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NOTICE

Thistechnical report does not necessarily represent final EPA decisions or positions.

It isintended to present technical analysis of issues using data that are currently available.
The purpose in the release of such reportsisto facilitate the exchange of
technical information and to inform the public of technical developments 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 2003 ( EPA420-R-02-015) is avail able electronically on the
O fice of Transportation and Air Quality’'s (OTAQ Wb site at:

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

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

U.S. Environnental Protection Agency

O fice of Transportation and Air Quality Library
2000 Traverwood Drive

Ann Arbor, M 48105

(734) 214-4311

A copy of the Fuel Econony CGuide giving city and highway fuel
econony data for individual nodels is available 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 Green Vehicle Cuide provides informati on about the air
pol lution 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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| . Executi ve Summary

| nt roducti on

This report sunmari zes key fuel econony and technol ogy usage
trends related to nodel year 1975 through 2003 |ight vehicles
sold in the United States. Light vehicles are those vehicles
that EPA classifies as cars or light-duty trucks (sport utility
vehi cl es, vans, and pickup trucks with | ess than 8,500 pounds
gross vehicle weight ratings).

Model year 2003 |ight vehicles average 20.8 niles per
gall on. New vehicle fuel econony peaked in 1987 and 1988 at 22.1
MPG and has been on a general downward trend since 1988. The
average fuel econony for all nodel year 2003 light vehicles is
six percent lower than it was in 1988. These fuel econony val ues
are based on ‘real world estimtes provided by the Federal
government to consuners and are about 15 percent |ower than the
fuel econony val ues used by manufacturers and DOT for conpliance
with the Corporate Average Fuel Econony (CAFE) program

In order to estimate the average fleet fuel econony for each
nodel year, the neasured fuel econony for each nodel is weighted
by its sales volune. For nodel year 2003, EPA has used projected
sal es data that the auto conpanies are required to submt to the
Agency. Wen EPA publishes the 2004 Trends Report, it wll
provi de revi sed data based on actual sales infornmation avail able
at that tine.

EPA has anal yzed the variation in average fleet fuel econony
t hat woul d have occurred in previous years as a result of using
projected rather than actual sales. The variation is very |low —
plus or mnus two percent (about 0.5 MPG. Readers therefore are
encouraged to keep in mnd that the data presented in this report
may change slightly when the figures are re-calcul ated after the
end of the nodel year



| mport ance of Fuel Econony

Fuel econony continues to be a major area of public and

policy interest for several reasons, including:

1

Li ght vehicles account for approxi mately 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.

Fuel econony is directly related to the cost of fueling
a vehicle and is of great interest when oil and
gasoline prices rise.

Fuel econony affects the |level of the nation s energy
efficiency. |Increases in energy efficiency can enhance
energy security and reduce em ssions of greenhouse
gases. Fuel econony is directly related to carbon

di oxi de em ssions, the nost preval ent greenhouse gas.

Li ght vehicles contribute about 20 percent of all U S
car bon di oxi de em ssi ons.



Hi ghlight #1: Fuel Econony is 20.8 MPG for Mdel Year 2003

There has been a general overall declining trend in new

i ght-vehicle fuel econony since 1988. The average fuel
econony for all nodel year 2003 |ight vehicles is 20.8 MG -
si x percent |ower than the peak value of 22.1 MPG achi eved
in 1987 and 1988. Average nodel year 2003 fuel econony is
24.8 MPG for cars and 17.7 MPG for |ight trucks.

New | i ght-vehicle fuel econony inproved fleet-wi de fromthe
m ddl e 1970s through the |l ate 1980s, but it has been generally
falling since then due primarily to the increase in the sales
fraction of less efficient light-duty trucks. Viewed separately,
t he average fuel econony for new cars has changed very little
since 1986, varying between 23.6 to 24.8 MPG Simlarly, the
average fuel econony for new light trucks has been largely
unchanged since 1986, ranging from17.3 to 18.4 MG

Fuel Economy by Model Year

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

Sal es of light trucks, which include sport utility vehicles
(SUVvs), vans, and pickup trucks, have risen steadily for
over 20 years and now nmake up 48 percent of the U S. |ight
vehi cl e market—ore than twice their market share in 1983.

Gowmh in the light truck market has been |l ed recently by
the increase in the market share of SUVs. The SUWV nmarket share
i ncreased by nore than a factor of ten, fromless than two
percent of the overall new light vehicle market in 1975 to 24
percent of the market in 2003. Over the sane period, the market
share for vans increased by 80 percent, while that for pickups
remai ned relatively constant. Between 1975 and 2003, market
share for new passenger cars and station wagons decreased from 81
to 52 percent. For nobdel year 2003, cars average 24.8 MPG vans
19.6 MPG SUvs 17.8 MPG and pickups 16.8 MPG

The increasing market share of light trucks, which in
recent years has averaged nore than six MPG | ess than cars,

accounts for nmuch of the decline in fuel econony of the overal
new | ight vehicle fleet.

Sales Fraction by Vehicle Type
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Hi ghlight #3: Over the Past Two Decades, Fuel Econony Has Been
Rel atively Constant, While Vehicle Wi ght
and Power Have Been | ncreasing

Technol ogi es continue to enter the new |light vehicle fleet
and are being used, for exanple, to increase light vehicle
accel eration performance, while fuel econony is not being
i ncreased. Based on accepted engineering rel ationships,
however, had the new 2003 |ight vehicle fleet had the sane
average performance and sane distribution of weight as in
1981, it could have achi eved about 33 percent higher fuel
econony.

Technol ogi es—such as engines with nore val ves and nore
sophi sticated fuel injection systens, and transm ssions with
| ockup torque convertors and extra gears—eontinue to penetrate
the new light vehicle fleet. The trend has clearly been to apply
t hese new technol ogi es to acconmodate i ncreases in average new
vehi cl e wei ght, power, and performance while nmaintaining a
constant | evel of fuel econony. This is reflected by heavier
average vehicle weight, rising average horsepower, and faster
average 0 to 60 m |l e-per-hour acceleration tine.

Percent Change from 1981 to 2003
in Average Vehicle Characteristics
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| nportant Notes Wth Respect to the Data Used in This Report

Unl ess otherwi se indicated, the fuel econony values in this
report are based on | aboratory data and have been adjusted
downward by about 15 percent so that this data is equivalent to
the real world estimates provided to consunmers on new vehicle
| abel s, in the EPA/ DCE Fuel Econony Guide, and in EPA's G een
Vehi cl e Guide. These adjusted fuel econony values are
significantly | ower than those used by the U S. Departnent of
Transportation (DOT) for conpliance wth Corporate Average Fue
Econony (CAFE) standards as, in addition to the 15-percent
downward adjustnent for real world driving, they al so excl ude
credits for alternative fuel capability and test procedure
Eggnges that are included in the CAFE data reported by the U. S.

When conparing data in this report with those in previous
reports in this series, please note that revisions are nmade in
the data for sonme recent nodel years for which nore conplete and
accurate sales and fuel econony data have becone avail abl e.

Sal es data for recent nodel years are based on confidenti al
information provided to the governnment by the manufacturers. The
sal es data for nodel years 2002 and 2003 used in this report have
been adjusted to take into account data available at the tinme the
data base was frozen in Septenber 2002.

This report is available electronically at:

http://ww. epa. gov/ ot ag/ f etrends. ht m

A copy of the Fuel Econony CGuide giving city and highway fuel
econony data for individual nodels is available at:

http://ww. fuel econony. gov

and EPA's Green Vehicle GQuide is available on EPA's web site at:

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

Vi



1. Ceneral Car and Truck Trends

Table 1 gives sales, fuel econony, and related information
for passenger cars, light trucks, and all |ight-duty vehicles
(cars and light trucks) for nodel years 1975 to 2003. As Figure
1 shows, the fuel econony of the conbined car and |ight truck
fleet increased from13.1 MPGin 1975 to a peak value of 22.1 MPG
in 1987 and 1988. Since then, fuel econony has gradually
decl i ned about six percent. For My2003, average adjusted MPG of
all cars and trucks conbined is projected to be 20.8 (0.4 MPG
greater than last year). Using the My2003 fuel econony average
val ues for cars and light trucks and conputing a hypothetica
fl eet average based on the light truck market share in 1987, not
2003, a value of 22.3 MPG can be estimated which is within one
percent of the value obtained in the peak years of 1987-8,

i ndicating that nuch of the decline since then can be attri buted
to the increasing sales fraction of light trucks which have | ower
average fuel econony than cars. The increase in the light truck
share of the market is the nost inportant trend in the |ight
vehicle fleet over recent years and one which may now only be
beginning to | evel off.

The figures and tables in this report provide fuel econony
data using two different approaches: the “laboratory” based or
“unadj ust ed” val ues whi ch have been used in many previous reports
in this series and “adjusted” MPG val ues which are based on the
adj ustnents nmade to the | aboratory fuel econony values for the
fuel econony information prograns: the Fuel Econony CGuide, new
vehi cl e fuel econony |abels, and the G een Vehicle Guide. The
adjusted city MPG value is 0.90 tines the laboratory city MPG
val ue, and the adjusted highway MPG value is 0.78 tines the
| aboratory MPG value. As described in the appendi xes, these city
and hi ghway val ues are conbined to forma conposite 55/45
conbi ned city/ highway MPG  For a typical vehicle, the adjusted
55/45 MPG i s about 15 percent |less than the |aboratory 55/45 MPG
Presenting both types of MPG values facilitates the use of this
report by those who study either type of fuel econony netric.

In this report, “ton-MPG is defined as a vehicle' s adjusted
MPG nultiplied by its inertia weight in tons. This nmetric
provi des an indication of a vehicle's ability to nove wei ght
(i.e., its own plus a nom nal payload). Ton-MPGis a neasure of
powertrain/drive-line efficiency. Just as an increase in vehicle
MPG at constant wei ght can be considered an inprovenent in a
vehicle s efficiency, an increase in a vehicle' s weight-carrying
capacity at constant MPG can al so be considered an “i nprovenent.”
Appendi x A contains a further description of the database and
cal cul ation nethods used in this report.



The fuel econony databases that EPA uses for this report and
ot her purposes are based on the consuner information and
regul at ory dat abases mai ntai ned by the Agency. For a given nodel
year, these databases change with calendar tine as the initia
MPG val ues and sal es projections available in the Fall of the
year evolve toward final and nore conplete MPG data and actua
production data. This cal endar tine-based process can take nore
than one year to conplete and during this tinme, the database is
changing. Therefore, the results that are obtained from using
t he dat abase depend on when the analysis is done. This report is
being released earlier in the process than recent previous
reports to be nore consistent with the release of the consuner
MPG information in the EPA/ DOE fuel econony CGuide, and therefore
the data are representative of the 2003 database in its earliest
state.

Figure 1 shows that the estimated |ight truck share of the
mar ket is about 48 percent, nore than double what it was in any
year between 1975 and 1983. Vans and SUVs conbi ned account for
nearly a third of this year’s fleet, conpared to about a
si xteenth of the 1975 fl eet.

Tabl e 2 shows sone of the characteristics of each year’s
fleet. At 3974 Ib., the average wei ght of the My2003 fleet is 18
I b. heavier than last year’'s, 773 |b. heavier than it was at the
m nimumin 1981-82, and the fourth heaviest since 1975. The
My2003 fleet is also the nost powerful and estimated to be as
fast as it has ever been.



Fuel Economy by Model Year
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Table 1

Fuel Econony Characteristics of 1975 to 2003 Light-Duty Vehicles
Cars

MODEL  SALES <---- FUEL ECONOWY ----> TON CU-FT CUFT-
YEAR (000) FRAC LAB ADJ ADJ ADJ -MPG -MPG TON- MPG
55/ 45 CGATY HW 55/45

1975 8237 . 806 15. 8 12.3 15.2 13.5 27.6

1976 9722 . 788 17.5 13.7 16.6 14.9 30.2

1977 11300 . 800 18. 3 14.4 17.4 15.6 31.0 1780 3423
1978 11175 . 773 19.9 15.5 19.1 16.9 30.6 1908 3345
1979 10794 . 778 20.3 15.9 19.2 17.2 30.2 1922 3301
1980 9443 . 835 23.5 18.3 22.6 20.0 31.2 2136 3273
1981 8733 . 827 25.1 19.6 24.2 21.4 33.1 2338 3547
1982 7819 . 803 26.0 20.1 25.5 22.2 34.2 2419 3645
1983 8002 LTT77 25.9 19.9 25.5 22.1 34.7 2476 3776
1984 10675 . 761 26. 3 20.2 26.0 22.4 35.1 2482 3776
1985 10791 . 746 27.0 20.7 26.8 23.0 35.8 2551 3881
1986 11015 . 717 27.9 21.3 27.7 23.8 36.4 2608 3914
1987 10731 . 722 28.1 21.5 28.0 24.0 36.5 2604 3900
1988 10736 . 702 28.6 21.8 28.5 24.4 37.3 2662 4007
1989 10018 . 693 28.1 21.4 28.3 24.0 37.4 2630 4034
1990 8810 . 698 27.8 21.1 28.1 23.7 37.8 2574 4055
1991 8524 . 678 28.0 21.2 28.3 23.9 37.8 2597 4055
1992 8108 . 666 27.6 20.8 28.3 23.6 38.4 2598 4169
1993 8457 . 640 28.2 21.3 28.8 24.1 38.8 2655 4214
1994 8414 . 602 28.1 21.1 28.8 24.0 39.1 2638 4237
1995 9396 . 620 28.3 21.2 29.3 24.2 39.6 2676 4315
1996 7890 . 600 28.3 21.2 29.3 24.2 39.8 2671 4342
1997 8335 . 577 28.4 21.3 29.4 24.3 39.9 2674 4341
1998 7972 . 552 28.5 21.3 29.6 24.4 40.5 2684 4401
1999 8446 . 553 28.1 21.1 29.2 24.1 40.6 2658 4446
2000 9124 . 551 28.2 21.1 29.1 24.1 40.7 2668 4466
2001 8405 . 539 28.4 21.4 29.3 24.3 41.4 2700 4525
2002 8190 . 522 28.5 21.4 29.3 24.3 41.7 2721 4594
2003 8388 . 524 29.0 21.8 29.7 24.8 42.6 2775 4688



Table 1, Conti nued

Fuel Econony Characteristics of 1975 to 2003 Light-Duty Vehicles
Trucks
MODEL SALES <---- FUEL ECONOW ----> TON

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

1975 1987 . 194 13. 7 10.9 12.7 11.6 24.2
1976 2612 . 212 14. 4 11.5 13.2 12.2 26.0
1977 2823 . 200 15.6 12.6 14.1 13.3 28.0
1978 3273 . 227 15.2 12.4 13.7 12.9 27.5
1979 3088 . 222 14. 7 12.1 13.1 12.5 27.3
1980 1863 . 165 18.6 14.8 17.1 15.8 30.9
1981 1821 . 173 20.1 16.0 18.6 17.1 33.0
1982 1914 . 197 20.5 16.3 19.0 17.4 33.7
1983 2300 . 223 20.9 16.5 19.6 17.8 34.0
1984 3345 . 239 20.5 16.1 19.3 17.4 33.5
1985 3669 . 254 20.6 16.2 19.4 17.5 33.7
1986 4350 . 283 21.4 16.9 20.2 18.3 34. 4
1987 4134 . 278 21.6 16.9 20.7 18.4 34.5
1988 4559 . 298 21.2 16.5 20.4 18.1 34.9
1989 4435 . 307 20.9 16.3 20.1 17.8 35.2
1990 3805 . 302 20.7 16.1 20.2 17.7 35.6
1991 4049 . 322 21.3 16.4 20.7 18.1 36.0
1992 4064 . 334 20.8 16.1 20.4 17.8 36. 2
1993 4754 . 360 21.0 16.1 20.7 17.9 36.6
1994 5572 . 398 20.8 16.0 20.4 17.7 36.7
1995 5749 . 380 20.5 15.8 20.2 17.5 36.9
1996 5254 . 400 20.8 16.0 20.7 17.8 37.8
1997 6117 . 423 20.6 15.8 20.4 17.6 38.3
1998 6477 . 448 20.9 16.0 20.8 17.8 38.3
1999 6839 . 447 20.5 15.7 20.3 17.5 38.6
2000 7434 . 449 20.8 16.0 20.5 17.7 38.9
2001 7189 . 461 20.6 15.9 20.2 17.6 39.3
2002 7511 . 478 20.3 15.6 20.1 17.3 39.7
2003 7612 . 476 20.8 15.9 20.5 17.7 40. 8



Table 1, Conti nued
Fuel Econony Characteristics of 1975 to 2003

Cars and Light Trucks

MODEL SALES <---- FUEL ECONOW ----> TON
YEAR (000) FRAC LAB ADJ ADJ ADJ - VPG
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 14449 1.000 24.5 18.5 24.9 20.9 39.5
1999 15285 1.000 24. 1 18.3 24.4 20.6 39.7
2000 16558 1.000 24.3 18.4 24.5 20.7 39.9
2001 15594 1.000 24.2 18.4 24.3 20.7 40. 4
2002 15700 1.000 23.9 18.2 24.0 20.4 40. 7
2003 16000 1.000 24. 4 18.6 24.5 20.8 41.7



Table 2

Vehi cl e Si ze and Desi gn Characteristics
of 1975 to 2003 Cars

S R MEASURED CHARACTERI STICS -------------- > <-- PERCENT BY: -->
MODEL SALES ADJ VOL | NERTI A ENG HP/ 0-60 TOP VEHI CLE SI ZE
YEAR (000) FRAC 55/45 CUFT WGHT HP Wt TIME SPD SVALL M D LARCE

MPG LB
1975 8237 .806 13.5 4057 136 .0331 14.2 111 55.4 23.3 21.3
1976 9722 .788 14.9 4058 134 .0324 14.4 110 55.4 25.2 19.4
1977 11300 .800 15.6 110 3943 133 .0335 14.0 111 51.9 24.5 23.5
1978 11175 .773 16.9 109 3587 124 .0342 13.7 111 44.7 34.4 21.0
1979 10794 .778 17.2 108 3484 119 .0338 13.8 110 43.7 34.2 22.1
1980 9443 .835 20.0 104 3101 100 .0322 14.3 107 54.4 34.4 11.3
1981 8733 .827 21.4 106 3075 99 .0320 14.4 106 51.5 36.4 12.2
1982 7819 .803 22.2 106 3054 99 .0320 14.4 106 56.5 31.0 12.5
1983 8002 777 22.1 108 3111 104 .0330 14.0 108 53.1 31.8 15.1
1984 10675 .761 22.4 107 3098 106 .0339 13.8 109 57.4 29.4 13.2
1985 10791 .746 23.0 108 3092 111 .0355 13.3 111 55.7 28.9 15.4
1986 11015 . 717 23.8 107 3040 111 .0360 13.2 111 59.5 27.9 12.6
1987 10731 .722 24.0 106 3030 112 .0365 13.0 112 63.5 24.3 12.2
1988 10736 .702 24.4 107 3046 116 .0375 12.8 113 64.8 22.3 12.8
1989 10018 .693 24.0 107 3099 121 .0387 12.5 115 58.3 28.2 13.5
1990 8810 .698 23.7 107 3175 129 .0401 12.1 117 58.6 28.7 12.8
1991 8524 .678 23.9 106 3153 132 .0413 11.8 118 61.5 26.2 12.3
1992 8108 .666 23.6 108 3239 141 .0428 11.5 120 56.5 27.8 15.6
1993 8457 .640 24.1 108 3207 138 .0425 11.6 120 57.2 29.5 13.3
1994 8414 .602 24.0 108 3249 143 .0432 11.4 121 58.5 26.1 15.4
1995 9396 .620 24.2 108 3262 152 .0460 10.9 125 57.3 28.6 14.0
1996 7890 .600 24.2 108 3281 154 .0464 10.8 125 54.3 32.0 13.6
1997 8335 .577 24.3 108 3274 156 .0469 10.7 126 55.1 30.6 14.3
1998 7972 .552 24.4 108 3306 159 .0475 10.6 127 49.4 39.1 11.4
1999 8446 .553 24.1 109 3365 164 .0481 10.5 128 47.4 40.0 12.5
2000 9124 .551 24.1 109 3369 168 .0492 10.4 129 47.5 34.3 18.2
2001 8405 .539 24.3 109 3379 168 .0492 10.3 129 50.9 32.3 16.8
2002 8190 .522 24.3 109 3405 175 .0507 10.1 131 48.7 34.8 16.4
2003 8388 .524 24.8 109 3410 175 .0508 10.1 131 52.0 32.7 15.4



Tabl e 2, Conti nued

Vehi cl es Size and Design Characteristics of
1975 to 2003 Light Trucks

SRR MEASURED CHARACTERI STICS ------------ > S PERCENT BY: --------- >
MODEL SALES ADJ | NERTI A ENG HP/ 0-60 TOP  VEHI CLE SI ZE VEHI CLE TYPE
YEAR (000) FRAC 55/45 WCGHT HP W TIME SPD SMALL MD LARGE VAN SUV Pl CKUP

MPG LB

1975 1987 .194 11.6 4072 142 .0349 13.6 114 10.9 24.2 64.9 23.0 9.4 67.6
1976 2612 .212 12.2 4154 141 .0340 13.8 113 9.0 20.3 70.7 19. 2 9.3 71.4
1977 2823 .200 13.3 4135 147 .0356 13.3 115 11.1 20.3 68.5 18.2 10.0 71.8
1978 3273 .227 12.9 4151 146 .0351 13.4 114 10.9 22.7 66.3 19.1 11.6 69.3
1979 3088 .222 12.5 4251 138 .0325 14.3 111 15.2 19.5 65.3 15.6 13.0 71.5
1980 1863 .165 15.8 3868 121 .0313 14.5 108 28.4 17.6 54.0 13.0 9.9 77.1
1981 1821 .173 17.1 3805 119 .0311 14.6 108 23.2 19.1 57.7 13.5 7.5 79.1
1982 1914 .197 17.4 3805 120 .0317 14.5 109 21.1 31.0 47.9 16. 2 8.5 75.3
1983 2300 .223 17.8 3763 118 .0313 14.5 108 16.6 45.9 37.6 16.6 12.6 70.8
1984 3345 .239 17.4 3782 118 .0310 14.7 108 19.5 46.4 34.1 20.2 18.7 61.1
1985 3669 .254 17.5 3795 124 .0326 14.1 110 19.2 48.5 32.3 23.3 20.0 56.6
1986 4350 .283 18.3 3737 123 .0330 14.0 110 23.5 48.5 28.0 24.0 17.8 58.2
1987 4134 .278 18.4 3712 131 .0351 13.3 113 19.9 59.6 20.6 26.9 21.1 51.9
1988 4559 .298 18.1 3841 141 .0366 12.9 115 15.0 57.2 27.8 24.8 21.2 53.9
1989 4435 .307 17.8 3921 146 .0372 12.8 116 13.9 58.9 27.2 28.8 20.9 50.3
1990 3805 .302 17.7 4005 151 .0377 12.6 117 13.4 57.1 29.6 33.2 18.6 48.2
1991 4049 .322 18.1 3948 150 .0379 12.6 117 11.4 67.2 21.4 25.5 27.0 47.4
1992 4064 .334 17.8 4055 155 .0382 12.5 118 10.4 64.0 25.6 30.0 24.7 45.3
1993 4754 .360 17.9 4073 162 .0398 12.1 120 8.8 65.3 25.9 30.3 27.6 42.1
1994 5572 .398 17.7 4129 166 .0402 12.0 121 9.8 62.5 27.7 25.0 28.5 46.5
1995 5749 .380 17.5 4184 168 .0401 12.0 121 8.6 63.5 27.9 28.9 31.6 39.5
1996 5254 .400 17.8 4224 179 .0423 11.5 124 6.5 67.1 26.4 26.8 36.0 37.2
1997 6117 .423 17.6 4344 187 .0429 11.4 126 10.1 52.5 37.3 20.7 40.0 39.3
1998 6477 .448 17.8 4282 187 .0435 11.2 126 8.9 58.7 32.4 23.0 39.8 37.3
1999 6839 .447 17.5 4412 197 .0446 11.0 128 7.7 55.8 36.5 21.4 41.4 37.2
2000 7434 .449 17.7 4375 197 .0448 11.0 128 6.7 55.7 37.5 22.7 42.2 35.1
2001 7189 .461 17.6 4462 209 .0466 10.6 131 6.6 47.4 46.0 17.2 46.3 36.5
2002 7511 .478 17.3 4556 219 .0479 10.4 133 6.2 45.1 48.6 17.4 50.5 32.1
2003 7612 .476 17.7 4595 220 .0478 10.4 133 6.4 48.1 45.5 17.0 49.3 33.7



Tabl e 2, Conti nued

Vehi cl es Size and Design Characteristics
of 1975 to 2003 Cars and Light Trucks

R MEASURED CHARACTERI STICS ---------- > <-- PERCENT BY: -->
MODEL SALES ADJ I NERTIA ENG HP/ 0-60 TOP VEHI CLE SI ZE
YEAR (000) FRAC 55/45  WGHT HP W TIME SPD SVALL MD LARCE

MPG LB
1975 10224 1.000 13.1 4060 137 .0335 14.1 112 46.8 23.5 29.8
1976 12334 1.000 14.2 4079 135 . 0328 14.3 111 45.6 24.2 30.3
1977 14123 1.000 15.1 3981 136 . 0339 13.8 112 43.8 23.7 32.5
1978 14448 1.000 15.8 3715 129 . 0344 13.6 112 37.0 31.7 31.2
1979 13882 1.000 15.9 3655 124 . 0335 13.9 110 37.3 30.9 31.7
1980 11306 1.000 19.2 3227 104 . 0320 14.3 107 50.1 31.6 18.3
1981 10554 1.000 20.5 3201 102 . 0318 14.4 107 46.6 33.4 20.0
1982 9732 1.000 21.1 3201 103 . 0320 14.4 107 49.6 31.0 19.5
1983 10302 1.000 21.0 3257 107 .0327 14.1 108 44.9 34.9 20.1
1984 14020 1.000 21.0 3261 109 . 0332 14.0 109 48.4 33.4 18.2
1985 14460 1.000 21.3 3271 114 . 0347 13.5 110 46.5 33.9 19.7
1986 15365 1.000 21.9 3237 114 .0351 13.4 111 49.3 33.7 17.0
1987 14865 1.000 22.1 3220 118 .0361 13.1 112 51.4 34.1 14.5
1988 15295 1.000 22.1 3283 123 .0372 12.8 114 50.0 32.7 17.3
1989 14453 1.000 21.7 3351 129 .0382 12.5 115 44,7 37.6 17.7
1990 12615 1.000 21.5 3426 135 .0394 12.2 117 44,9 37.2 17.8
1991 12573 1.000 21.7 3409 138 . 0402 12.1 118 45.3 39.4 15.2
1992 12172 1.000 21.3 3512 145 . 0413 11.8 120 41.1 39.9 19.0
1993 13211 1.000 21.4 3518 147 . 0416 11.8 120 39.8 42.4 17.8
1994 13986 1.000 21.0 3600 152 .0420 11.7 121 39.1 40.6 20.3
1995 15145 1.000 21.1 3612 158 . 0438 11.3 123 38.8 41.9 19.3
1996 13144 1.000 21.2 3658 164 .0447 11.1 125 35.2 46.0 18.7
1997 14451 1.000 20.9 3727 169 . 0452 11.0 126 36.1 39.9 24.1
1998 14449 1.000 20.9 3743 171 . 0457 10.9 126 31.3 47.9 20.8
1999 15285 1.000 20.6 3834 179 . 0465 10.7 128 29.7 47.1 23.3
2000 16558 1.000 20.7 3821 181 .0472 10.6 129 29.2 43.9 26.9
2001 15594 1.000 20.7 3879 187 . 0480 10.5 130 30.4 39.3 30.3
2002 15700 1.000 20.4 3956 196 . 0494 10.2 132 28.4 39.8 31.8
2003 16000 1.000 20.8 3974 197 . 0494 10.2 132 30.3 40.0 29.7



The distribution of MPGin any nodel year is of interest.
In Figure 2, highlights of the distribution of car MPG are shown.
Since 1975, the distribution has both narrowed and w dened. Half
of the cars have consistently been wthin a few MPG of each
other, but the range of the highest to | owest has increased from
about 3:1 in 1975 to about 6:1 today. |In absolute terns, the
fuel econony difference between the |east efficient and nost
efficient car increased fromabout 20 MPG in 1975 to nearly 40
MPG a decade |later in 1985 and becane, with the introduction for
sal e of the Honda Insight gasoline-electric hybrid vehicle in
nodel year 2000, nore than 50 MPG

The overall MPG distribution trend for trucks (see Figure 3)
s simlar to that for cars, but narrower with a peak in the
fficiency of the nost efficient truck in the early 1980s when
mal | pickup trucks equi pped with D esel engines were being sold.
As a result, the fuel econony range between the nost efficient
and | east efficient truck has narrowed from about 30 MPG in 1983
to about 14 MPG this year. Like cars, half of the trucks built
each year have always been within a few MPG of each year’s
aver age fuel econony val ue.

i
e
S

Sales Weighted Car Sales Weighted Truck
Fuel Economy Distribution Fuel Economy Distribution

Adjusted 55/45 MPG 20 Adjusted 55/45 MPG

First Hybrid
Car — — L

60

50

40
Best 1%

e
SRR
S

335

5

30

5
S8
558
R

SIS
S

SN e o
N IS .

e SR a R & e o
R s et Best 1%

SR
S

sssssss
S 50% of Trucks
e B R R
35 B R R
s R RIS
o =TT

B —
e e i,

B SIS SIS

B SIS

SIS 20

— %
e 5
SRS sy
555

=,
B
52
53
o
0%
2036

S SIS
SR s
55 SRR
kesssssssey S5

RS
SRS pns R
S
™
e
RS 50% of Cars
B

S

5 S s
RS 55 S s
sl e SRR

5 5
5
osateetatetoritetotetets’”
Worst 1%
s

%

20

5

S
S5

RS
S

S
s
SRR
RS
RS
S
%
s
s
53

s
R SRR S SRS S sssssssat
5 .
-
S
TR
5

R S S
5 o
s s
SR
55
S
S
e

5
%
oo

S5
5
55
SRR
e

3%
5
%
3
%

%
3

£
KX
%
%
%

%

PIRIRS 5

s

R 0
SIS

P Worst 1%

55 SR

R

S

104 10

3
oS
1

63

53
0%
£

55

%
-3
4

%
<

%
)
%
B
B
B3
%%
S

A
5
&

5
%

Worst
Truck

Car

ottt 0 ‘ ‘ ‘ ‘ ‘
1975 1980 1985 1990 1995 2000 1975 1980 1985 1990 1995 2000

Model Year Model Year
Figure 2 Figure 3

10



I[11. Technol oqgy Trends

Table 3 repeats sone of the data from Tables 1 and 2 and
adds powertrain information including front-wheel drive percent,
transm ssion type, fuel netering, and percent of vehicles
equi pped with engines that have four valves per cylinder. Cars
are predom nantly powered by gasoline-fuel ed engi nes that use
port fuel injection and have four valves per cylinder, and use
| ockup automatic transm ssions driving the front wheels. Trucks
have gasoline-fuel ed engines with port fuel injection and have
two val ves per cylinder, and use | ockup automatic transm ssions
that drive the rear or all four wheels.

Tabl e 4 conpares technol ogy usage for MY2003 by vehicle type
and size. For this table, the car classes are 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
this table does not contain any data for small vans and | arge
wagons, because none have been produced since 1996. In addition,
in some of the tables and figures, only four types are used. In
t hese cases, wagons have been nerged with cars. This is because
the wagon sales fraction for sonme instances is so small that the
information is nore conveniently represented by conbining the two
vehicle types. Wen they have been conbi ned, the differences
bet ween them are not i nportant

Front -wheel drive (FWD) is used heavily in all of the car
cl asses, in small wagons, and m dsize vans. By conparison, none
of this year’s pickups will have front-wheel drive, and very
little use of it is found in large vans or any of the SUVs.
Conversely, four-wheel drive (4WD) is used heavily in SUVs and
pi ckups. Many of the m dsize wagons al so have 4WD, but very
l[ittle use of it is nmade in vans and cars.

Manual transm ssions are used in snmall and m d-size vehicles
in 2003. Simlarly, usage of engines with four val ves per
cylinder is prevalent on small vehicles and al so m dsize cars,
wagons, and SUVs.

Detail ed tabulations of different technol ogy types,

i ncl udi ng technol ogy usage percentages for other nodel years, can
be found in the Appendi xes.
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Table 3

Powertrain Characteristics of 1975 to 2003 Vehicl es
(Percent age Basi s)

MODEL SALES ADJ ENG NE HP/ DRI VETRAIN TRANSM SSI ON FUEL METERI NG FOUR
YEAR (000) FRAC 55/45 CID HP CID FRONT 4WD MANUAL LOCK FI PORT TBI CARB DSL VALVE
MPG
Cars
1975 8237 .806 13.5 288 136 . 515 6.5 0 19.9 .0 5.1 5.1 0 94.6 .2 .0
1976 9722 .788 14.9 287 134 . 502 5.8 0 17.1 .0 3.2 3.2 0 96.6 .3 .0
1977 11300 .800 15.6 279 133 . 516 6.8 0 16. 8 .0 4.2 4.2 0 95.3 .5 .0
1978 11175 .773 16.9 251 124 . 538 9.6 0 20.2 6.7 5.1 5.1 0 94.0 .9 .0
1979 10794 .778 17.2 238 119 .545 11.9 3 22.3 8.0 4.7 4.7 0 93.2 2.1 .0
1980 9443 .835 20.0 188 100 .583 29.7 .9 31.9 16.5 6.9 6.2 .7 88.7 4.4 .0
1981 8733 .827 21.4 182 99 .594 37.0 .7 30.4 33.3 8.8 6.1 2.6 85.3 5.9 .0
1982 7819 .803 22.2 175 99 .609 45.6 .8 29.7 51.4 17.0 7.2 9.8 78.4 4.7 .0
1983 8002 777 22.1 182 104 .615 47.3 3.1 26.5 56.7 28.3 9.5 18.9 69.6 2.1 .0
1984 10675 .761 22.4 179 106 .637 53.7 1.0 24.1 58.3 39.4 15.0 24.4 58.9 1.7 .0
1985 10791 .746 23.0 177 111 .671 61.6 2.1 22.8 58.7 53.5 21.4 32.0 45.6 9 .0
1986 11015 .717 23.8 167 111 .701 71.1 1.1 24.8 58.0 65.1 36.7 28.4 34.5 3 1.6
1987 10731 .722 24.0 162 112 .732 77.0 1.1 24.9 59.5 73.0 42.5 30.5 26.8 3 5.6
1988 10736 .702 24.4 160 116 .759 81.7 .8 24.3 66.1 83.7 53.7 30.0 16.3 0 10.4
1989 10018 .693 24.0 163 121 .783 82.5 1.0 21.0 69.3 90.2 62.4 27.8 9.7 0 12.8
1990 8810 .698 23.7 163 129 .829 84.6 1.0 19.6 72.9 098.6 77.5 21.1 1.4 0 25.7
1991 8524 .678 23.9 163 132 .851 83.2 1.4 20.5 73.5 99.8 78.0 21.8 .0 1 28.2
1992 8108 .666 23.6 170 141 .868 80.8 1.1 17.4 76.4 99.9 89.5 10.4 0 1 29.7
1993 8457 .640 24.1 166 138 .865 85.1 1.2 17.8 76.9 100.0 91.6 8.4 0 0 32.8
1994 8414 .602 24.0 168 143 .884 84.4 .4 16.7 79.3 100.0 94.9 5.1 0 0 38.9
1995 9396 .620 24.2 167 152 .945 82.0 1.2 16.3 81.9 99.9 98. 8 1.2 0 1 52.1
1996 7890 .600 24.2 165 154 .958 86.5 1.5 14.9 83.6 99.9 98. 8 1.1 0 1 56. 2
1997 8335 .577 24.3 164 156 .974 86.5 1.7 13.5 85.8 99.9 99.1 .8 0 1 57.4
1998 7972 .552 24.4 164 159 .993 87.0 2.3 12.3 87.3 99.8 99.7 1 0 2 60.5
1999 8446 .553 24.1 166 164 1.009 86.5 3.0 11.0 88.4 99.8 99.7 1 0 2 59.7
2000 9124 .551 24.1 165 168 1.032 84.9 2.1 11.2 87.7 99.8 99.7 1 0 2 63. 2
2001 8405 .539 24.3 165 168 1.042 84.1 3.2 11.4 87.5 99.7 99.7 0 0 3 61.8
2002 8190 .522 24.3 168 175 1.063 83.1 3.8 14.0 85.1 99.8 99.8 0 0 2 64.5
2003 8388 .524 24.8 165 175 1.083 82.4 3.6 14.7 84.7 99.6 99. 6 0 0 4 70.4
Trucks
1975 1987 .194 11.6 311 142 . 476 .0 17.1 37.0 .0 .1 .0 0 99.9 .0 .0
1976 2612 .212 12.2 319 141 . 458 .0 22.9 34.8 .0 .1 .0 0 99.9 .0 .0
1977 2823 .200 13.3 318 147 . 482 .0 23.6 32.0 .0 .1 .0 0 99.9 .0 .0
1978 3273 .227 12.9 314 146 . 481 .0 29.0 32.4 .0 .1 .0 0 99.1 .8 .0
1979 3088 .222 12.5 298 138 . 486 .0 18.0 35.2 2.1 .3 .0 0 97.9 1.8 .0
1980 1863 .165 15.8 248 121 . 528 1.4 25.0 53.0 24.6 1.7 .0 0 94.9 3.5 .0
1981 1821 .173 17.1 247 119 . 508 1.9 20.1 51.6 31.1 1.1 .0 0 93.3 5.6 .0
1982 1914 .197 17.4 243 120 . 524 1.7 20.0 45.7 33.2 .7 .0 0 90.0 9.3 .0
1983 2300 .223 17.8 231 118 . 543 1.4 25.8 45.9 36.1 .6 .0 0 94.7 4.7 .0
1984 3345 .239 17.4 224 118 . 557 4.9 31.0 42.1 35.1 2.6 .0 0 95.1 2.3 .0
1985 3669 .254 17.5 224 124 . 586 7.1 30.6 37.1 42.2 12.3 .0 .2 86.7 1.1 .0
1986 4350 .283 18.3 211 123 . 621 5.9 30.3 42.7 42.0 40.5 21.8 18.7 58.7 .7 .0
1987 4134 .278 18.4 210 131 . 654 7.4 31.5 39.9 44.8 66.9 33.3 33.6 32.9 .3 .0
1988 4559 .298 18.1 227 141 . 650 9.0 33.3 35.5 53.1 87.7 43.3 44.4 12.1 .2 .0
1989 4435 .307 17.8 234 146 . 653 9.9 32.0 32.7 56.8 93.5 45.9 47.6 6.3 .2 .0
1990 3805 .302 17.7 237 151 .668 15.5 31.3 28.1 67.4 96.0 55.2 40.8 3.9 .2 .0
1991 4049 .322 18.1 228 150 . 681 9.7 35.3 31.0 67.4 98.2 55.0 43.2 1.6 .1 .0
1992 4064 .334 17.8 234 155 .685 13.6 31.4 27.3 71.5 98.4 65.9 32.5 1.5 .1 .0
1993 4754 .360 17.9 235 162 .710 15.1 29.5 23.3 75.7 99.0 73.4 25.7 1.0 .0 .2
1994 5572 .398 17.7 240 166 .716 13.3 37.4 23.3 75.2 99.6 76.8 22.8 .4 .0 2.5
1995 5749 .380 17.5 244 168 .715 17.7 40.7 20.5 78.6 100.0 79.8 20.2 .0 .0 8.1
1996 5254 .400 17.8 243 179 . 757 20.1 37.1 15.6 83.5 99.9 99.9 .0 .0 .1 10.4
1997 6117 .423 17.6 248 187 775 13.9 43.3 14.6 84.9 100.0 100.0 0 .0 .0 11.3
1998 6477 .448 17.8 242 187 .795 18.7 42.0 13.5 86.0 100.0 100.0 0 .0 .0 15.2
1999 6839 . 447 17.5 249 197 .814 17.4 44.6 9.1 90.5 100.0 100.0 0 .0 .0 16. 2
2000 7434 .449 17.7 242 197 .832 19.4 42.5 8.0 91.7 100.0 100.0 0 .0 .0 20.5
2001 7189 .461 17.6 243 209 .882 18.5 43.8 6.3 93.4 100.0 100.0 0 .0 .0 27.1
2002 7511 .478 17.3 246 219 .910 18.3 48.0 6.4 93.2 100.0 100.0 0 .0 .0 32.2
2003 7612 .476 17.7 245 220 .919 18.1 49.1 5.9 93.3 100.0 100.0 0 .0 .0 33.7

=
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Tabl e 3, Conti nued

Powertrain Characteristics of 1975 to 2003 Cars and Light Trucks
(Percent age Basi s)

MODEL SALES ADJ ENG NE HP/ DRI VETRAI N TRANSM SSI ON FUEL METERI NG FOUR
YEAR (000) FRAC 55/45 CID HP CID FRONT 4W MANUAL LOCK Fl PORT TBI CARB  DSL VALVE
MPG
1975 10224 1.000 13.1 293 137 . 507 5.3 3.3 23.2 .0 4.1 4.1 .0 95.7 .2 .0
1976 12334 1.000 14.2 294 135 . 493 4.6 4.8 20.9 .0 2.5 2.5 .0 97.3 .2 .0
1977 14123 1.000 15.1 287 136 . 510 5.5 4.7 19.8 .0 3.4 3.4 .0 96.2 .4 .0
1978 14448 1.000 15.8 266 129 . 525 7.4 6.6 23.0 5.2 3.9 3.9 .0 95.2 .9 .0
1979 13882 1.000 15.9 252 124 . 532 9.2 4.3 25.1 6.7 3.7 3.7 .0 94.2 2.0 .0
1980 11306 1.000 19.2 198 104 .574 25.0 4.9 35.4 17.8 6.0 5.2 .6 89.7 4.3 .0
1981 10554 1.000 20.5 193 102 .580 31.0 4.0 34.1 33.0 7.5 5.1 2.2 86.7 5.9 .0
1982 9732 1.000 21.1 188 103 .593 37.0 4.6 32.8 47.8 13.8 5.8 7.9 80.6 5.6 .0
1983 10302 1.000 21.0 193 107 .599 37.0 8.1 30.8 52.1 22.1 7.3 14.7 75.2 2.7 .0
1984 14020 1.000 21.0 190 109 .618 42.1 8.2 28.4 52.8 30.6 11.4 18.6 67.6 1.8 .0
1985 14460 1.000 21.3 189 114 .650 47.8 9.3 26.5 54.5 43.0 16.0 23.9 56.1 .9 .0
1986 15365 1.000 21.9 180 114 .678 52.6 9.3 29.8 53.5 58.2 32.5 25.7 41.4 .4 1.1
1987 14865 1.000 22.1 175 118 .710 57.7 9.6 29.1 55.4 71.3 39.9 31.4 28.4 .3 4.0
1988 15295 1.000 22.1 180 123 .726 60.0 10.5 27.6 62.2 84.9 50.6 34.3 15.0 .1 7.3
1989 14453 1.000 21.7 185 129 . 743 60.2 10.5 24.6 65.5 91.2 57.3 33.9 8.7 .1 8.9
1990 12615 1.000 21.5 185 135 .781 63.8 10.1 22.2 71.2 97.8 70.8 27.0 2.1 .1 17.9
1991 12573 1.000 21.7 184 138 .796 59.6 12.3 23.9 71.6 99.3 70.6 28.7 .6 .1 19.1
1992 12172 1.000 21.3 191 145 .807 58.4 11.2 20.7 74.8 99.4 81.6 17.8 .5 .1 19.8
1993 13211 1.000 21.4 191 147 .809 59.9 11.4 19.8 76.5 99.7 85.0 14.6 .3 .0 21.1
1994 13986 1.000 21.0 196 152 .817 56.1 15.1 19.4 77.7 99.9 87.7 12.2 .1 .0 24.4
1995 15145 1.000 21.1 196 158 .857 57.6 16.2 17.9 80.7 100.0 91.6 8.4 .0 .0 35.4
1996 13144 1.000 21.2 197 164 .878 60.0 15.7 15.2 83.5 99.9 99.3 .7 .0 .1 37.9
1997 14451 1.000 20.9 199 169 .890 55.8 19.3 14.0 85.4 99.9 99.5 .5 .0 .1 37.9
1998 14449 1.000 20.9 199 171 .904 56.4 20.1 12.8 86.7 99.9 99.8 .1 .0 .1 40. 2
1999 15285 1.000 20.6 203 179 .921 55.5 21.6 10.2 89.3 99.9 99.9 .1 .0 .1 40. 3
2000 16558 1.000 20.7 200 181 .942 55.5 20.2 9.7 89.5 99.9 99.8 .0 .0 .1 44.0
2001 15594 1.000 20.7 201 187 .968 53.8 22.0 9.0 90.2 99.9 99.9 .0 .0 .1 45. 8
2002 15700 1.000 20.4 205 196 .990 52.1 25.0 10.3 89.0 99.9 99.9 .0 .0 .1 49.1
2003 16000 1.000 20.8 203 197 1.005 51.8 25.2 10.5 88.8 99.8 99.8 .0 .0 .2 52.9
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Tabl e 4

My2003 Technol ogy Usage by Vehicle Type and Si ze

Vehi cl e
Type

Car

Wagon

Van

SW

Pi ckup

(Percent of Vehicle Type/ Size Strata)

Si ze

Smal
M dsi ze
Lar ge

All

Smal
M dsi ze
Lar ge

Al 'l

Smal

M dsi ze
Lar ge
Al 'l

Smal

M dsi ze
Lar ge
Al 'l

Smal

M dsi ze
Lar ge

Al l

Cars

Trucks

Vehi cl es

Front
Wheel
Drive

80
91
76
83

89
56

77

85

76

13
17

10

o OOoOo

82

18

52

14

Four
Wheel
Drive

N Oorh

25
10
74
65
67
67
41
38
45

43

49

25

Manual
Tr ans.

25
5
0

15

16
12

15

37
20

11

15

11

Four Val ves
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Cyl i nder
76
74
36
69

95
84

91

27

24

79
55
37
50
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10

15
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34
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_ Three inportant changes in transm ssion design have occurred
in recent years:

1) the addition of a gear for both automatic and manual
transm ssi ons,

2) for the automatics, conversion to |ockup (L3, L4, or L5)
torque converter transm ssions, and

3) the use of continuously variable transm ssions (CVTs).

Figures 9 to 12 indicate that the L4 transmssion is
currently the predom nant transm ssion type for all vehicle
cl asses. For purposes of this analysis, cars and wagons have
been conbined as “cars,” because the trends for wagons are not
significantly different fromthat for cars. Were manua
transm ssions are used, the 5-speed (M) transm ssion now
predom nates. A small fraction of vehicles are equi pped with M
and L6 transm ssions in MY2003. More data stratified by
transm ssion type can be found in Appendi x J.

The increasing trend in ton-MPG shown in Table 1 can be
attributed to better vehicle design, including nore efficient
engi nes, better transm ssion design, and better matching of the
engi ne and transm ssion. Powertrains are matched to the | oad
better when the engine operates closer to its best efficiency
point nore of the time. For many conventional engines, this
point is approximtely 2000 RPM and 2/3 of the maxi numtorque at
that speed. One way to make 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, enploying a
| ockup torque converter

Table 5 conpares ton-MPG by transm ssion and vehicle type
bet ween 1988, the peak year for passenger car fuel econony, and
this year. For nearly every strata for which the equival ent
vehicle type used the sane transm ssion type in both years shown
in the table, ton-MPG wi Il be higher this year than it was in
1988. For nodel year 2003, cars and SUVs equi pped with L5
transm ssions will achieve about the sane ton-MPG as their MY2003
Mb- equi pped counterparts. Simlarly, for all four vehicle types,
MY2003 vehicles with L4 transm ssions achieve the same or better
ton-MPG this year than any of the corresponding vehicles did in
1988.
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Table 5

Ton- MPG by Transm ssion and Vehicle Type

Car Van SW Pi ckup
Tr ans 2003 1988 2003 1988 2003 1988 2003 1988
Vb 44 38 - - 38 39 34 40 36
%5 39 —- —- —- —- —- —- —-
L3 -- 37 34 37 -- 34 -- 32
L4 42 38 44 37 41 34 40 34
L5 43 - - 45 - - 41 - - 39 —-
L6 42 —- —- — —- —- —- - -

A recent powertrain trend has been the devel opnent and
i ntroduction of CVIs in some vehicle nodels. These transm ssions
differ fromconventional automatic transm ssions and manual
transm ssions in that CVTs do not have a fixed nunber of gears.
Transm ssions alter the ratio of engine speed to drive wheel
speed. In conventional transm ssions, this speed ratio is
limted to a fixed nunber of discrete values. For a CVT, the
ratio i s continuous.

In addition to novelty, the advantage of a CVT is that the
engi ne speed/drive wheel speed ratio can be altered to enhance
vehi cl e performance or fuel econony in ways not available wth
conventional transm ssions.

In order to assess the relative efficiency of CVIs conpared
to conventional transm ssions, vehicle nodels were sel ected that
were available with nore than one transm ssion type. |In many
cases, the resulting matches turned out to involve vehicles of
slightly different weight, which woul d add additi onal conplexity
to an anal ysis using fuel econony as the variable, so ton-mles
per gallon was used as the neasure of conparison to account for
the weight differences. The ton-npg values fromthe 2003
dat abase were nornmalized, and the results as shown bel ow.
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Tabl e 6

Mbdel Year 2003 CVT
Ton-MPG Normalized to Mb = 1. 00

Nor nal i zed Ton- MPG

Vehicl e Gty H ghway 55/ 45
M ni  Cooper 0. 87 0. 87 0. 87
Gvic Hybrid 1.06 0. 94 1.01
I nsi ght 1.05 0.92 0. 99
Audi A4 1.04 0. 94 1.00
Saturn Vue 0.94 0. 99 0. 96
Aver age 0. 99 0.93 0. 97

The results in Table 6 and Figure 13 show that froma ton-
MPG basi s, CVTs, conpared to manual transm ssions, are about the
sane or better in MPG based on the city cycle and sonewhat |ess
efficient on the highway cycle. Since the nechani smused for
providing the CVT function is generally considered to be |ess
efficient than a geartrain, it appears that the optim zati on and
calibration flexibility offered by the CVT on the city cycle nay
be nore than enough to overcone the nechani smefficiency
difference. 1t should be pointed out that there could be other
vehi cl e and engi ne di fferences between the conpared vehicles,
such as engine em ssion control calibrations which could
i nfl uence the conpari sons.

CVTs are |l ess than one percent of the market for 2003. |f

CVT market penetration increases, nore data will be available for
nore detail ed anal ysis.

Relative 55/45 Ton-MPG by Transmission Type
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Figures 14 through 17 conpare the trends since 1975 for
hor sepower (HP), displacenent (CID), and specific power or
hor sepower per cubic inch (HP/CID) for passenger cars, wagons,
vans, SWVs, and pickups. For all five vehicle types, significant
CID reductions occurred in the late 1970s and early 1980s. Since
1985, however, engi ne displacenent has been flat for cars,
wagons, and vans but has increased for SUVs and particularly for
pi ckups. Average horsepower has increased substantially for al
of these vehicle types since 1981 with the highest increase
ogcurring for pickups whose HP is now al nost double what it was
t hen.

Li ght-duty vehicl e engines, thus, have also inproved in
HP/ CID, with engines used in passenger cars inproving at a faster
rate than truck engines. |In fact, for the past several years,
car and wagon engi nes have averaged at least 1.0 HP/CI D, but
vans, SUVs, and pickups have yet to reach the 1.0 HP/CID | evel
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As shown in Table 7, for nodel year 2003 dependi ng on the
vehicle type, truck engi nes average approxi mately 20- to 40-
percent nore horsepower but require about 30- to 85-percent
greater displacenent, conpared to the average passenger-car
engi ne because of the differences in specific power. Note that
the specific power of the light-duty fleet now exceeds the 1.0
HP/ CI D | evel

Table 7

My2003 Engi ne Characteristics by Vehicle Type

Vehi cl e HP cD HP/ Per cent
Type C D 4 Val ve
Car 175 165 1.08 70
Van 203 223 0.92 24
SWw 222 235 0. 97 50
Pi ckup 226 270 0. 84 15
Al l 197 203 1.01 53

Table 8 conpares CID, HP, and HP/CI D by vehicle type and
nunmber of cylinders for nodel years 1988 and 2003. Note that,
for purposes of this table, cars and wagons have been conbi ned
into one vehicle type. Since 1988, changes in engi ne size have
been relatively small for all strata shown in the table,
particul arly when conpared to the changes in horsepower that have
taken place with specific power inprovenents related to the use
of multival ve engines likely accounting for the difference.
Four-cylinder engines used in cars, vans, and SUVs have exceeded
the one HP-per-CID level, but the same cannot be said of pickup
trucks.

At the nunber-of-cylinders |level of stratification, nodel
year 2003 cars achi eve hi gher specific power than SUvs, vans, and
pi ckup trucks. Simlarly, this year’s pickup truck engines
achi eve | ower specific power than the engines used in vans, SUVs,
and cars.

A reason for the | ower specific power of some truck engines

is that these vehicles may be used to carry heavy |oads or pul
trailers and thus need nore “torque rise,” (i.e., an increase in
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torque as engine speed falls fromthe peak power point) to

achi eve acceptable driveability. Engines equipped with four
val ves per cylinder typically have inherently |ower torque rise
t han two-val ve engines with | ower specific power.

Tabl e 8

| nprovenent in Horsepower and Specific Power
by Vehicle Type and Nunmber of Cylinders

Vehi cl e c D CID Percent HP HP Percent HP/ CI D HP/ CI D Percent
Type Cyl. 1988 2003 Change 1988 2003 Change 1988 2003 Change
Car 4 118 125 6% 95 139 46% . 805 1.119 39%
6 193 194 1% 142 201 42% . 744 1. 048 41%
8 301 268 -11% 164 267 63% . 544 1.004 85%
Van 4 145 148 2% 98 150 53% . 677 1.014 50%
6 213 217 2% 149 199 34% . 722 . 923 28%
8 322 321 0% 168 276 64% . 520 . 860 65%
SWw 4 122 138 13% 94 150 60% . 773 1. 088 41%
6 211 215 2% 147 213 45% . 706 1. 003 42%
8 338 310 -8% 183 267 46% . 541 . 863 60%
Pi ckup 4 142 146 3% 97 140 44% . 685 . 957 40%
6 229 233 2% 142 185 30% . 644 . 800 24%
8 329 312 -5% 180 264 47% . 544 . 849 56%

Figures 18 through 21 show that engines with nore val ves per
cylinder deliver higher values of HP per CID. Inprovenents in HP
per CID apply to all of the engines, regardl ess of the nunber of
val ves they have. Engines wth only two val ves per cylinder
deliver substantially nore horsepower per CID then they used to,
typically about a 50-percent increase for the tine period shown.
The difference in HP and HP-per-CID i s because the different
vehicle types use different technol ogies. Figures 22 through 25
show t hat many cars are equi pped with 4-val ve engi nes; the other
cl asses don’t enploy this technol ogy as extensively.
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Car Technology Penetration Car Technology Penetration
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Fi gure 26 conpares penetration rates for four passenger car
technol ogi es, nanely port fuel injection (Port Fl), front-whee
drive (FWD), four valves per cylinder (4-Valve) and four- and
five-speed | ockup transm ssions (L4 and L5). This figure
indicates that it may take a decade for a technol ogy to prove
itself and attain a sales fraction of 40 to 50 percent and as
|l ong as another five or ten years to reach maxi mum mar ket
penetration. It thus takes sone tine after the introduction of a
new technology for it to fully penetrate the market.

A simlar conparison of three technol ogi es whose sal es
fraction peaked out at about 40 percent or less is shown in
Figure 27. This figure shows that it may al so take a nunber of
years for technol ogies such as 3-val ve-per-cylinder engines (3-
valve), throttle body fuel injection (TBl), and | ockup 3-speed
(L3) transm ssions to reach their maxi num sales fraction, and,
even then, use of these technol ogies nmay conti nue for a decade or
longer. For the limted nunber of cases studied, the tine a
gi ven technol ogy needs to attain and then pass a market share of
about 40 to 50 percent appears to be an indicator of whether it
will ever attain a stabilized high | evel of market penetration.
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I n nodel year 2003, three hybrids are in the fleet: the Honda
I nsight, the Honda G vic, and the Toyota Prius. These hybrid
vehi cl es have gasoline-fuel ed engi nes, batteries, and
not or/ generators as key parts of their propul sion systens. Even
t hough these vehicles are not yet sales significant (conprising
just a few tenths of a percent of the market), their technol ogy
may be quite significant. How the MPG of these vehicles differs
from other vehicles can be used to determ ne the significance of
t he new technol ogy they represent.

Table 9

Characteristics of MY2003 Cars with Relatively Hi gh Fuel Econony

Manuf act ur er Honda Honda Toyot a Honda Honda VW
Model Nane I nsight Insight Prius Gvic Gvic Jetta  Average
Hybrid Hybrid Hybrid Hybrid Hybrid Di esel
EPA Two Two Conpact Conpact Conpact Smal | Smal |
Size O ass Seater Seater Car Car Car Wagon Car
Interior Vol 50.0 50.0 100. 4 101.5 101.5 122.5 100.0
Inertia W. 2000 2250 3000 3000 3000 3500 3152
Drive Fr ont Fr ont Fr ont Fr ont Fr ont Fr ont
Transm ssi on Vb CcvT CvT CvT Vb Vb
Engi ne aD 61 61 91 82 82 116 142
HP 67 65 70 85 85 90 157
Cylinders 3 3 4 4 4 4
Val ves/ Cyl i nder 4 4 4 4 4 2
Adj ust ed Gty 60. 6 56.5 51.6 48. 4 45. 8 42.0 23.6
Fuel Hwy 68.0 55.7 45. 2 47. 4 50. 6 49.9 31.3
Econony 55/ 45 63. 8 56.1 48.5 48.0 47.9 45. 2 26.6
Lab Gty 67. 4 62. 8 57.3 53. 8 50.9 46. 7 26. 2
Fuel Hwy 87.2 71. 4 57.9 60. 8 64.9 64.0 40. 1
Econony 55/ 45 75.1 66. 4 57.6 56. 7 56. 4 53.2 31.1
Ton- MPG Gty 67. 4 70.7 86.0 80. 7 76. 4 81.7 41. 3
(Lab) Hwy 87.2 80. 3 86.9 91.2 97. 4 112.0 63. 2
55/ 45 75.1 74.7 86. 4 85.1 84.6 93.0 49.0
Cu. Ft.- Gty 3, 369 3,140 5, 751 5, 462 5, 168 5,722 2,622
MPG Hwy 4,361 3,570 5, 811 6,173 6, 589 7,842 4,013
(Lab) 55/ 45 3, 753 3,320 5,777 5,761 5,723 6, 515 3, 107
Cu. Ft.- Gty 3, 369 3, 533 8, 626 8, 193 7,752 10,014 4,133
Ton- MPG Hwy 4,361 4,016 8,716 9, 259 9,884 13,723 6, 324
(Lab) 55/ 45 3, 753 3,735 8, 666 8,641 8,585 11,401 4, 896
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In Table 9, the three hybrids are conpared to a D esel and
the average of all small cars. Wen | ooked at on the basis of
adjusted MPG the vehicles are ranked fromhigh to lowin the sane
way as shown in the Table, the Insight first, the Jetta last. |If
ton-MPG is the conparison, the D esel goes fromlast on the I|ist
to first.

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
wei ght or class. Figure 28 is a histogramof data for vehicles in
the 3000-1b weight class. Unadjusted MPGis used here to provide
anot her way to conpare MPG and also as a rem nder that hybrid
t echnol ogy was not bei ng used when the MPG adj ustnment factors were
determ ned. Hybrids and Diesels stand out.

The sanme conparison is nade in Figure 29 but with vehicles in
t he conpact car class. The sane relationship prevails for the MPG
di stribution. Wen the fuel econony of vehicles in the small car
class is conpared in Figure 30, simlar results are obtained.
Figure 31 shows the sanme small car class, but with ton-MPG as the
basi s of conpari son.

Distribution of Unadjusted 55/45 Distribution of Unadjusted 55/45 MPG
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Distribution of Unadjusted 55/45 MPG
MY2003 Small Cars
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V. Trends by Vehicle Type and Size d ass

Figure 1 and Table 1 show that trucks are expected to
account for 48 percent of l|ight-duty vehicles produced during
nodel year 2003. In the next series of figures and tables, cars
and |ight 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 Wagon
cl asses. Appendi xes E and F contains a series of tables
describing light-duty vehicles at the vehicle size/type |evel of
stratification in nore detail.

Tabl e 10 conpares sales fractions by vehicle type and size
for nodel years 1975, 1988, and 2003. Since 1975, the |argest
increases In sales fraction on this basis have been for mdsize
and | arge SUvVs. These two classes are expected to account for
over 21 percent of the vehicles built this year, conpared to a
conbi ned total of about 1.3 and 4.5 percent in 1975 and 1988,
respectively. Conversely, the |largest sales fraction decrease
has occurred for small cars which accounted for 40 percent of al
[ight-duty vehicles produced in 1975 and nearly 44 percent in
1988.

While the small car sales fraction has consistently remined
the largest of the 15 vehicle sizes and types, it has since
decreased to about 25 percent. An overall decrease has occurred
for large cars which accounted for about 15 percent of total
[ight-duty sales in 1975 when they ranked third. Between then
and 1988, their sales fraction dropped alnost in half.

Consi dering the five classes: cars, wagons, SWs, vans, and
pi ckups, since 1975 the biggest increase in market share has been
for SUVs, up fromless than two percent to 23 percent this year,
and t he biggest decrease for cars, down fromover 70 percent to
| ess than 50 percent.

Tabl e 11 shows the average, |owest, and hi ghest adjusted MPG
performance in the five classes for the three selected years.
| mprovenents in nearly every class are seen from 1975 to 1988.
For 2003, the MPG performance is such that the |arge vehicles in
sone categories have better fuel econony than the correspondi ng
entry for small vehicles in 1975.
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Tabl e 10

Sal es Fractions of MY1975, My1988, and My2003
Li ght-Duty Vehicles by Vehicle Size and Type

Differences in Sales Fraction

Vehi cl e Sal es Fraction From 1975 From 1975 From 1988
Type Si ze 1975 1988 2003 To 2003 To 1988 To 2003
Car Snmal | 40.0% 43.8% 24.7% -15. 3% 3.8% -19. 1%
M dsi ze 16.0% 13.8% 15.6% -0. 4% -2.2% 1.8%
Lar ge 15. 2% 8.5% 8.1% -7.1% -6. 7% -0.4%
Al | 71.2% 66.1% 48.4% -22.8% -5.1% -17. 7%
Wagon Snal | 4. 7% 1.7% 2.5% -2.2% -3.0% 0. 8%
M dsi ze 2.8% 1.9% 1.5% -1.3% -0.9% -0. 4%
Large 1.9% 0.5% 0. 0% -1.9% -1. 4% -0.5%
Al | 9.4% 4. 1% 4. 0% -5. 4% -5.3% -0.1%
Van Snmal | 0. 0% 0. 4% 0. 0% 0. 0% 0. 4% -0. 4%
M dsi ze 3. 0% 6.2% 7.3% 4. 3% 3. 2% 1.1%
Lar ge 1.5% 0. 9% 0. 8% -0. 7% -0.6% -0.1%
Al | 4. 5% 7.5% 8.1% 3.6% 3. 0% 0. 6%
SWw Snal | 0.5% 1.9% 1.7% 1.2% 1.4% -0.2%
M dsi ze 1.2% 4.0% 12.8% 11. 6% 2.8% 8. 8%
Lar ge 0.1% 0.5% 8. 9% 8. 8% 0. 4% 8. 4%
Al | 1.8% 6.4% 23.4% 21. 6% 4. 6% 17. 0%
Pi ckup Snmal | 1.6% 2.2% 1.3% -0.3% 0. 6% -0.9%
M dsi ze 0.5% 6. 9% 2.8% 2.3% 6.4% -4. 1%
Lar ge 11. 0% 7.0% 11. 9% 0. 9% -4, 0% 4. 9%
Al | 13.1% 16.1% 16. 0% 2.9% 3. 0% -0.1%
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Vehi cl e
Type

Car

Wagon

Van

SWv

Pi ckup

All

All

All

Lowest,

Si ze

Smal |
M dsi ze
Lar ge

All

Smal |
M dsi ze
Lar ge

Al |
Snmal |

M dsi ze
Lar ge
Al |
Snal |

M dsi ze
Lar ge
Al |
Snmal |

M dsi ze
Lar ge
Al |
Cars

Tr ucks

Vehi cl es

Aver age, and Hi ghest
by Vehicle Type
1975
Low Avg. Hi gh Low
8.6 15.6 28.3 7.5
8.6 11.6 18.4 10. 6
8.4 11.2 14.6 10.1
8.4 13.4 28.3 7.5
11.8 19.1 24.1 17.3
8.4 11.3 25.0 17.7
8.4 10.2 12.8 19. 4
8.4 13.8 25.0 17.3
16.2 17.5 18.5 15.7
8.2 11.3 18.4 11. 4
8.9 10.7 14.5 10.0
8.2 11.1 18.5 10.0
10.2 13.7 16.3 15. 8
8.2 10.2 18.4 10. 3
7.9 10.3 13.7 12.3
7.9 11.0 18.4 10. 3
13.0 19.2 20.8 13.5
17.8 17.9 18.0 15.5
7.6 11.1 18.5 9.9
7.6 11.9 20.8 9.9
8.4 13.5 28.3 7.5
7.6 11.6 20.8 9.9
7.6 13.1 28.3 7.5

Tabl e 11
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Adj ust ed Fuel

and Size
1988

Avg. Hi gh
26.0 55.6
22.8 28.0
20.7 26.3
24.5 55.6
26.6 33.7
22.4 28.0
19.5 19.6
23.5 33.7
20.8 25.3
18.6 23.7
14. 4 17.0
18.0 25.3
20.6 28.2
16.6 23.9
14.2 19.0
17.4 28.2
21.2  24.9
21.5 26.2
15. 4 21.2
18.3 26.2
24.4 55.6
18.1 28.2
22.1 55.6

Econony
2003

Low Avg.
10. 4 26.6
11.8 23.8
11.8 22.1
10. 4 24.8
18.5 25.0
16.9 23.9
*kk k% *kk k%
16.9 24.6
*kk k% *kk k%
15.0 20. 3
13.8 15. 4
13.8 19.6
17. 4 21.6
13. 4 19.0
13.1 15.8
13.1 17.8
17. 4 20.1
14.5 18.7
13.1 16.1
13.1 16.8
10. 4 24.8
13.1 17.7
10. 4 20. 8
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Tabl e 12

Percent Change in Lowest, Average, and H ghest Adjusted Fuel Econony
by Vehicle Type and Size

Vehi cl e From 1975 to 2003 From 1975 to 1988 From 1988 to 2003
Type Si ze Low Avg. Hi gh Low Avg. High Low Avg. High
Car Smal | 21% 71% 125% -12% 67% 96% 39% 2% 15%
M dsi ze 37% 105% 58% 23% 97% 52% 11% 4% 4%
Lar ge 40% 97% 72% 20% 85% 80% 17% 7% -4%
All 24% 85% 125% -10% 83% 96% 39% 1% 15%
Wagon Smal | 57% 31% 88% 47% 39% 40% 7% -5% 34%
M dsi ze 101% 112% 22% 111% 98% 12% -4% 7% 9%
Lar ge FEXOQp  *KEXOp  *¥F*Op 131% 91% 53% KEXOQp  *KEXQp *KFX0p
All 101% 78% 81% 106% 70% 35% -1% 5% 34%
Van Smal | FEXOQp  *KEXQp  *¥FXOp -2% 19% 37% FEXOQp  KEXQp *KEXOp
M dsi ze 83% 80% 26% 39% 65% 29% 32% 9% -2%
Lar ge 55% 44% 20% 12% 35% 17% 38% 7% 2%
All 68% 7% 25% 22% 62% 37% 38% 9% -8%
SUV Smal | 71% 58% 67% 55% 50% 73% 10% 5% -3%
M dsi ze 63% 86% 37% 26% 63% 30% 30% 14% 6%
Lar ge 66% 53% 47% 56% 38% 39% 7% 11% 6%
All 66% 62% 48% 30% 58% 53% 27% 2% -3%
Pi ckup Smal | 34% 5% 16% 4% 10% 20% 29% -4% -2%
M dsi ze -18% 4% 44% -12% 20% 46% -5% -12% 0%
Lar ge 72% 45% 2% 30% 39% 15% 32% 5% -10%
All 72% 41% 25% 30% 54% 26% 32% -7% 0%
All Cars 24% 84% 125% -10% 81% 96% 39% 2% 15%
All Trucks 72% 53% 31% 30% 56% 36% 32% -1% -3%
All Vehi cl es 37% 59% 125% 0% 69% 96% 39% -5% 15%
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Sales Fraction by Vehicle Type
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Figure 32

In Table 12, the percentage changes obtainable fromthe
entries in Table 11 are presented. Average MPG for m dsize cars
and m dsi ze wagons have i nproved over 100 percent since 1975.
Overall, the across-the-board i nprovenents in MPG seen in Table
11 are reproduced here. As shown in Figure 32, the sales
fraction for SUVs has increased; the sales fractions for car and
wagons declined; that for pickups has remai ned nearly constant;
and vans may be showi ng a slight decline.

Fi gures 33 through 36 show trends in performance, weight,
and adj usted fuel econony for cars, vans, SUVs, and pickups. Al
show i ncreasi ng wei ght and increased performance over roughly the
| ast two decades. The fuel econony picture is m xed, vans
i ncreasing, cars and SUVs about constant, and pickups decreasing
during the sanme tinme period.

35



Fuel Economy and Performance
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Fuel Economy and Performance
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Fuel Economy and Performance
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Ton-MPG by Model Year
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Figure 37

Figure 37 shows the five classes conpared on a ton- MG
basis. In this neasure of efficiency, vans |ead, cars and wagons
are about the sane and better than SUVs which are |ike pickups.

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 38 through 41, the four classes of vehicles
are shown by weight class. Mddel years 1975 and 2003 are shown.
MPG has been inproved from 1975 to 2003 in each weight class for
every conpari son shown in Figures 38 through 41. The graphs al so
show the sanme trends with weight—that, as weight increases, MG
tends to decrease. Sone of the trends may | ook flat, because the
scales for all four graphs are the sane and are influenced by the
hi gh MPG of the 2000-1b and 2250-1b car weight classes for recent
nodel years.

Fi gures 42 through 45 provide an indication of the market
share of different weight vehicles wthin the different classes.
Trends within classes are shown which underlie the increasing
wei ght shown by the classes as a whol e.
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Fuel Economy vs Inertia Weight Class
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Fuel Economy vs Inertia Weight Class
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Sales Fraction by Inertia Weight Class

Sales Fraction by Inertia Weight Class
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V. Mar ket i ng G oups

In its century of evolution, the autonotive industry existed
first as small, individual conpanies that relatively quickly went
out of business or grewinto |arger corporations. In that
context, the historic term‘manufacturer’ usually neant a
corporation that was associated with a single country that
manuf act ured vehicles for sale in just that country and perhaps
exported vehicles to a few other countries, too. Since the first
report in this series was prepared, the nature of the autonotive
i ndustry has changed substantially, and it has evolved into one
i n which global consolidations and alliances anong heretofore
i ndependent manufacturers have beconme the norm rather than the
excepti on.

The reports in this series include analysis of fuel econony
trends in terns of the whole fleet of cars and |ight 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 “Donestic” 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 cars were apportioned to a “Domestic,” *European,” and
“Asian” category, with trucks classified as “Donestic” or
“Inmported.” As the autonotive industry has beconme nore

transnational in nature, this type of vehicle classification has
becone | ess useful.

In this report, trends by groups of manufacturers are now
used instead of the Donestic/lnported type grouping to reflect
the transnational and transregi onal nature of the autonobile
industry. To reflect the transition to an industry in which
there are only a small nunber of independent conpanies, the fleet
has been divided into segnents consisting of three nultiple
partner “marketing groups,” four groups with just a few partners,
and an eighth catch-all group (“Qthers”) that contains those
manuf acturers that have not been assigned to one of the seven
maj or mar keting groups. Taken together, the seven nmjor
mar ket i ng groups conprise 98 percent of the MY2003 new vehicle
mar ket in the U S
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The seven maj or marketing groups are:

1) The General Mdtors G oup includes GM and those conpani es
which GM owns or has a substantial affiliation with, i.e.
Qpel , Saab, |suzu, Fiat, Subaru, Suzuki, and Daewoo;

2) The Ford Motor Goup includes Ford, Jaguar, Volvo, Land
Rover, Aston Martin, and Mazda;

3) The Dai M erChrysler G oup includes Chrysler, Mrcedes
Benz, M tsubishi, Hyundai, and Ki a;

4) Toyota including Lexus;
5) Honda i ncl udi ng Acur a;
6) Nissan including Infiniti; and

7) VW G oup including Vol kswagen, Audi, SEAT, Skoda, and
Bent | ey.

It is expected that these marketing groups will continue to
expand as other consolidations in the autonotive industry occur.

Tabl e 13 conpares unadjusted | aboratory fuel econony val ues
for the marketing groups described above for nodel year 2003 with
the overall fleet average. The GV Ford, and DC G oups are al
above the fleet average in percent Truck and bel ow t he over al
fleet average in MPG and that the rest of the Goups: Toyota,
Honda, Ni ssan, and VWare below the fleet average in percent
Truck and are above the overall fleet average in MG

A nore detail ed conparison of nodel year 2003 unadj usted
(1 aboratory) fuel econony, by vehicle type and size is presented
in Table 14. The | eaders by manufacturer group and vehicle type
are: cars — Honda, wagons — Toyota, vans — Toyota, SUVs — Honda,
pi ckups — Nissan. A conpanion table to Table 14 using adj usted
MPG data is Table 15. Mre information stratified by marketing
group can be found in Appendi x M
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Tabl e 13

My2003 Unadj usted (Laboratory) 55/45 Fuel Econony
by Marketing G oup

<-- FUEL ECONOWY --> Per cent
G oup G oup Member Added Cars Trucks Bot h Truck
GV GV 29.0 19.8 23.3 52%
Above pl us Subaru 28.9 20.0 23.5 52%
Above plus Isuzu 28.9 20.1 23.5 53%
Above pl us Suzuki 28.9 20.1 23.5 53%
Above plus Saab 28.9 20.1 23.5 53%
Above pl us Daewoo 28.9 20.1 23.5 53%
Entire GV G oup 28.9 20.1 23.5 53%
Ford Ford 26. 8 20.1 22.3 59%
Above plus Mazda 27.1 20. 3 22.6 59%
Above plus Vol vo 27.1 20.3 22.6 58%
Above plus Jaguar 26.9 20.3 22.7 56%
Above plus Land Rover 26.9 20.2 22.6 57%
Above plus Ast. Mart. 26.9 20. 2 22.6 57%
Entire Ford G oup 26.9 20.2 22.6 57%
DC Chrysl er 27.7 21.1 22.8 68%
Above plus M tsubishi 27.8 21.2 23.3 62%
Above plus Mercedes 27.2 21.1 23.3 58%
Above pl us Hyundai 27.9 21.3 24.1 52%
Above plus Kia 28. 2 21.2 24.2 51%
Entire DC G oup 28. 2 21.2 24.2 51%
Toyot a Toyot a 32.1 21.8 27.1 39%
Honda Honda 32.6 24.5 29. 4 33%
Ni ssan Ni ssan 27.8 21. 4 25.0 38%
VW VW 29. 4 20.6 29.2 1%
O hers 25.9 20.1 24. 7 17%
Al l Fl eet Average 29.0 20.8 24.4 48%
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VEHI CLE TYPE/ SI ZE

Cars
Cars
Cars
Cars
Wagons
WAgons
Wagons
Wagons
| Cars
| Cars
| Cars
| Cars

SUVs
SUVs
SUVs
SUVs
Pi ckups
Pi ckups
Pi ckups
Pi ckups
Trucks

Al

MY2003 Unadj usted Laboratory 55/45 Fuel
by Marketing Goup and Vehicle Sizel Type

Smal |
M dsi ze
Lar ge

Al

Smal |
M dsi ze
Lar ge

Al

Smal |
M dsi ze
Lar ge

Al

Smal |
M dsi ze
Lar ge

All
Smal |

M dsi ze
Lar ge
All
Smal |

M dsi ze
Lar ge
All

All

Al

GM

31
27
26
28.

33.
28.

30.

31
27
26

28.

23.
17

21
26
22
18.
20.
26
22.
18.
19.
20.

23.

W ~NOBR ®w ko © A~ANO w owo o ~OD

a B W o0o0kM

Ford

29.
25.
24.
26
28.
27
0.
27.
29.
25.
24.

26

23.
18.

22

21
17

19.

22
19.

20.
20.
22

o N O w ~NEFk O © ~NonN o [@Ne LN o ~NE N

()] N [l N wo

DC
29.
26
27
28.
25.
25.

0.
25.
29.
26.
27.

28.

24.
17

24.
21
22
19.

21

18.
18.

18.
21
24.
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Tabl e 14

Toyot a

36
29.
27

31

35.

36
29.
27

32

29.
22
17

22

22
18.
20.
21
27
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35.
0
0
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Honda

37
29.
0.

32.

37
29.

32.

24.
29.

o ooco
o [elele]
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o ococo
I (6] o [elele]

o oo, o oo,
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Ni ssan
27
27
23.

27

27
27
23.
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20.
20.

20.

26
20.
22.
21
25.

o ococo
o [eleole]

o ococo
o [eleole]

o OoOwvwwo o OoOwvwwo

g ooo

O A 00 O©COW

Econony
VW O hers
30.1 26.1
27.4 0.0
22.7 24.4
29.4 25.9
30.2 25.8
26.8 0.0
0.0 0.0
28.1 25.8
30.1 26.1
27.3 0.0
22.7 24.4
29.3 25.9
0.0 0.0
21.1 0.0
20.0 0.0
20.6 0.0
0.0 0.0
0.0 0.0
0.0 20.1
0.0 20.1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
20.6 20.1
29.2 24.7

All
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27.
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29.

29.
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18.

23.
25.
22.
18.
20.
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20.

24.

o B~NO O oo o OOoObh O R

0w wh

A 00O N ©ON



Tabl e 15

My2003 | n-use Adjusted 55/45 Fuel Econony
by Marketing G oup

VEHI CLE TYPE/ SI ZE GM Ford DC Toyot a Honda Ni ssan VW
Cars Smal | 26.9 25.0 25.5 30.8 32.0 23.8 25.7
Cars M dsi ze 23.1 21.5 22.8 25.0 25.6 23.8 23.4
Cars Lar ge 22.7 21.1 23.1 23.5 0.0 19.7 19.4
Cars All 24.6 22.9 24.4 27.2 27.9 23.7 25.2
Wagons Smal | 28.8 24.5 22.0 29.9 0.0 0.0 25.8
Wagons M dsi ze 24.1 23.7 22.1 0.0 0.0 0.0 22.9
Wagons Lar ge 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wagons All 25.8 23.8 22.0 29.9 0.0 0.0 24.1
Al Cars Snall 27.0 25.0 24.8 30.7 32.0 23.8 25.7
Al Cars Mdsize 23.3 22.1 22.8 25.0 25.6 23.8 23.3
Al Cars Large 22.7 21.1 23.1 23.5 0.0 19.7 19.4
Al Cars Al 24.8 23.0 24.1 27.4 27.9 23.7 25.1
Vans Smal | 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vans M dsi ze 19.8 19.8 20.7 21.1 20.6 0.0 18.0
Vans Lar ge 15.2 16.0 14.9 0.0 0.0 0.0 17.1
Vans All 18.6 19.0 20.5 21.1 20.6 0.0 17.5
SUVs Smal | 22.2 0.0 17.9 25.0 0.0 0.0 0.0
SUVs M dsi ze 19.3 18.1 19.0 19.2 21.0 17.5 0.0
SUVs Lar ge 16.0 15.2 16.5 15.1 0.0 17.1 0.0
SUVs All 17.3 16.9 18.2 18.8 21.0 17.5 0.0
Pi ckups Snal | 22.5 0.0 0.0 19.3 0.0 22.4 0.0
Pi ckups M dsi ze 18.8 19.0 15.5 0.0 0.0 0.0 0.0
Pi ckups Large 15.9 16. 4 16.0 16.1 0.0 17.8 0.0
Pi ckups Al'l 16. 4 17.1 15.9 17.8 0.0 19.4 0.0
Trucks All 17.2 17.2 18.1 18.6 20.9 18.3 17.5
All All 20.1 19.3 20.6 23.1 25.1 21.3 25.0

44

Q hers
22
20
22

22

22
20
22

17

17
21.

N
eon
B oor

Noo © ©oo9o
o ooo

N NOO

© oo
B N O ooo

N ©Oow

N ©Oow

All
26
23
22
24

25
23

24

26
23
22

24

20
15

19
21.
19
15
17
20
18.
16.
16.
17.

20.

o h~WO 0w RO o O0Owo 0w RO

®w oo,

© N ® RkNER



VI . Fuel Econony | nprovenent Potential Wthin the Current Fl eet

This chapter is limted to a discussion of sone of the

techni cal and engi neering factors that affect fuel econony. It
does not attenpt to evaluate either the benefits or the costs of
achi eving various fuel econony levels. 1In addition, the analysis

presented in this report also does not attenpt to evaluate the
mar ket abi ity or the public acceptance of any of the hypothetica
fleets that result fromthe scenarios studi ed and di scussed

bel ow.

As stated earlier in this report, the fuel econony of the
conbi ned car and light-truck fleet has decreased about siXx
percent from a peak value of 22.1 MPG achi eved in 1987 and 1988
with much of this decline attributable to the increased market
share of light trucks. Considered separately, average fue
econony for cars and trucks has remained rel atively constant for
years, yet the interest in inproving autonotive fuel econony is
I ncreasli ng.

There are several different ways to | ook at the potenti al
for inproved fuel econony fromthe light-vehicle fleet. Many of
t hese approaches utilize projections of nore fuel efficient
technologies that are not in the fleet today. As an exanple, a
fleet made up of a large fraction of fuel cell vehicles could be
considered. Such projections can be associated with a good dea
of uncertainty, since uncertainty in the projections of market
share conpound with uncertainties about the MPG performance of
yet uncommerci ali zed technol ogy. These uncertainties can be
t hought of as a conbination of technical risk, i.e., can the
t echnol ogy be devel oped and mass produced?, and market ri sk,
i.e., wll people buy vehicles with the inproved MPG?

One general approach used in this report is to consider only
the MPG perfornmance of those technol ogi es which exist in today’s
fleet. This elimnates uncertainty about the feasibility and
production readi ness of the technol ogy and reduces or elimnates
the technical risk but does not treat market risk as nentioned
above. Therefore, the analysis can be thought of as the MPG
potential nowin the fleet, wth no new technol ogi es added, if
t he hi gher MPG choi ces avail able were to be sel ected.

Figures 2 and 3 in this report showed, particularly for
cars, that there was a wi de distribution of fuel econony.
Because of the interest in the high end of this spectrum this
portion of the database was exam ned in nore detail using a “best
In class” (BIC) technique. The BIC analysis in not new, in fact
it was one of the nethods used to investigate future fleet MPG
capability when the original fuel econony standards were set.
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Simlarly, in any group or class of vehicles there will be a
di stribution of MPG performance, and the “best in class” nethod
relies on that fact. The analysis involves dividing the fleet of
vehicles into classes, selecting a set of representative high MG
“role nodel” vehicles fromeach class, and then cal cul ating the
average characteristics of the resultant fleet using the sane
relative sales proportions as in the baseline fleet.

One potential problemw th a BIC analysis is that the high
MPG cars used in the analysis may be unusual in sone way — SO
unusual that the hypothetical fleet made up of them may be
deficient in sonme other attributes considered desirable by vehicle
buyers. Because the BIC analysis is also sensitive to the
sel ection of the best vehicles, three different procedures were
used to select the role nodels.

Two of these selection 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 described
previously in this report. Note that this classification system
I ncl udes nine car and nine truck classes and, for this nodel year,
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 vehicle testing and certification process.

The advant age of using and anal yzing data fromthe best in
size class nethods is that, if the sales proportions of each class
are held constant, the sales distribution of the resultant fl eet
by vehicle type and size does not change. This nmeans that the
sl ze of the average vehicle does not change a lot. 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 weight class are held constant, the sales distribution of
the resultant fleet by weight does not change, and in this case
t he average wei ght remains the sane.

One way of performng a best-in-class (BIC) analysis is to
use as role nodels the four nanmeplates with the hi ghest fuel
econony in each size class. (See Tables N1 and N-2 in Appendi x
N.) Under this procedure, all vehicles in a class with the sane
namepl ate are included as role nodels regardl ess of vehicle
configuration. Each role nodel naneplate from each class was
assigned the sanme sales weighting factor, but the original sales
wei ghting 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
recal cul ate the fl eet average values using the sane relative
proportions in each of the size classes that constitute the fleet.
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In cases where two identical vehicles differ by only one
characteristic but have slightly different naneplates (such as the
t wo- wheel drive Chevrolet CL500 and the four-wheel drive K1500
pi ckups), both are considered to have the sane nanepl at e.
Conversely, in the cases where there are technically identica
vehicles with different naneplates (e.g., the Buick LeSabre and
Pontiac Bonneville sedans), only one representative vehicle
nanmepl ate was used in the BIC anal ysis.

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 N-3 and N-4 in Appendix N give listings of the
representative vehicles used in this nethod. As with the previous
procedure, in cases where technically identical vehicle
configurations have di fferent naneplates, 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 values were used to re-calculate the
fl eet val ues again using the sanme 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 N5 and N-6 in Appendix N for a listing of
the vehicles used in this analysis.) It should be noted that sone
of the weight classes have | ess than a dozen representative
vehicles. 1In addition, as in the previous two best-in-class
nmet hods, where technically identical vehicle configurations with
di fferent nanmepl ates are used, only one representative vehicle was
included. As with the two best-in-size class nethods, the sales
data for each role nodel vehicle in each class was assigned the
sane value, and the resulting values were used to recal cul ate the
fl eet val ues again using the sanme relative proportions in each of
the size classes that constitute the fleet.

Tables 16 to 18 conpare, for cars, trucks, and both cars and
trucks, respectively, the results of the best-in-class analysis
wi th actual average data for nodel year 2003. As discussed
earlier, for the size class scenarios, the percentage of vehicles
that are small, mdsize, or large are the sane as for the baseline
fleet, and in the weight class scenarios, the average wei ght of
the BIC data sets is the sanme as the actual one. Despite the fact
that 75 percent of the cars in the BIC weight class data set are
classified as “small,” conpared to 52 percent in the entire fleet,
average interior volunme for cars in the Bl C weight class analysis
is about the sanme as the overall average (109 vs. 110 cu. ft.).
The smal|l differences in interior volume between the size class
scenarios and the actual vehicle fleet can be attributed to the
fact that, within a size class, there is considerable variation in
interior volume (i.e., not all vehicles in each size class have
the sanme interior volune).

a7



Under all of the best-in-class (BIC) scenarios, the vehicles
used for the BIC anal ysis have | ess powerful engines, have sl ower
0-to0-60 acceleration tines, and are nore likely to be equi pped
wi th manual transm ssions than the entire fleet as a whole. The
BIC fleets al so make nore use of hybrids and CVTs. 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
?Fts al so nake | ess use of four-wheel drive than the actual

eet .

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 the BIC size set are
lighter than their counterparts fromthe other scenari os.
Dependi ng on the scenario chosen, for nodel year 2003, cars could
have achi eved from 14- to 19-percent better fuel econony than
they did. Simlarly, trucks could have achieved from9- to 13-
percent better fuel econony, and the conbined car and truck fl eet
coul d have been 11- to 16-percent better.

The best-in-class anal yses can be thought of as the MPG
potential nowin the fleet with no new technol ogi es added, if the
hi gher MPG choi ces avail abl e were sel ected. As such, the best-

i n-cl ass anal yses provide a useful reference point indicating the
variation in fuel econony |levels that result in |large part from
consuner preferences as opposed to technol ogical availability.

For exanple, the results show that nodels with nmanua

transm ssions generally achieve slightly higher fuel econony than
conpar abl e automati c transm ssi on-equi pped nodels. U S.
consuners, however, have an overwhel m ng preference for automatic
transm ssions, and no one woul d expect that trend to change in
the future.
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Best

Vehi cl e
Characteristic

Fuel Econony

Vehicle Size

Engi ne

Per f or mance
TOP

Drivetrain

Transni ssi on

Fuel Metering

Hybrid Vehicle

Tabl e 16

in C ass Results:

Sel ection
Basi s

Sel ection
Criteria

Lab. 55/ 45
Adj ust ed

Adj ust ed
Adj ust ed

Gty
H ghway
55/ 45

Wi ght
Vol ume

(Lb.)
(Cu. Ft.)

Smal
M d- si ze
Lar ge

aD
HP

HP/ CI D
HP/ T

0 - 60 Ti me (sec)
Top Speed (nph)

Ton- MPG

Cu-Ft. MPG

Cu-Ft. Ton- MPG

Fr ont
Four Wheel

Manua
Lockup
CVvT
Port

Di ese

Four Val ve Usage

49

Model

Act ua
Dat a

Al l
Cars

29.0

21.8
29.7
24.8

3411
109.9

51. 9%
32. 7%
15. 4%

165
175
1. 083
. 0508

10.1
131

42. 6
2775
4688

82.4%
3.6%

14. 7%
84. 7%
. 6%

99. 6%
. 4%

70. 4%
. 5%

Year 2003 Cars

Si ze Si ze
d ass d ass
Best 4 Best 12
Nanepl at es Vehi cl es
33.1 34.6
25.4 26.5
32.7 34. 4
28.2 29.6
3205 3218
108. 1 108. 3
51. 9% 51. 9%
32. 7% 32. 7%
15. 4% 15. 4%
135 132
148 144
1. 097 1.102
. 0457 . 0443
11.2 11. 4
124 122
46.9 49. 3
3177 3344
5041 5313
97. 0% 95. 4%
1.3% 1.5%
15. 3% 51. 8%
74. 2% 41. 6%
10. 5% 6. 6%
98. 5% 91. 8%
1.5% 8. 2%
80. 3% 72. 0%
10. 7% 9. 8%

Wi ght
d ass

Best

12

Vehi cl es

34.
26.

6
5

34. 4

29.

6

3411

109.

74.
24.
1.

3

5%
1%
4%

126
142
1.123
. 0412

12.

1

119

52.

3

3390
5711

90.
7

54.
37.
7

81.
18.

53.
6

4%
2%
7%
6%
7%

9%
1%

8%
1%



Best

Vehi cl e
Characteristic

Fuel

Econony

Vehicle Size

Engi ne

Per f or mance

Drivetrain

Transni ssi on

Fuel

Met eri ng

Tabl e 17

in C ass Results:

Sel ection
Basi s

Sel ection
Criteria

Lab. 55/ 45

Adjusted City
Adj usted Hi ghway
Adj usted 55/45

Vi ght (Lb.)

Van
SW
Pi ckup

aD
HP

HP/ CI D
HP/ T

0 - 60 Ti me (sec)

Top Speed (nph)
Ton- VPG

Fr ont
Four Wheel

Manua
Lockup
CVT
Port
Di ese

Four Val ve Usage

Hybrid Vehicle

Model

Year 2003 Trucks

Act ua

Dat a
Al l

Trucks

50

20.8

15.9
20.5
17.7

4595

17. 0%
49. 3%

33.

7%

245
220
. 919
. 0478

10.

4

133

40.

18.
49.

5.
93.
. 6%

8

1%
1%

9%
3%

100%

33.

0%
7%
0%

Si ze
d ass

Best 4
Nanepl at es

22.6
17.5
22.1
19.3
4186
17. 0%
49. 3%
33. 7%
197
193
1. 003
. 0459

10. 7
129

40. 6

30. 0%
46. 5%

8. 2%
89. 1%
2.6%

100%
0%

54. 2%
0%

Si ze
d ass

Best 12
Vehi cl es

23.5
18. 2
22.8
20.0
4059
17. 0%
49. 3%
33. 7%
187
179
. 977
. 0440

11.1
126

40. 8

35. 3%
26. 3%

30. 0%
65. 1%
. 9%

100%
0%

58. 9%
0%

Wi ght
d ass

Best 12
Vehi cl es

22.6

17.3
22.4
19.3

4595

29. 5%
48. 8%

21.

7%

213
205
. 982
. 0444

11.

0

129

44.

32.
33.

20.
78.
2

2

1%
3%

5%
5%
6%

100%

45.

0%
4%
0%



Tabl e 18
Best in Cass Results: Mddel Year 2003 Both Cars and Trucks

Vehi cl e Sel ection Act ual Size Size Wi ght
Characteristic Basi s Dat a d ass d ass d ass
Sel ection Al l Best 4 Best 12 Best 12
Criteria Vehi cl es Namepl ates Vehicles Vehicles
Fuel Econony Lab. 55/ 45 24. 4 27.1 28.3 27.6
Adjusted Gty 18.6 20.9 21.8 21.1
Ad] ust ed Hi ghway 24.5 26. 6 27.7 27.5
Adj ust ed 55/45 20.8 23.1 24.1 23.6
Vehicl e Size Wi ght (Lb.) 3974 3671 3618 3974
Engi ne aD 203 165 158 168
HP 197 170 161 172
HP/ CI D 1. 005 1.052 1.043 1. 056
HP/ WI . 0494 . 0458 . 0442 . 0427
Per f or mance 0 - 60 Ti me (sec) 10. 2 11 11.3 11.6
Top Speed( nph) 132 126 124 124
Ton- VPG 41.7 43.9 45.3 48. 4
Drivetrain Front 51. 8% 65. 1% 66. 8% 62. 7%
Four Wheel 25. 2% 22.8% 13.3% 19. 6%
Transm ssi on Manual 10. 5% 11. 9% 41. 4% 38. 4%
Lockup 88. 8% 81. 3% 52. 8% 57. 1%
CvT . 6% 5.3% 7.6% 3. 9%
Fuel Metering Por t 99. 8% 99. 2% 95. 7% 90. 5%
Di esel . 2% . 8% 4. 3% 9.5%
Four Val ve Usage 52. 9% 67. 9% 65. 8% 49. 8%
Hybrid Vehicle . 3% 5.6% 5.1% 3. 2%
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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 nethodol ogy. There has
been sone discussion of the practicality of such a fleet of
vehicles, especially for the U S. market where automatic
transm ssi ons dom nat e.

Anot her general approach for determ ning potential fuel
econony inprovenent is to study the rel ationshi ps between vehicle
t echnol ogy i nprovenents, vehicle acceleration tinmes, vehicle
size, and vehicle weight.

The MPG perfornmance interdependence was quantified by neans
of a regression analysis perforned on the EPA dat abases as
described in reference 20. This yielded sensitivity coefficients
on the order of 0.4, i.e., a 10-percent increase in 0-to0-60 tine
corresponds to a four-percent increase in fuel econony. Using
these sensitivities, average MPG data at one 0-to-60 |evel can be
adjusted to what it would have been 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 sanme wei ght or
size distribution as in a given base year. For conparison
pur poses, two base years were anal yzed: 1981 and 1988.

Tabl e 19 conpares fuel econony, inertia weight, and 0-to-60
time for this year’s vehicles with the two baseline years and
shows that this year’s cars get 3.9 MPG hi gher fuel econony than
their counterparts from 1981 and about the sane fuel econony as
those built in 1988. This year’s cars, noreover, are
significantly heavier and have faster 0-to-60 acceleration tine
than those in both baseline years. Simlarly, this year’s trucks
get about the sanme fuel econony as the baseline years and are
al so heavier and have faster 0-to-60 tines.
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Tabl e 19

Unadj usted Fuel Econony, Inertia Wight, and 0-to-60 Tine
For Three Mbdel Years

Vehi cl e Model 55/ 45 Inertia 0 to 60
Type Year MPG Wi ght Ti me
Cars 1981 25.1 3076 14. 4
1988 28.6 3047 12.8
2003 29.0 3410 10.1
Trucks 1981 20.1 3806 14. 6
1988 21.2 3841 12.9
2003 20.8 4595 10. 4
Bot h 1981 24. 1 3201 14. 4
Cars and 1988 25.9 3283 12.8
Trucks 2003 24. 4 3974 10. 2

Fi gures 46 through 49 provide esti mtes of what the MPG of
the car and truck fleet woul d have been each nodel year if:

(1) the weight mx had been kept the same as in each of the
two base years,

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

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

A simlar conparison on the basis of vehicle size and type
is presented in Figures 50 through 53.
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A sunmary of the different cases is presented in Table 20.
Consi dering the seven different ways in which fuel econony
i nprovenents for the fleet can be estimted, based on the
characteristics of the existing fleet, the range of inprovenents
for the fleet is from1l to 33 percent. The average is 17
percent. Different nethods and different base years could, of
course, yield different results, and, as discussed earlier, the
hypot hetical fleets that have higher fuel econony tend to be
different fromtoday s fleet because, while they have higher fue
econony, they also are slower and |ighter.

Tabl e 20
Summary of Fuel Econony | nprovenent Potenti al

Unadj usted 55/45 MPG

Scenari o Cars Trucks Both
1 Model Year 2003 Actual Average 29.0 20.8 24. 4
2 1981 Wight Mx and 0 to 60 Tine 38.1 27.9 32.5
3 1988 Wight Mx and 0 to 60 Tine 35.7 25.9 30.3
4 1981 Size Mx and 0 to 60 Tine 32.5 23. 4 27. 4
5 1988 Size Mx and 0 to 60 Tine 31.9 23.2 27.1
6 Best 4 Naneplates in Size C ass 33.1 22.6 27.1
7 Best 12 Vehicles in Size O ass 34.6 23.5 28. 3
8 Best 12 Vehicles in Wight C ass 34.6 22.6 27.6

Percent | nprovenent over Mddel Year 2003 Actual Averages

2 1981 Wight Mx and 0 to 60 Tine 31.4% 34.1% 33.2%
3 1988 Wight Mx and 0 to 60 Tine 23.1% 24.5% 24.2%
4 1981 Size Mx and 0 to 60 Tine 12.1% 12.5% 12.4%
5 1988 Size Mx and 0 to 60 Tine 10.0% 11.5% 10.9%
6 Best 4 Naneplates in Size C ass 14.1% 8.7% 11.1%
7 Best 12 Vehicles in Size O ass 19.3% 13.0% 16.0%
8 Best 12 Vehicles in Wight d ass 19.3% 8.7% 13.1%

Average (all seven scenari os) 18.5% 16.1% 17.3%
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VII.

Concl usi ons

Li ght vehicle fuel econony for nodel year 2003 is estimated
to be 20.8 MPG on an adjusted MPG basis. This is 1.3 MG

| ess than the 22.1 (highest) MPG attai ned in nodel year 1988
and represents a six-percent decline fromthat peak. The
20.8 MPG value for the light-vehicle fleet represents a 59-
percent increase in MPG fromthat attained in nodel year
1975, the earliest (and | owest MPG nobdel year covered in
this report.

Li ght Truck Market Share at 48 percent of the |ight-vehicle
fleet represents a trend in market share that has continued
to increase for nore than 20 years and only now may even be
tending to |l evel out. Over the past 10 years, increases in
mar ket share of Sport Uility Vehicles have been the primry
reason for increases in the Light Truck market.

Conpared to 1981 as a benchmark year, this year’'s fleet is
24-percent heavier, 29-percent faster, 93-percent nore
powerful, and 1-percent better in MPG

Based only on the perfornmance of the higher MPG vehicles in
today’s fleet, inproved fleet MPG can be inferred.

Two new drivetrain technol ogi es, hybrid propul sion systens
and continuously variable transm ssions, are beginning to
appear in the fleet. Although the current narket
penetration for these technologies is less than 1 percent,
both show sone prom se as avenues toward increased fue
econony.
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