped with manual transm ssions than the entire fleet as a
whol e. Usage of front- and four-wheel drive is about the sane
for cars in the BIC weight class analysis but not in the size
class where there is greater use of front-wheel drive than in the
actual fleet. For trucks, however, the BIC data set vehicles
make greater use of front-wheel drive. Wen the best 12 vehicles
in size or weight were used as the role nodel selection criteria,
the truck BIC data sets al so nmake | ess use of four-wheel drive
than the actual fleet.
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For both cars and trucks, the “Best 12 Vehicles” in Size
Cl ass scenario results in significantly higher fuel econony than
the actual fleet, but the vehicles in these BIC sets are lighter
than their counterparts fromthe other scenarios. Depending on
the scenario chosen, for nodel year 2001, cars coul d have
achieved from17%to 20% better fuel econony than they did.
Simlarly, trucks could have achieved from10%to 13% better fue
econony

One of the characteristics of the best-in-class analysis is
that it typically results in a hypothetical fleet of vehicles
whi ch has a larger fraction of manual transm ssions than today’' s
fleet does. This is a consequence of the nmethodol ogy. There has
been sone discussion of the practicality of such a fleet of
vehi cl es, especially for the U S. market, where autonmatic
transm ssions domnate. The issue is noot if one considers the
potential of the automatically shifted manual transm ssion
(ASM —a manual transm ssion in terns of design (and efficiency)
which is shifted automatically [33]. These nore efficient
transm ssions coul d replace conventional torque converter-based
automati c transm ssions, provide the fuel econony benefits
inplied by the best in class analysis, and also allow for
shiftless driving.

A third approach for determ ning potential fuel econony
i nprovenent is to study the relationshi ps between vehicle
technol ogy i nprovenents, vehicle acceleration tinmes, vehicle size
and vehi cl e wei ght.

The MPG perfornmance interdependence was quantified by neans
of a regression analysis perfornmed on the EPA databases as
described in reference 20. This yielded sensitivity coefficients
on the order of 0.4, i.e., a 10%increase in 0-to-60 tine
corresponds to a 4% increase in fuel econony. Using these
sensitivities, average MPG data at one 0O-to-60 | evel can be
adjusted to what it would have at a different one.

Simlarly, by normalizing either the weight or size
di stribution, a conparison can be nade of what the fuel econony
of each year’s fleet would have been if it had the same wei ght or
size distribution as in a given base year. For conparison
pur poses, two base years were analyzed: 1981 and 1991. Table 19
shows that this year’s cars get better fuel econony than their
counterparts fromboth baseline years but are significantly
heavi er and have faster 0-to-60 acceleration tinme. This year’s
trucks get about the same fuel econonmy as the base line years and
are al so heavier and have faster 0-to-60 tines.
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Vehi cl e
Characteristic

Fuel Econony

Vehicle Size

Engi ne

Per f or mance

Drivetrain

Transni ssi on

Fuel Metering

Hybrid Vehicle

Tabl e 17

Best in Cass Results: Mode

Sel ection
Basi s

Sel ection
Criteria

LAB 55/ 45

ADJ City
ADJ Hi ghway
ADJ 55/ 45

Wi ght Lb.
Vol une Cu- Ft.

abD

HP
HP/ Cl D
HP/ WI'

Four Val ve Usage

0-60 Time (Sec)
Top Speed (nph)

Ton- MPG
CU FT- MPG
CU- FT- TON- MPG

Front Wee
Four Weel

Manua
Lockup

Port FI
D ese

Act ual
Dat a

Al |
Cars

28.3
21.2
29.3
24.2

3380
111

167
169
1. 033
. 0494
61. 5%

10. 3
130

41. 2
2719
4558

85. 4%
2.5%

13. 9%
80. 1%

99. 8%
. 2%

<. 25%
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Year 2001 Cars

Si ze
d ass

Best 4
Nanepl at es

33.3

25.3
33.5
28. 4

3135
109

140
145
1. 049
. 0456

72. 4%

11.1
123

45. 8
3204
4963

96. 5%
2.1%

16. 0%
72. 3%

100. 0%
0. 0%

8. 8%

Si ze
d ass

Best 12
Vehi cl es

33.9

25.8
34.1
29.0

3141
109

133
139
1. 052
. 0438

63. 8%

11. 4
121

46. 6
3251
5040

96. 4%
2.1%

47. 7%
44. 7%

90. 1%
9. 9%

2. 9%

Wei ght
d ass

Best 12
Vehi cl es

33.0

25.0
33.2
28. 2

3380
110

128
140
1. 094
. 0411

71. 3%

11.8
119

48. 3
3173
5296

91. 0%
4. 2%

48. 3%
49. 0%

90. 5%
9.5%

1. 3%



Vehi cl e

Characteristic

Fuel

Si ze

Econony

Engi ne

Per f or mance

Drivetrain

Transmn ssi on

Fuel

Met eri ng

Best

Tabl e 18

in dass Results:

Sel ection
Basi s

Sel ection
Criteria

LAB 55/ 45

ADJ City
ADJ Hi ghway
ADJ 55/ 45

i ght Lb.

caD

HP
HP/ Cl D
HP/ WI'

Four Val ve Usage

0-60 Tinme (sec.)

Top Speed (nph)
Ton- MPG

Front
4\\D

Manua
Lockup

Por t
D ese
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Model Year

Act ual
Dat a

Al |
Cars

20.3

15.6
20.0
17.3

4511

249
210
. 864
. 046

23.

10.
13

39.

18.
47.

8.
91.

100.
0.

5

4

6
1
2

3%
8%

0%
2%

0%
0%

2001 Trucks

Si ze
d ass

Best 4
Nanepl at

21.9

16.9
21.5
18.7

4324

221
203
. 947
. 046

43.

10.
13

40.

31.
38.

9.
87.

100.
0.

es

7

2

6
1
5

2%
8%

0%
8%

0%
0%

Si ze
d ass

Best 1
Vehi cl

23.0

17.8
22.5
19.6

4138

202
184
. 938
. 044

43.

11.
12

40.

31.
21.

37.
62.

100.
0.

2
es

2

8

1
6
8

1%
3%

1%
4%

0%
0%

Wei ght
d ass

Best 12
Vehi cl es

22. 4

17. 2
22.1
19.1

4511

216
197
. 936
. 0434

42.1
11.3
127
43. 2

32. 3%
37. 1%

20. 8%
74. 4%

100. 0%
0. 0%



Unadj ust ed Fuel Econony,
For Three Model

Vehi cl e Model
Type Year

Cars 1981
1991
2001

Trucks 1981
1991
2001

Tabl e 19

55/ 45
MPG

WWkFk WOor

I nertia Weight,

Year s

and 0-to-60 Tinme

Inertia Ot

Wi ght

3076
3154
3380

3806
3948
4511
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o 60
nme

OO0 WOk~

Figures 45 through 48 provide estimates of what the MPG of
the car and truck fleet would have been each nodel

year if:

(1) the weight m x had been kept the same as in each of the

two base years,

(2) the average acceleration tine was kept at the base
year’s acceleration tinme, and

(3) both the weight distribution and average
acceleration tinme were the sanme as in the base year

A simlar conparison on the basis of vehicle size and type

is presented in Figures 49 through 52.
Smal | Vans and Large Wagons,

For those cases, i.e.,
values fromthe last year for which

t hese vehicles were produced were substituted in the analysis as

necessary.
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Effect of Vehicle Weight and Acceleration

on Car Fuel Economy

0 Unadjusted 55/45 MPG

Effect of Vehicle Weight and Acceleration

on Truck Fuel Economy

0 Unadjusted 55/45 MPG

Calculated Using: Calculated Using:
1] #1981 Wts & Accel. [ 11 % 1981 Wt. Mix & Accel.
35 7| x 1981 0to 60 time r 3571(x19810to60time |~ - " -
11+ 1981 Weight Mix [ 11+ 1981 Weight Mix
30{ — Actual Data [ 30{ — Actual bata |
25+ - 25+
20 1 - 20 1
15 1 - 15 1
10+ 10 A
1970 1975 1980 1985 1990 1995 2000 1970 1975 1980 1985 1990 1995 2000
. Model Year . Model Year
Figure 45 Figure 46

Effect of Vehicle Weight and Acceleration Effect of Vehicle Weight and Acceleration

on Car Fuel Economy on Truck Fuel Economy

0 Unadjusted 55/45 MPG

0 Unadjusted 55/45 MPG

Calculated Using: Calculated Using:
11 1991 Wts & Accel. [ 11 # 1991 Wt. Mix & Accel.
357|x19910to60time |~~~ """ r 357|x19910to60time |~ """ 7T
11+ 1991 Weight Mix [ 1]+ 1991 Wt Mix
30 — Actual Data *;i%,&ki L 30 —ActualData |
25 - 25
20 1 - 20 1
15 - 15
10+ 10+
1970 1975 1980 1985 1990 1995 2000 1970 1975 1980 1985 1990 1995 2000
. Model Year . Model Year
Figure 47 Figure 48
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Effect of Vehicle Size, Type & Acceleration

on Car MPG
0 Unadjusted 55/45 MPG
354 - - -
1 ‘ W ZR G R
30; ,,,,,,,,,,,,, X,szgx,x?g ,,,,,,, L
254 - - -
207 -7 Calculated Using: [
’ = 1981 Size Mix & Accel. | [
15 B %1981 0 to 60 time L
1 + 1981 Size Mix [
] — Actual Data
nn+—t—tt—t———t———t
1970 1975 1980 1985 1990 1995 2000
Model Year
Figure 49

Effect of Vehicle Size, Type & Acceleration

on Car Fuel Economy

0 Unadjusted 55/45 MPG

35 - - -
307 - gy LSS SN
LR e A I -
207 - Calculated Using: [
= 1991 Size Mix & Accel.

B S X 1991 0 to 60 time [
15 %

1 + 1991 Size Mix [

il — Actual Data
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Model Year

Figure 51

52

Effect of Vehicle Size, Type & Acceleration

on Truck Fuel Economy

MPG
30
Calculated Using:
= 1981 Size Mix & Accel.
X 1981 0 to 60 time
25 | +1981 Size Mix |- - - - - - - - - o - o L
1|= Actual Data
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Figure 50

Effect of Vehicle Size, Type & Acceleration

on Truck Fuel Economy

0 Unadjusted 55/45 MPG

Calculated Using:
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357|x19910to 60time |~ " " "
+ 1991 Size Mix
30{ — Actual Data | [
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20 -
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A summary of the different approaches is presented in Table
20. Considering the seven different ways in which fuel econony
i mprovenents for the fleet can be estinated, based on the
characteristics of the existing fleet, the range of inprovenents
for the fleet is from9%to 27% The average is 15% Different
met hods and different base years, of course, yield different
results, and as discussed earlier, the hypothetical fleets that
have hi gher fuel econony tend to be different fromtoday’'s fleet:
hi gher fuel econony but slower and |ighter.

Tabl e 20

Summary of Fuel Econony | nprovenent Potenti al

Unadj ust ed Fuel Econony

Scenario Cars Trucks Bot h
1. Mbdel Year 2001 Actual Average 28.3 20.3 23.9
2. 1981 Wight Mx and 0 to 60 Tine 35.1 26.3 30.3
3. 1991 Wight Mx and 0 to 60 Tine 31.5 23.8 27.4
4, 1981 Size Mx and 0 to 60 Tine 32.6 23.0 27.3
5. 1991 Size Mx and 0 to 60 Tine 30.3 22.5 26.1
6. Best 4 Naneplates in Size O ass 33.3 21.9 26.8
7. Best 12 Vehicles in Size dass 33.9 23.0 27.7
8. Best 12 Vehicles in Wight C ass 33.0 22.4 27.0

Percent | nprovenent over Mdel Year 2001 Actual Fuel Econony

1. Model Year 2001 Actual Average 0. 0% 0. 0% 0. 0%
2. 1981 Weight Mx and 0 to 60 Tine 24. 0% 29. 6% 27. 0%
3. 1991 Weight Mx and 0 to 60 Tine 11. 3% 17. 2% 14. 5%
4. 1981 Size Mx and 0 to 60 Tine 15. 2% 13. 3% 14. 1%
5. 1991 Size Mx and 0 to 60 Tine 7.1% 10. 8% 9.1%
6. Best 4 Naneplates in Size d ass 17. 7% 7.9% 12. 0%
7. Best 12 Vehicles in Size O ass 19. 8% 13. 3% 16. 1%
8 .

Best 12 Vehicles in Wight C ass 16. 6% 10. 3% 13. 0%
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