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COMMON CONVERSIONS

1 Quad = 84,997.9 Gigawatthours'
= 0.4724 million barrels per day of oil (mbpd), or
= 8 billion gallons of gasoline

1 Gigawatthour = 1.1765 x 10s Quads'
1 Mbpd = 2.117 Quads per year
1 Barrel = 42 gallons
1 Btu = 1055 Joules

1 Gallon of Gasoline = 125,000 Btu (gross) = 115,400 Btu (net)
1 Gallon of Methanol = 64,600 Btu (gross) = 56,560 Btu (net)
1 Gallon of Diesel = 138,700 Btu (gross) = 128,700 Btu (net)
1 Gallon of Gasoline = 6.2 pounds
1 U.S. Gallon = 0.8321 Imperial Gallons = 3.785 Liters
1 Liter = 61.026 Cubic inches

Inertia Weight = Curb Weight + 300 Pounds
I Mph = 1.609 Kph
1 Horsepower = 0.7457 Kilowatts
1 Mile = 1.609 Kilometers

'Electricity generation and distribution have been taken into account. Without electricity
generation and distribution, 1 gigawatthour = 0.3412 x 10's Quads, 1 Quad = 293,083.2
gigawatthours.
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FOREWORD

Even the birth of a baby boy did not slow Stacy Davis down in her pursuit

of producing this year's Transportation Ener_ Data Book. She and her team at

ORNL have made additions in this edition which make it more useful than ever.

To give the reader an appreciation of the scope of this document, consider

the following diverse data facts:

• ' The United States share of world automobile registrations and world

truck registrations is about 32 percent (Figure 1.1), down from much

higher values 40 years ago.

• Between 1980 and 1990, the real price of gasoline dropped in ali the

selected, developed countries, except for Canada (Figure 1.4).

• The average price of a new imported car did not equal the price of

a new domestic car until 1982. In 1991, the new import average

price was nearly $2000 more than that for the average domestic car

(Table 2.22).

• Gasoline and oil costs as a percent of total operating costs for

automobiles are only about 15 perceat (Table 2.23).

• The R. L. Polk estimate of the number of vehicles in use for a

calendar year is preferable to the Federal Highway Administration

estimate of registered vehicles for purposes of comparing to fuel use

or miles driven per vehicle (Table 3.4).
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• In 1970, 8.2 percent of the autos in use were over 10 years old. By

1991, this figure rose to 25.9 percent (Table 3.10).

• The percentage of conventional steel in the average weight of a new

auto dropped from 53.8 in 1978 to 44.0 in 1992 (Table 3.14).

• The percentage of trucks in operation that are in class 1 (under

6000 pounds gross vehicle weight) rose from 66.0 in 1977 to 85.4 in

1987 (Table 3.28).

• The miles of High-Occupancy Vehicle (HOV) lanes grew to 339 in

1990 (Table 3.52).

• Average vehicle occupancy dropped from 1.9 in 1977 to 1.6 in 1990

(Table 4.11).

• The average distance for commuting trips rose from 9.2 miles in

1977 to 10.6 miles in 1990 (Table 4.13).

• The gross and net heating values for transportation fuels are shown

in Table B.1.

I hope you find this data book to be useful. Let me know if you have

suggestions for data that should be added.

4o,
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ABSTRACt

The Transportation Ener_ Data Book: Edition 13 is a statistical compendium

prepared and published by Oak Ridge National Laboratory (ORNL) under

contract with the Office of Transportation Technologies in the Department of

Energy (DOE). Designed for use as a desk-top reference, the data book

represents an assembly and display of statistics and information that characterize

transportation activity, and presents data on other factors that influence

transportation energy use. The purpose of this document is to present relevant

statistical data in the form of tables and graphs. Each of the major transportation

modes - highway, air, water, rail, pipeline - is treated in separate chapters or

sections. Chapter 1 compares U.S. transportation data with data from seven other

countries. Aggregate energy use and energy supply data for ali modes are

presented in Chapter 2. The highway mode, which accounts for over three-fourths

of total transportation energy consumption, is dealt with in Chapter 3. Topics in

this chapter include automobiles, trucks, buses, fleet automobiles, federal

standards, fuel economies, and vehicle emission data. Household travel behavior

characteristics are displayed in Chapter 4. Chapter 5 contains information on

alternative fuels and alternatively-fueled vehicles. The last chapter, Chapter 6,

covers each of the nonhighway modes: air, Water, pipeline, and rail, respectively.
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INTRODUCTION

In January 1976, the Transportation Energy Conservation (TEC) Division

of the Energy Research and Development Administration contracted with Oak

Ridge National Laboratory (ORNL) to prepare a Transportation Ener_ Data

Conservation Data Book to be used by TEC staff in their evaluation of current

and proposed conservation strategies. The major purposes of the data book were

to draw together, under one cover, transportation data from diverse sources, to

resolve data conflicts and inconsistencies, and to produce a comprehensive

document. The first edition of the TEC Data Book was published in October

1976. With the passage of the Department of Energy (DOE) Organization Act,

the work being conducted by the former Transportation Energy Conservation

Division fell under the purview of the DOE's Office of Transportation Programs

(now the Office of Transportation Technologies). DOE, through the Office of

Transportation Technologies, has supported the compilation of Editions 3

through 13.

Policymakers and analysts need to be well-informed about activity in the

transportation sector. The organization and scope of the data book reflect the

need for different kinds of information. For this reason, Edition 13 updates much

of the same type of data that is found in previous editions.
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Chapter 1 contains information which compares U.S. transportation data

with data from seven selected countries in Asia, Europe, and North America. The

U.S. data in this chapter are presented for comparison with other international

data only and, therefore, should not match domestic data found in other chapters

of the book. Chapter 2, Transportation Energy Characteristics, presents aggregate

energy use data for each of the major transportation modes (i.e., highway, air,

water, pipeline, and rail), as well as related statistics on the price and supply of

transportation fuels. Chapter 3 covers detailed statistics on three major highway

modes: automobiles, trucks, and buses. Also contained in this chapter is

information on federal standards and fuel economies of highway vehicles, and

vehicle emission data. Household travel behavior characteristics are displayed in

Chapter 4. Chapter 5 presents data on alternative fuels and alternatively-fueled

vehicles. Chapter 6 consists of data for the nonhighway modes: air, water,

pipeline, and rail. Sources used represent the latest available data.

In any attempt to compile a comprehensive set of statistics on

transportation activity, numerous instances of inadequacies and inaccuracies in the

basic data are encountered. Where such problems occur, estimates are developed

by ORNL To minimize the misuse of these statistics, an appendix (Appendix A)

is included in this edition to document the estimation procedures. The attempt is

to provide sufficient information for the conscientious user to evaluate the

estimates and to form his or her own opiniong as to their utility. Clearly, the
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accuracy of the estimates cannot exceed the accuracy of the primary data, an

accuracy which in most instances is unknown. In cases where data accuracy is

known or substantial errors are strongly suspected in the data, the reader is

alerted. In all cases it should be recognized that the estimates are not precise.

The majorityof the statistics contained in the data book are taken directly

from published sources, although these data may be reformatted for presentation

by ORNL. Consequently, neither ORNL nor DOE can endorse the validity of

these data.

Edition 13 of the Transportation Ener_ Data Book includes over 200

pages of tables and figures. To facilitate use of this information, several aids in

format and presentation techniques are included. Statistical highlights from the

data book precede this introduction, and a synopsis of chapter contents is

provided at the beginning of each chapter. Some of the average rates of change

in the data book are calculated using 1982 as a base year. This is because an oil

embargo was affecting the economy in 1982, and the year was chosen as a year of

economic recession.

xxvii



CHAPTER 1

INTERNATIONAL TRANSPORTATION STATISTICS

This chapter includes statistics related to the transportation sector of eight selected

countries. Countries were included based on data availability, geographical distribution,

and transportation fuel use as a percentage of total refined petroleum consumption. The

statistics presented for the United States in this chapter are from international sources and

are only for use in international comparisons. The numbers may differ slightly from data

presented in other chapters of the book.

In 1950, 76% of the world's automobiles were registered in the United States; by 1990,

that percentage had dropped to 32.3% (Table 1.1). The U.S. had a lower annual growth

rate in automobile registrations from 1950 to 1990 than any of the other listed countries

except Sweden, for which data are not available for the years 1950 to 1970. The U.S. also

accounts for 32.7% of the world's truck and bus registrations. Japan has experienced the

largest growth in truck and bus registrations since 1950, 12.9% annually (Table 1.2).

The U.S. had the highest number of automobiles per capita in 1990 (0.574), with Italy

following second (0.478). Japan has had the lowest number of automobiles per capita of

any of the listed countries. However, Japan, whose truck and bus registration growth was

noted earlier, closely follows the U.S. in the number of trucks and buses per capita, 0.175

and 0.180, respectively (Table 1.3).

The data on gasoline prices indicate that Italy has had the highest gasoline prices since

1982, while the U.S. has had the lowest of the listed countries (Table 1.4). Italy's high

gasoline prices in 1990 were mainly due to the gasoline tax (Figure 1.4). In 1990 over

50% of the diesel price could be attributed to tax in four countries - Italy, France, the

United Kingdom, and West Germany (Figure 1.5).

1-1



1-2

Data from the Lawrence Berkeley Lat-oratory (LBL) are contained in Tables 1.6, 1.7

and 1.10-1.16. These data are generated by LBL using various country sources:

Japan - Japan Institute for Energy Economics and Ministry of Transport;

France - Agence Franca',_epour la Matrise d'Energie, now Agence d'Environment

et Matrise de L'Energie;

Italy - Data provided by Agip PetroU, 1990 (private communication) and ltalstat,

National Accounts of Transportation;

Swexien - Transport Raadet (Transportation Council), National Board of Industry,

Energy Board, and Ministry of Communications and Transport;

UK - Digest of Tra_port Statistics, Energy Technology Support Unit, D. Martin

(private communication);

Germany - _'ehker in Zahl_n" ('Transportation in Figuresi" published by the Ministry

of Transport) ccmpiled by Deutsches Institut fuer Wirtschaft, Berlin;

US - Data from various tables and editions of the Transportation Ener_ Data

Oak Ridge National Laboratory.

Detail_ on the methodology for compiling these data can be found in "Energy Efficiency

and Human Activity,"by Lee Schipper, Steve Myers, et. al., Cambridge University Press,

Cambridge, MA, 199'2,and the _Pr_ings of the ACEEE Conference on Automobiles

and the Greenhouse Effect."
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l Ill II l II

According to the best available data, new cars in France have the highest fuel economy of the listed
countries. Caution should be used, however, when comparing fuel economy data between count_
because each country may use different methods of calculating new car fuel economy. The data,
therefore, may not be directly comparable.

I I

Table 1_

New CrasofineCar Fuel Economy for 8¢Jeclzd Contrlm, 1973.89
(mi perpnon)

Year Japan France Italy Sweden Oermany United States

1973 22.7 ' ' ' 23.0 13.1
• • • •

1974 22.1 13.8
1975 21.3 27.7 • ' ' 15.4
1976 22.7 28.2 • ° ° 16.8
1977 25.1 28.5 17.8
1978 27.0 28.7 25.4 24.1 18.7

a

1979 27.4 29.1 25.7 24.6 18.8
1980 27.4 30.4 28.4 26.3 26.2 22.6
1981 29.1 31.9 28.8 27.2 • 24.2
1982 30.8 33.1 29.6 27.5 • 24.8
1983 30.3 33.7 31.9 27.5 29.2 24.7
1984 30.3 34.5 32.9 27.8 30.3 24.7
1985 29.3 35.1 32.9 27.8 31.1 25.1
1986 28.4 35.3 33.8 28.2 31.5 25.8
1987 27.9 35.7 .34.3 28.8 30.7 26.0
1988 27.4 36.1 34.3 28.5 29.9 25.9
1989 • 36.3 • 28.5 ' 25.6

Average annual percentage change
1973-89 1.3%b 2.0%c 2.4%d 1.1%' 1.8%f 4.3%
1982-89 -1.9%b 1.3% 2.5%d 0.5% 0.5%f 0.5%

Sources:

International Energy Studies, Energy Analysis Program, Lawrence Berkeley Laboratory, Berkeley,
CA, 1991. Data were compiled from country sources, such as oil companies, energy economics
institutes, and government ministries.

•Data are not available.

bAverage annual percentage changes are for years 1973-88 and 1982-88.
CAverageannual percentage change is for years 1975-89.
dAverageannual percentage changes are for years 1980-88 and 1982-88.
'Average annual percentage change is for years 1978-89.
fAverage annual percentage changes are for years 1973-88 and 1983-88.
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l l II l llll[ll

Because each country may use different methods of calculating fuel economies, caution should be
used when comparing fuel economy data between countries. The data for the United States were
generated specifically/'or international comparisons and should be used only for that purpose; they
are not consistent with other domestic fuel economy figures.

Illl III II

Table 1.7

FUelEconomy oftheGasolineAutomobilePopulationforSelectedCountries,19'RMI9
(milespca"Sauon)

United United
Year Japan France Italy Sweden GermanyKingdom States

1970 21.4 27.8 ' 22.9 23.5 23.1 13.3
1971 19.6 27.8 ' • 23.4 22.0 13.2
1972 21.4 27.8 • 22.4 22.0 21.5 13.2
1973 21.4 28.0 27.8 22.2 21.8 22.0 13.1
1974 21.4 27.6 ' • 21.8 22.1 13.1
1975 21.4 27.3 ' 22.3 22.6 22.0 13.3
1976 21.4 26.4 ' 22.1 22.7 21.9 13.3
1977 21.4 26.5 • ' 22.5 21.7 13.5
1978 19.6 26.1 ' 21.7 22.1 21.5 13.7
1979 19.6 26.4 27.9 • 21.6 21.8 14.0

1980 19.6 27.7 27.9 21.7 22.7 21.6 15.0
1981 19.6 28.1 28.1 21.8 23.6 21.7 15.4
1982 21.4 26.9 28.1 21.8 23.8 21.7 16.0
1983 21.4 26.8 28.4 21.9 23.8 21.7 16.4
1984 21.4 27.0 28.9 21.9 23.8 21.7 16.9
1985 21.4 27.0 29.1 22.1 24.2 21.7 17.2
1986 21.4 26.9 29.6 22.5 24.2 21.7 17.2
1987 21.4 27.0 30.0 23.0 24.5 21.9 17.6
1988 21.4 26.7 30.3 23.2 24.2 22.1 18.5

I

1989 27.0 30.7 23.2 25.5 22.5 19.0

Average annual percentage change
1970-89 0.0% b -0.2% 0.6%' 0.1% 0.4% -0.1% 1.9%
1982-89 0.0% b 0.1% 1.3% 0.9% 1.0% 0.5% 2.5%

Soura_:

International Energy Studies, Energy Analysis Program, Lawrence Berkeley Laboratory, Berkeley,
CA, 1991. Data were compiled from country sources, such as oil companies, energy economics
institutes, and government ministries.

'Data are not available.

bAverage annual percentage changes are for years 1970-88 and 1982-88.
'Average annual percentage change is for years 1973-89.
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Table1.8

Annual Miles Driven per Vehicle fm"_ _um_s, 19_-_

1984 1985 1986 1987 1988 1989 1990

Japan
Cars 6,486 6,503 6,519 6,274 6,124 6,074 "
Trucks 7,485 7,438 7,483 6,786 6,913 6,920
Buses 17,052 17,070 17,250 17,299 17,310 16,120

Eurol_:
France

Ca rs 7,643 7,768 8,078 8,451 8,389 8,451 8,451
Trucks 12,428 12,428 12,428 12,428 1.3,049 13,671 13,671
Buses 29,827 29,827 29,827 29,827 29,827 31,070 31,070

Italy
& •

Cars 6,152 6,152 6,152 6,214 6,338
Trucks 19,596 13,453 13,566 13,648 13,647

• Ii

Buses 31,960 32,822 34,616 35,636 36,787
Sweden

Cars 7,457 7,457 7,457 7,768 7,768 7,457 :
Trucks 27,342 27,963 27,963
Buses ' • • " '

United Kingdom
Cars 8,078 8,700 8,700 9,197 9,102 9,496 10,377
Trucks 30,449 30,449 31,691 35,5,:_ 29,963 13,752 35,349
Buses 28,584 26,720 27,963 22,',_92 16,947 19,529 23,439

West Germ_.ny
Cars 8,700 8,451 8,700 8,886 9,072 9,010 9,010
Trucks 17,337 17,710 18,083 18,145 18,207 18,642 19,139
B_ur.e.s 32,375 33,121 33,369 34,488 35,047 35,420 36,041

North A_'_eric_
Canada

Cars 10,119 10,092 10,267 10,715 • • •
Trucks
Buses • ' • " • • "

United States

Cars 9,785 9,558 9,606 9,882 10,117 10,380 10,556
Trucks 11,873 12,745 12,955 13,421 13,654 13,899 13,868
Buses 11,532 8,215 8,536 8,844 8,875 9,094 9,136

Somces:

International Road Foundation, World Road Statistics 1986-90, Washington, DC, 1991, pp. 76, 78,
80, 82, 86, and 88.

1990 U.S. data - U.S. Department of Transportation, Federal Highway Administration, H!_hwav
Statistics 1990, Washington, DC, 1991,Table VM-1, p. 192.

'Data are not available.
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Table 1.9

Inland Smfa_ Transport of Good= for _ Cmmtries, 1985

II

Road Water Rail
i

Japan 127,992 127,915 13,623

Europe:
France 69,608 5,221 33,561

Italy 89,576 125 11,718
Sweden 13,162 5,594 10,930

United Kingdom 63,455 25,917 9,509

West Germany 83,343 29,956 39,776
North America:

United States 609,691 382,223 894,960

Souir{_.-

International Road Foundation, World Road Statistics 1985-89,
Washington, DC, 1990, pp. 79, 81, 83, 87, and 89.

0
Japan France Italy Sweden U.K.w.oJrrnmy U.S.

So=o=T,bk:t.9. .,ounuy
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Tabic 1.10
Annual Ve.J_ _ _ by Personal Ve_b_

for Selected ComaUies, 1970-8_

United United

Year Japan France Italy Sweden Kingdom Germany States

1970 9,387 8,357 7,344 9,016 13,658 8,903 11,097

1972 7,941 8,358 6,187 9,084 13,988 8,519 11,527

1973 7,789 8,913 6,403 9,072 13,884 8,336 11,383

1975 6,687 8,148 6,115 8,867 13,411 8,454 10,669

1976 6,610 8,080 5,925 8,939 13,779 8,321 10,841

1977 6,848 8,012 5,780 8,960 14,040 8,187 10,965

1978 6,755 7,981 6,089 9,221 14,635 8,127 11,037

1979 6,762 7,852 6,429 8,908 14,052 7,972 10,590

1980 6,720 8,.037 6,377 8,887 14,537 7,917 10,529

1981 6,688 8,191 6,366 8,806 14,668 7,354 10,543

1982 6,773 7,796 6,430 8,855 14,837 7,538 10,737

1983 6,728 7,790 6,326 8,830 17,051 7,645 10,838

1984 6,758 7,926 6,401 8,902 15,186 7,685 10,897

1985 6,948 7,883 7,029 8,776 15,192 7,486 10,923

1986 7,003 8,105 7,186 9,079 15,540 7,710 11,034

1987 7,254 8,191 7,392 9,249 16,301 7,895 11,282

1988 7,392 8,321 7,584 9,224 15,991 8,049 11,698

1989 c 8,444 7,745 9,230 17,099 7,998 11,970

Average annual percentage change

1970-89 -1.3%d 0.1% 0.3% 0.1% 1.2% -0.6% 0.4%

1982-89 1.5%d 1.1% 2.7% 0.6% 2.0% 0.8% 1.6%

Sources:

Lee Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity," Cambridge University
Press, Cambridge, MA, 1992, and the "Proceedings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Includes privately owned automobiles and light trucks.
bData for 1971 and 1974 are not available.
_Data are not available.

dAverage annual percentage changes are for 1970-88 and 1982-88.
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Table 1.11

Psssca_l" Tm_ by Personal. Vehid_ for Sc/cc_ Coauim, 1970-_

United Germany United
Year Japan France Italy Sweden _ngdom States.

1970 183 188 * 34 179 216 2,109

1972 210 209 158 37 198 232 2,289

1973 204 235 170 38 208 240 2,323

1975 213 231 186 40 199 249 2,249

1976 225 237 194 41 209 256 2,327

1977 224 246 205 42 217 265 2,377

1978 247 256 220 42 230 275 2,454

1979 265 263 227 42 230 285 2,383

1980 265 279 233 41 243 288 2,352

1981 272 289 241 41 247 272 2,359

1982 288 289 243 42 252 281 2.:399

1983 302 295 248 42 254 289 2,447

1984 306 304 254 44 267 295 2,508

1985 325 305 260 45 271 294 2,563

1986 334 319 267 47 286 311 2,624

1987 380 329 275 49 307 325 2,718

1988 417 342 283 51 319 340 2,839

1989 454 356 _ 54 343 348 2,920

Average annual percentage change

1970-89 4.9% 3.4% 3.7%d 2.5% 3.5% 2.5% 1.7%

1982-89 6.7% 3.0% 2.6%d 3.7% 4.5% 3.1% 2.8%

Sources:
Le_ Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity,"Cambridge University

Press, Cambridge, MA, 1992, and the "Proc.c_ings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

•Includes privately owned automobiles and light trucks.
bData for 1971 and 1974 are not available.

_ _Data are not available.
eAverage annual percentage changes are for 1972-88 and 1982-88.
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Table 1.12
usebyPe.o for Comm/es,1970.

(ro'mmmu)

United United

Year Japan France Italy Sweden Kingdom Germany States

1970 488 431 ' 104 510 631 9,263

1972 602 480 * 112 612 744 10,551

1973 687 534 379 117 652 755 10,999

1975 759 540 _ 125 621 805 10,867

1976 797 573 ' 130 648 842 11,479

1977 834 5.93 _ c 666 885 11,742
c

1978 918 627 135 707 939 12,119

1979 958 636 473 c 720 965 11,685

1980 968 648 493 133 733 997 10,972

1981 985 673 512 133 719 940 10,891

1982 1,023 690 536 134 740 975 10,811

1983 1,087 705 538 135 752 1,009 10,926

1984 1,098 718 550 140 793 1,037 11,008

1985 1,134 715 574 140 801 1,031 11,183

1986 1,179 754 594 146 845 1,099 11,562

1987 1,218 773 620 151 896 1,152 11,711

1988 1,284 799 654 154 944 1,205 11,902

1989 1,414 811 _ 159 997 1,214 12,046

Average annual percentage change

1970-89 5.8% 3.4% 3.7% e 2.3% 3.6% 3.5% 1.4%

1982-89 4.7% 2.3% 3.4% e 2.5% 4.4% 3.2% 1.6%

Sources:

Lee Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity," Cambridge University
Press, Cambridge, MA, 1992, and the "Proceedings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Includes privately owned automobiles and light trucks.
bData for 1971 and 1974 are not available.
"Data are not available.

dAverage annual percentage changes are for 1973-88 and 1982-88.
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Table 1.13

pmea by br um, 97o-
pmea-m)

United United

Year Japan France Italy Sweden Klnsdo m Germany Stateslm , pl., i ,, III 1'1

1970 64 16 b 3 33 30 85

1972 67 18 30 4 31 33 88

1973 69 19 31 4 33 34 90

1975 68 21 33 4 34 36 93

1976 61 22 36 4 33 36 101

1977 65 23 37 4 31 38 104

1978 66 24 37 4 31 38 105

1979 67 24 39 4 30 40 107

1980 68 24 40 5 28 40 106

1981 67 24 40 5 26 41 107

1982 65 24 42 5 25 41 107

1983 64 24 41 5 26 40 108

1984 64 25 40 6 26 38 116

1985 65 23 45 6 26 33 113

1986 63 24 46 6 25 33 118

1987 64 26 48 6 25 33 121

1988 66 26 50 6 25 33 127
b

1989 68 24 6 25 33 125

Average annual percentage change

1970-89 0.3% 2.2% 3.2%c 3.7% -1.5% 0.5% 2.1%

1982-89 0.6% 0.0% 2.9%c 2.6% 0.0% -3.1% 2.2%

Sources:
Lee Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity,"Cambridge University

Press, Cambridge, MA, 1992, and the "Proce_ings Ofthe ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Data for 1971 and 1974 are not available.
bData are not available.

_Average annual percentage changes are for 1972-88 and 1982-88.
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Table 1.14
usebyBusfor Coaaur lm.Sg'

mu)

United United

Year Japan France Italy Sweden Klnadom Germany States

1970 47 14 ' 5 37 24 109
b

1972 54 16 6 35 27 106

1973 59 17 22 6 35 28 109
b

1975 56 20 7 32 30 119
b

1976 56 21 7 32 31 129
b b

1977 56 22 32 33 132
b

1978 55 23 7 32 34 135
b

1979 55 24 32 32 35 137

1980 53 25 32 6 32 36 138

1981 53 26 32 7 31 37 143

1982 53 27 36 7 32 37 146

1983 54 27 38 8 34 38 145

1984 52 27 43 8 41 38 154

1985 52 27 47 8 43 38 161

1986 53 28 51 9 44 38 154

1987 54 28 57 9 44 39 157

1988 55 27 60 9 44 39 159
b

1989 59 29 9 44 39 163

Average annual percentage change

1970-89 1.2% 3.9% 8.9%_ 3.1% 0.9% 2.6% 2.1%

1982-89 1.5% 1.0% 15.0%_ 3.7% 4.7% 0.8% 1.6%

Sources:
Lee Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity," Cambridge University

Press, Cambridge, MA, 1992, and the "Proceedings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Data for 1971 and 1974 are not available.
bData are not available.

"Average annual percentage changes are for 1973-88 and 1982-88.
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Table 1.15
'rra by lfof t970-

I I

Unit_l United

Year Japan France Italy Sweden Kingdom Germany States

1970 178 29 21 3 22 30 23

1972 185 31 23 3 21 31 21

1973 193 32 24 3 22 31 21

1975 200 35 24 4 22 30 20

1976 197 36 26 4 20 29 20

1977 193 36 26 4 21 29 20

1978 192 38 26 4 21 29 21

1979 193 38 26 4 22 30 22

1980 194 38 27 4 21 31 22

1981 195 39 27 4 21 31 21

1982 195 40 26 4 19 30 21

1983 198 41 26 4 21 29 21

1984 200 43 26 4 22 30 21

1985 _ 44 25 4 22 32 22

1986 207 43 27 4 23 31 23

1987 213 43 27 4 24 30 24

1988 223 45 29 4 25 31 24

1989 228 46 b 4 24 31 25

Average annual percentage change

1970-89 1.3% 2.5% 1.8%c 1.5% 0.5% 0.2% 0.4%

1982-89 2.3% 2.0% 1.8%' 0.0% 3.4% 0.5% 2.5%
I

Sources:
Lee Schipper, Steve Myers, et. al., "Energy Efficiency and Human Activity," Cambridge University

Press, Cambridge, MA, 1992, and the "Proceedings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Data for 1971 and 1974 are not available.
bData are not available.

CAverageannual percentage changes are for 1970-88 and 1982-88.
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Table. 1.16
Ene Useby Oxlu 19"m.89'

(um mu)

United United

Year Japan France Italy Sweden Klnjdom Germany States

1970 54 21 b 4 33 30 61

1972 56 19 18 4 33 29 59

1973 58 18 17 4 33 29 58

1975 58 20 16 5 33 26 62

1976 60 20 17 5 32 25 62
b

1977 60 21 16 35 22 59

1978 60 21 17 5 34 25 55

1979 61 21 18 b 34 27 65

1980 60 21 16 5 35 28 63

1981 60 21 17 5 34 28 54

1982 61 22 17 5 31 27 56

1983 62 23 17 5 33 26 60

1984 60 23 18 5 32 26 69

1985 61 23 18 6 34 27 70

1986 61 22 19 5 32 27 72

1987 64 23 19 5 31 27 76

1988 67 23 19 6 31 27 78
b b

1989 70 23 5 28 81

Average annual percentage change

1970-89 1.4% 0.5% 0.3%c 1.2% -0.3%d -0.4% 1.5%

1982-89 2.0% 0.6% 1.9%c 0.0% 0.0%d 0.5% 5.4%

Som'ces:
Lee Schipper, Steve Myers, et. al., "EnergyEfficiency and Human Activity," Cambridge University

Press, Cambridge, MA, 1992, and the "Proceedings of the ACEEE Conference on Automobiles
and the Greenhouse Effect."

'Data for 1971 and 1974 are not available.
bData are not available.

_Average annual percentage changes are for 1972-88 and 1982-88.
dAverage annual percentage changes are for years 1970-88 and 1982-88.



CHAPTER 2

TRANSPORTATION ENERGY CHARACTERISTICS

The U.S. was responsible for more than one-quarter of the world's petroleum

consumption in 1990. Domestic crude oil production, which had been declining every year

from 1985 to 1990 rose by 0.02 million barrels per day in 1991. While domestic crude oil

production has declined 17.8% from 1985 to 1991, the amount of crude oil imported has

increased 49.5% in that time period to meet the domestic demand. Imports in 1991

accounted for 45.5% of U.S. petroleum consumption, down from a high of 47.2% in 1990

(Table 2.2).

Most of the petroleum consumed in the U.S. was in the transportation sector,

65.4% (Table 2.3), accounting for 27.3% of total energy use in 1991 (Table 2.6). While

the transportation section depended primarilyon petroleum, the residential and

commercial sector depended heavily on electricity (Table 2.4).

The fuels used in the transportation sector include gasoline, distillate fuel oil

(diesel fuel), jet fuel, residual fuel oil, natural gas, and electricity. Gasoline, however,

accounted for the majority of transportation energy consumption in 1990 (60.4%) (Figure

2.7). Of total transportation energy use in 1990, 72.4% was consumed by the highway

mode while the nonhighway mode (which includes water, air, pipeline, and rail

transportation) accounted for 21.5%. The remaining 6.1% of transportation energy use

was consumed by the off-highway mode and military activities (Table 2.9).

The average price for ali types of gasoline jumped 10 cents from 1989 to 1990 (in

constant 1990 cents). Unleaded regular gasoline prices (in constant 1990 cents)

experienced an average decline of 5% annually from 1982 to 1991 (Table 2.16). The

refiner sales prices for other transportation fuels such as propane, aviation gasoline and jet

fuel also increased from 1989 to 1990 and declined in 1991 (Table 2.17). Many of these

fuel price fluctuations are due to the $22.24 price for a barrel of crude oil in 1990 (a $3.30

increase from 1989 in constant 1990 dollars) and the 1991 price of $18.30 per barrel in

constant 1990 dollars (Table 2.18).
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Tramportation'sshareofthegrounationalproduct(GNP) leftbelow17% in

1991.GNP hasbeengrowingatanaveragerateof3.0%from1982to1991,while

transportationoutlayshavegrownanaverageof1.9%annually(Table2,19).

Transportationpersonalconsumptionexpenditures(PC'E)for1991wereatapproximately

thesamelevelas1989,whiletotalPCE havegrown.TransportationPCE was

approximately11.3%oftotalPCE in1991,thelowestinthetwenty-yearseries

(Table2.20).

Although consumers in 1990 spent almmt four times more for a used car than they

would have in 1970, the used car Consumer Price Index (CPl) has declined slightly from a

high of 3.859 in 1989 (Table 2.21). The average price of a new domestic car in constant

1990 dollars declined again in 1991 to $256 less than the high in 1989. Import car prices

also decreased slightly from 1990 to 1991. The average price of a domestic car was

approximately $2,000 less than an import car in 1991 (Table 2.22). The cost of operating

a car rose to 41.85 cents per mile in 1991. Gas and oil, once as much as one-quarter of

the total cost to operate a car, accounted for only 15.4% of the total cost in 1991, which

was up from 13.2% in 1990 (Table 2.23).
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Section 2.1.
Energy Consumption and Supply



2-4

Table 2.1

Refiner/YieldofPeu_k_m lhroductsfroma BarrelofCrudeOil,1978-91'
mse)

Motor Distillate Jet Liquefied
Year Gasoline fuel oil fuel petroleum gas OtheP

1978 44.1 21.4 6.6 2.3 29.6
1979 43.0 21.5 6.9 2.3 30.3

1980 44.5 19.7 7.4 2.4 30.0

1981 44.8 20.5 7.6 2.4 28.7
1982 46.4 21.5 8.1 2.2 26.2
1983 47.6 20.5 8.5 2.7 24.8
1984 46.7 21.5 9.1 2.9 24.2
1985 45.6 21.6 9.6 3.1 24.6
1986 45.7 21.2 9.8 3.2 24.8
1987 46.4 20.5 10.0 3.4 24.5
1988 46.0 20.8 10.0 3.6 24.4
1989 45.7 20.8 10.1 4.0 24.2
1990 45.6 20.9 10.7 3.6 24.1
1991 45.7 21.3 10.3 3.8 24.1

Soum_

Department of Energy, Energy Information Administration, Petroleu .mSupply Annual 199L
Vol. 1, June 1992, Table 19, p. 52, and annual.

lo

•Products sum greater than 100% due to processing gain. The processing gain for years 1978 to 1980 is
assumed tobe 4%.

blncludes aviation gasoline, kerosene, naphtha and other oils for petrochemical feedstock use, specialnaphthas,
lubricants, waxes, petroleum coke, asphalt and road oil, still gas, and miscellaneous products.
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II li

AIthougt, transportation 'sshare ofpetroleum use has increased since 1989, the total petroleum declined
slightly between 1989 and 1991.

III

_Z3

Consumption of Pe,tmleem by F..mI-U_ Sector, 1973-91
(quadrillion Btu)

Percentage Residential Totalin
transportation and Electric millionbarrels

Year Transportation of total commercial Industrial utilities Total perday"

1973 17.83 51.2% 4.39 9.10 3.52 34.84 16.46
1974 17.40 52.0% 4.00 8.69 3.37 33.46 15.81
1975 17.61 53.8% 3.81 8.15 3.17 32.74 15.47
1976 18.51 52.6% 4.18 9.01 3.48 35.18 16.62
1977 19.24 51.8% 4.21 9.77 3.90 37.12 17.53
1978 20.04 52.8% 4.07 9.87 3.99 37.97 17.94
1979 19.83 53.4% 3.45 10.57 3.28 37.13 17.54
1980 19.01 55.6% 3.04 9.53 2.63 34.21 16.16
1981 18.81 58.9% 2.63 8.29 2.20 31.93 15.08
1982 18.42 60.9% 2.45 7.79 1.57 30.23 14.28
1983 18.59 61.9% 2.50 7.42 1.54 30.05 14.19
1984 19.22 61.9% 2.54 8.01 1.29 31.06 14.67
1985 19.50 63.1% 2.52 7.81 1.09 30.92 14.61
1986 20.27 63.0% 2.56 7.92 1.45 32.20 15.21
1987 20.87 63.5% 2.59 8.15 1.26 32.87 15.53
1988 21.62 62.2% 2.61 8.43 1.56 34.22 16.16
1989 21.86 63.9% 2.54 8.13 1.69 34.22 16.16
1990 21.80 65.0% 2.18 8.31 1.25 33.54 15.84
1991 21.41 65.4% 2.17 7.96 1.18 32.72 15.46

Averageannualpercentagechange

1973-91 1.0% -3.8% -0.7% -5.9% -0.3%
1982-91 1,7% -1.3% 0.2% -3.1% 0.9%

U.S. Departmentof Energy,EnergyInformationAdministration,MonthlyEnergy.Review,March1992,pp. 27,
29, 31, 33.

'Calculatedfrom Total column. One millionbarrelsper day of petroleumequals 2.117 quadrillionBtuper
year.
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']hzb_ Z4

Distribution of Ea_r_ Consumption by Sourc_ 1981 ud 1991

Residential and Electric

Transportation Commercial Industrial Utilities
Energy source 1981 1991 1981 1991 1981 1991 1981 1991

Petroleum 96.4 96.1 10.4 7.3 28.3 26.8 8.9 3.9
Natural gas' 3.4 3.7 28.7 25.7 28.2 29.9 15.2 9.6
Coal 0.0 0.0 0.7 0.5 10.8 8.8 50.8 53.7

Hydroelectric 0.0 0.0 0.0 0.0 0.1 0.1 12.6 10.2
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 11.2 21.9
Electricity b 0.2 0.2 60.2 66.5 32.6 34.4 0.0 0.0
Other• 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.6

1"0070

Sour{_:

U.S. Department of Energy, Energy Information Administration, Monthly Ener_ Review,
March 1992, Washington, DC, pp. 27, 29, 31, 33.

'Includes supplemental gaseous fuels. Transportation sector includes pipeline fuel only.
blncludes electrical system energy losses.
=Energygenerated from geothermal, wood, waste, wind, photovoltaic, and solar thermal energy

sources.
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From 1973 to 1991 electricity generation has depended less on natural gas, petroleun_ and 19frm.
electric power and has depended more on coa_ nuclear generated electricpower, and other sources.
Although nuclear generated electricpower grew tremendously from 1973 to 1991, coal continued to be
the predominant source for electricity generation. 54% in 1991.

Table7.5
Euric UtilityEaeqnvnpmbySoun 1973-91

(quaaruuonBtu)

Hydro- Nuclear
Natural electric electric

Year Coal gas Petroleum power power Other' Total

1973 8.66 3.75 3.52 2.98 0.91 0.05 19.85
1974 8.53 3.52 3.37 3.28 1.27 0.06 20.02
1975 8.79 3,24 3.17 3.19 1.90 0.07 20.35
1976 9.72 3.15 3.48 3.03 2.11 0.08 21.57
1977 10.26 3.28 3.90 2.48 2.70 0.08 22.71
1978 10.24 3.30 3.99 3.11 3.02 0.07 23.72
1979 11.26 3.61 3.28 3.11 2.78 0.10 24.13
1980 12.12 3.81 2.63 3.09 2.74 0.11 24.51
1981 12.58 3.77 2.20 3.07 3.01 0.13 24.76
1982 12.58 3.34 1.57 3.54 3.13 O.11 24.27
1983 13.21 3.00 1.54 3.87 3.20 0.13 24.96
1984 14.00 3.22 1.27 3.73 3.55 0.17 25.98
1985 14.54 3.16 1.09 3.33 4.15 0.21 26.48
1986 14.44 2.69 1.45 3.35 4.47 0.23 26.64
1987 15.17 2.94 1.26 3.1)4 4.91 0.24 27.56
1988 15.85 2.71 1.56 2.61 5.66 0.24 28.63
1989 15.99 2.88 1.69 2.85 5.68 0.22 29.30
1990 16.19 2.88 1.25 2.91 6.16 0.20 29.60
1991 16.07 2.88 1.18 3.05 6.54 0.19 29.90

Average annual percentage change

1973-91 3.5% -1.5% -5.9% 0.1% 11.6% 7.7% 2.3%
1982-91 2.8% -1.6% -3.1% -1.6% 8.5% 6.3% 2.3%

Source:

U.S. Department of Energy, Energy Information Administration, Monthly Ener_ Review, March
1992. p. 33.

'Other consists of electricity generated for distribution from wood,waste, geothermal, wind,
photovoltaic, and solar thermal energy.
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transportation sector has accounted for over 27% of total energyuse since 1985. Total enagy
up to 81.51 quads in 1991, after a slight decline in 1990.

Vable 2.6

Consumption of To,ml F_.mea_by Eml-Use Sector, 1970-91"
(quadrillioa Btu)

Percentage Residential
transportation and

Year Transportation of total Commercial Industrial Total
IIII

1970 16.07 24.2% 21.71 28.65 66.43
1971 16.70 24.6% 22.59 28.59 67.88
1972 17.70 24.8% 23.69 29.88 71.27
19"73 18.61 25.1% 24.14 31.53 74.28
1974 18.12 25.0% 23.72 30.70 72.54
1975 18.24 25.9% 23.90 28.40 70.54
1976 19.10 25.7% 25.02 30.23 74.36
1977 19.82 26.0% 25.39 31.08 76.29
1978 20.61 26.4% 26.09 31.39 78.09
1979 20.47 25.9% 25.81 32.62 78.90
1980 19.70 25.9% 25.65 30.61 75.96
1981 19.51 26.4% 25.24 29.24 73.99
1982 19.07 26.9% 25.63 26.14 70.85
1983 19.13 27.1% 25.63 25.76 70.52
1984 19.80 26.7% 26.45 27.85 74.10
1985 20.07 27.1% 26.68 27.20 73.95
1986 20.81 28.0% 26.81 26.61 74.24
1987 21.44 27.9% 27.60 27.81 76.85
1988 22.30 27.8% 28.92 28.98 80.20
1989 22.55 27.7% 29.41 29.38 81.35
1990 22.53 27.7% 28.86 29.90 81.29
1991 22.29 27.3% 29.56 29.66 81.51

Average annual percentage change

1970-91 1.6% 1.5% 0.2% 1.0%
1982-91 1.7% 1.6% 1.4% 1.6%

Department of Energy, Energy Information Administration, Monthly Enerff Review_
March 1992, Washington, DC, Table 2.2, p. 25.

'Electrical energy losses have been distributed among the sectors.
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Table 2.7
Domestic Consumption of Transportation Energy by Mode andFuelTyp_ 1990

(trillion Btu)
wt

Diesel Liquefied Residual Natural
Gasoline fuel petroleum gaa Jet fuel fuel oll IIM Electricity

l_OHw^'g" ta_s.2 3,183.9 7.s
8,945.7 120.6

Bom 29.7 13_1
Transit 0.2 78.7
lnterdty 21.7
School 29.5 32.7

Trod= 4,m5.9 2,93O.2 7.S
Ught trucksb 4,001.7 151.7 3.0
Other truckg 604.2 2,778.5 4.5

OI_'-HIGHWA3r' (heavy-duty)" 95.1 570.1
C_uauuct_ 31.4 178.5
F_t_ 63.7 _1_

NONHIOH._/A_ 289.1 750.0 2,016.9 935.4 680.3 309.1
42.4_ 2,016.9

General aviation* 42.4 89.5
Domestic air carriers 1,663.6
International air carriers 263.8r

Water 246.7 31)4.8 935.4
Freight 304.8 935.4

Domestic trade 236.2 87.0
Foreign trade 68.6 848.4

Recreational boats 246.7
68o3 247._

Natural gas 680.3 35.2
Crude petroleum* 91.0
Petroleum producta 67.4
Coal slurr_ 3.7
WateP 50.0

Rat] 445.2 61.8
Freightt 425.2
Pauenger 20.0 61.8

Transit 42.7
Commuter rail 7.3 14.4
lntercity 12.7 4.7

MILITARY OPERATION_ 17.2t 173.8 542.1 24.6

TOTAL _ 14,006.6 4,677.8 7..5 2,559.0 960.0 680.3 309.1

Soarce: See Appendix A for Table 2.7.

'Civilian consumption only;,military consumption shown separately.
Wl'wo-axle,four-tire trucks.
'1985data.
_Aviationgasoline.
'Ali aircraft in the U.S. civil air fleet except those, operated under FAR parts 121 and 127 (i.e., air carriers larger than 30

seats and/or a payload capacity of more than 7,500 pounds). General aviation includes air taxies, commuter air carrien, and
air travel club_.

9"his figure represents an estimate of the energy purchased in the U.S. for international air carrier consumption.
*1981 data.
I1977 data.

*IncludesClass 1, 2, and 3 railroads.
JBased on fuel purchases.
9ncludes aviation gasoline and motor gasoline.
9"otals may not include ali possible uses of fuels for transportation (e.g., snowmobiles).
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Tabk2.8
Distribution of Domestic Consumption of Transportation Energy by Mode and Fuel Type, 1990

Diesel"'Liqmefied 14a_idual Nataral
Ouoli_ hid _ lm Jet hid hill oil pl _y

IEIGHWAY'" 97.1 (,8.1 lm.@
63.9 2.6
oa

Bim 0.2 2,8
Transit ' 1.7
Xnter_ 03
School 0.2 0.7

32.9 62,6 100.0
Light trucks" 28.6 3.2 40.0
Other trucks 4.3 59.4 60.0

OFF-HIGHWAY" (heavy-duty)4 0.7 12.2
Cnmtmtaiam 0.2 3,8
Farming 03 8.4

IqONIIIGHWAY" 2.1 16.0 78.8 97.4 100.0 100.0
Ak 0.3' 78.8

General aviationf 0.3 3.5
Domestic air carriers 65.0
International air carriers 10.3j

Water 1.8 6.5 9'7.4
Freight 6.5 97.4

Domestic trade 5.0 9.1
Foreign trade 1.5 88.4

Recreational boats 1.8
Pipeune moo su

Natural gas 100.0 113
Crude petroleum_ 29.4
Petroleum products 21.8
Coal slurry 1.2
Water_ 16.2

Rail 9.5 20.0
Freightj 9.1
Passenger 0.4 20.0

Transit 13.8
Commuter rail 0.2 4.7
Intercity 0.3 1.5

MILrI'ARY OPERATIONS' 0.1 3.7 21.2 2.6

TOTAL° (by fuel type) 60.4 20.2 _ 11.0 4.1 2.9 1.3

Source: See Appendix A for Table 2.7.

'Civilianconsumptiononly;militaryconsumptionshownseparately.
"La.mthan0.05percent
q'wo-ule,four.t/retruckL
'19&5data.

'Aviation gasoline.
tAllaircraftiutheU.S.civilairfleetexc.eptthoseoperatedunderFAR parts121and127(i.e.,aircarrierslargerthan30seatsand/ora

payloadcapacityofmorethan7,500pounds).Generalaviationincludesairtaxies,commuteraircarriers,andairtravelclubL
figurerepresentsaumtimateoftheenergypurchasediutheU.S.forinternationalaircarrierconsumption.

k1981data.
'1977data.
qacludesClassI,2,and3railroads,
_asedon fuelpurchased.
rl'otahmaymotincludeali possibleusesof fuehfor transportation(e.&,snowmobiles).
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Eleclxicity1.3%

Nalural gas 2.9%

Residual 4.1%

Jet Fuel 11.0%

Distillate 20.2_

Soun:e: See Table 2.&

Figme 2.8. Distn'butioa of Tramlamatioa Eaefgy Use by Mode, 1990

ORM.-0f_ 03-eeeo

Automob_ :3O.2%

Bus 0.7%

Military 3.3%

Flail 2.2%
Truck 32.5%

Pipeline 4.0%

Water 6.4%

Air 8.9%
Off_ay ?_9%

Source: Soc Table 2.9.

°lmclude#motorcycles.
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Table 2.9
TransportationEnergyUse by Mode, 1990

Thousand barrels per d,y Perccntaie
Trillion Btu crude oil equivalent" of total

i,,lll i iiii, ,i,, i i,

HIGHWAY b 16,'_6.6 7,934.2 72,4
9,066.3 4,282.6 39.1

239 113 _I
Beam 16Z8 76.9 0.7

Transit 78.9 37.3 0.3
lntercity 21.7 10.3 0.1
School 62.2 29.4 0.3

_ructs 7,54.x6 3.56x3 a7..5
Light trucks* 4,156.4 1,9633 17.9
Other trucks 3,387.2 1,600.0 14.6

OFF-HIGHWA_ (heavy-duty)_ 665.2 314.2 Z9
Cmauuctioa 209..9 99.1 0.9
Fara_ 455.3 21.5.1 2.0

NONHIGHWAY b 4vq80.8 2,352.8 21.5
Atr 2,059.3 972.7 8.9

General aviation" 131.9 62.3 0.6
Domestic air carriers 1,663.6 785.8 7.2
Internationalair carriers 263.8r 124.6 1.1

Water 1,486.9 702.4 6.4
Freight 10.40.2 585.8 5.3

Domestic trade 323.2 152.7 1.4
Foreign f.rade 917.0 433.2 4.0

Recreational boats 246.7 116.5 1.1
Pipeline 927.6 438.2 4.0

Natural gas 715.5 338.0 3.1
Crude petroleumj 91.0 43.0 0.4
Petroleum products 67.4 31.8 0.3
Coal alurr_ 3.7 1.7 0.0
Waterh 50.0 23.6 0.2

Rail 507.0 239.5 2.2
Freighti 425.2 200.9 1.8
Passenger 81.8 38.6 0.4

Transit 42.7 20.2 0.2
Commuter rail 21.7 10.3 0.1
lntercity 17.4 8.2 0.1

MILITARY OPERATIONM 757.7 3573F 3_3

,i iiii iro,li Hll

., TOTAL' _.3 ,, 10a959.0 100.0
Sma-¢_

See Appendix A for Table 2.7.

q'nomad barrehperdaycrudeoil equivalenUbasedoa BUtcosteut of a barrel of crudeoil.
_'Ctvilianconsumptiononly;,militarycouumpflon_lmemseparately.
•Two-ule, four-life Irvcka.
'1985 data.
•Ali aircraftin the U.S.civilair fleet ezc_ptthree opented under'FAR Para 121and 127(i.e., air carrien largerthan30 seatsaid/or a

payloadcapacityof more than7,500pounds). Generalaviation includesair taxies,commuteraircarrien,nad air travelclubs.
q'sis figurerepresentsan estimateof the enerjypurclumedin the U.S.for internationalaircarrierconsumption.
q981 data.
"1977data.
'IncludesClassI, 2, and 3 railroads.
q_ on fuel purcl_
Wurchaseswerethe beatestimatesavailablefor fuel consumption,bothdomesticandabroad.
Vl'otalsmaynot includeali possibleusesof fuelsfor transportation(e.&,snowmobiles).
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special fuels share of highway fuel use c_ to be above 1_% in 1990. Highway use of
fuels has been growing at a much faster rate than gasoline comumptio_

Table2.11

14ighmrUsageofC_olineandSpecial_e_ 1973-90
photo)

Special Percent Total highway
Year Gasoline fuels' special fuels fuel use

1973 100,636 9,837 8.9 110,473
1974 96,505 9,796 9.2 106,301
1975 99,354 9,631 8.8 108,985
1976 104,978 10,721 9.3 115,699
1977 107,978 11,646 9.7 119,624
1978 112,239 12,828 10.3 125,067
1979 108,126 13,989 11.5 122,115
1980 101,183 13,777 12.0 114,960
1981 99,597 14,856 13.0 114,453
1982 98,479 14,905 13.1 113,384
1983 100,106 15,975 13.8 116,081
1984 101,416 17,320 14.6 118,736
1985 103,571 17,751 14.6 121,322
1986 106,756 18,427 14.7 125,183
1987 108,702 19,046 14.9 127,748
1988 109,816 20,070 15.5 129,886
1989 110,632 21,232 16.1 131,864
1990 110,184 21,399 16.3 131,583

Average annual percentage change

1973-90 0.5% 4.7% 1.0%
1982-90 1.4% 4.6% 1.9%

Somce:

U.S. Department of Transportation, Federal Highway Administration, Highway
Statistics 1990, Washington, DC, 1991, pp. 6, 8, and annual.

Total highway fuel use - Calculated as the sum of gasoline and special fuels.

'Special fuels consist primarily of diesel fuel, with small quantities of liquified petroleum gas.
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Section 2.2.
Energy Efficiency and Intensity
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All freight modes _,rienced ener_ effwiency imp_vements from 1970 tO 1990. Domestic I

waterborne commerce, however, reversed this trend from 1982 to 1989 with a 3.1% decline in energy

I III IIIII I I II

Table2.15

Ener InmmiesoC Made Z90-90

Trucks Domestic

Year Light truck" Other trucks Total imcKs Cirus,I freight railroad waterbornecommerce
(Btu per (Btu per (Btu per (Btu per freight (Btu per (Btu per

vehicle-mile) vehicle-mile) vehicle-mile) car-mile) ton-mile) ton-mile)
,,,,,

1970 12,491 24,142 16,399 16,748 655 545
1971 12,229 23,685 15,945 17,655 696 506
1972 12,099 23,350 15,646 18,087 706 522
1973 11,909 23,251 15,417 18,046 662 576
1974 11,398 22,555 14,669 18,422 665 483
1975 11,161 21,997 14,286 18,604 682 549
1976 11,167 22,644 14,335 18,843 677 468
1977 10,926 22,679 14,157 19,180 667 458
1978 10,765 22,887 14,093 18,802 637 383
1979 10,599 23,027 13,978 19,113 616 457
1980 10,143 22,352 13,489 18,585 592 358
1981 10,002 22,640 13,394 18,582 571 360
1982 9,741 22,736 13,103 18,224 547 310
1983 9,755 22,967 13,146 17,719 521 319
1984 9,777 22,884 13,147 17,740 508 346
1985 9,730 23,100 12,851 17,131 487 446
1986 9,729 23,106 13,082 16,855 474 463
1987 9,705 23,136 13,010 16,307 443 402
1988 9,350 23,387 12,767 16,436 434 361
1989 9,08 1 23,128 12,532 16,525 427 403
1990 8,904 22,581 12,230 16,254 411 396b

Average annual percentage change

1970-90 -1.7% -0.3% -1.5% -0.1% -2.3% -1.6%
1982-90 -1.1% 0.1% -0.9% -1.4% -3.5% 3.1%

Source:

Appendix A for Table 2.15.

"rwo.a_e, four-tire trucks.
bAsauming 1990 ton-miles remain constant from 1989. 1990 data are not yet available.
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Economics
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_ m Illl I - Illl m __

IThe average price of a barrel of crude oil dropped by more than three dollars from 1990
to 1991. The price of unleaded regular gasoline reflected the decline, but only dropped
by 2 4¢ ($1.01 per barrel) in current dollars.

I III IIllll I _lll III IllllIII III II

Table 2.18
Pricesfora Barreloi'CrudeOiland• (h_m ofGasollne,1976-91

Crude Oil' LeadedGasoline b Unleaded Regular Gasoline b
(dollars per barrel) (dollars per gallon) (dollars per gallon)

Current Constant Current Constant Current Constant
Year 1990_ 1990_ 1990_

1976 10.89 25.00 0.590 1.354 0.614 1.407
1977 11.96 25.79 0.622 1.341 0.656 1.415
1978 12.46 24.96 0.626 1.254 0.670 1.342
1979 17.72 31.90 0.857 1.543 0.903 1.626
1980 28.07 44.52 1.191 1.889 1.245 1.974
1981 35.24 50.63 1.311 1.884 1.378 1.980
1982 31.87 43.15 1.222 1.654 1.296 1.755
1983 28.99 38.03 1.157 1.518 1.241 1.628
1984 28.63 36.02 1.129 1.420 1.212 1.525
1985 26.75 32.50 1.115 1.354 1.202 1.460
1986 14.55 17.34 0.857 1.021 0.927 1.105
1987 17.90 20.58 0.897 1.031 0.948 1.090
1988 14.67 16.21 0.899 0.993 0.946 1.045
1989 17.97 18.94 0.998 1.052 1.021 1.076
1990 22.22 22.22 1.149 I.149 1.164 1.164
1991 19.05 18.30 d d 1.140 1.100

Average annual percentage change

1976-91 3.8% -2.1% 4.9%' -1.2%' 4.2% -1.6%
1982-91 -5.6% -9.1% -0.8%' .4.5%' -1.4% -5.1%

Sources:

Crude Oil - U.S. Department of Energy, Energy Information Administration, Month!v Ener_,y
Review, March 1992, Washington, DC, Table 9.1, p. 107.

Gasoline - U.S. Department of Energy, Energy Information Administration Month!v Ener_
Review, March 1992, Washington, DC, Table 9.4, p. 110.

'Refiner acquisition cost ofcomposite (domestic and import) crude oil.
Whese prices were collected from a sample of service stations in 85 urban areas selected to

represent ali urban consumers. Urban consumers make up about 80% of the total U.S. population.
_Adjusted by the Consumer Price Inflation Index.
dData are not available.

'Average annual percentage changes are for years 1976-90 and 1982-90.
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been growing at an average rate of 3.0%from 1982 to 1991, while trans_n outlays have grown
an average of 1.9% annually, in constant 1990 dollars.

III

Table 2.19
Gross National Product (GIqP) as Related to Transportation, 1970-91

i

Total transportation
Gross National Product outlays Transportation

(billion dollars) (billion dollars) outlays
Constan[ Consm/lr as a percent

Year Current 1990' Current 1990' of GNP

1970 1,015.5 3,031.3 195.2 582.7 19.2%
1971 1,102.7 3,127.8 222.0 629.7 20.1%
1972 1,212.8 3,304.5 242.3 660.2 20.0%
1973 1,359.3 3,499.9 266.5 686.2 19.6%
1974 1,472.8 3,490.0 282.6 669.7 19.2%
1975 1,598.4 3,463.9 298.9 647.8 18.7%
1976 1,782.8 3,671.3 351.1 723.0 19.7%
1977 1,990.5 3,871.3 400.9 779.7 20.1%
1978 2,249.7 4,076.6 453.4 821.6 20.2%
1979 2,508.2 4,182.2 503.0 838.7 20.1%
1980 2,732.0 4,167.4 524.9 800.7 19.2%
1981 3,052.6 4,259.0 592.5 826.7 19.4%
1982 3,166.0 4,163.3 591.4 777.7 18.7%
1983 3,405.7 4,308.3 643.2 813.7 18.9%
1984 3,772.2 4,573.5 715.5 867.5 19.0%
1985 4,010.3 4,730.4 753.0 888.2 18.8%
1986 4,235.0 4,861.8 771.7 885.9 18.2%
1987 4,515.6 5,053.2 808.7 905.0 17.9%
1988 4,873.7 5,268.1 857.6 927.0 17.6%
1989 5,200.8 5,416.5 906.3 943.9 17.4%
1990 5,524.5 5,524.5 969.4 969.4 17.5%
1991 5,685.8 5,452.7 959.5 917.3 16.9%

Average annual percentage change

1970-91 8.5% 2.8% 7.9% 2.2%
1982-91 6.7% 3.0% 5.5% 1.9%

Sources:
1970-86 GNP - U.S. Department of Commerce, Bureau of Census, Statistical Abstract of the

United States 1988, pA10.
1987-91 GNP - U.S. Department of Commerce, Bureau of Economic Analysis, Surve3/of Current

Business, July, 1991, and annual.
Transportation Outlays - Eno Transportation Foundat!on, Transportation in America, Tenth

Edition, Washington, DC, 1992, p.38.

"Adiusted by the implicit GNP price deflator.
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Transportation's share of personal consumption e_enditu_ (PCE) dropped to 11.3% in 1991, the
lowest share in the twenty.year series.

Table 2._
Personal Consumption Expenditures _ as ReJat_ to Transportation, 1970-91

Transportation
Personal Personal

Consumption Expenditures Consumption Expenditures" Transportation
(billion dollars) (billion dollars) PCE

Constan(" , t_onsmnt'" as a percent of
Year Current 1990b Current 199(P total PCE

, iii ,

1970 640.0 1,910.4 81.5 243.3 12.7%
1971 691.6 1,961.7 95.2 270.0 13.8%
1972 757.6 2,064.2 105.8 288.3 14.0%
1973 837.2 2,155.6 116.0 298.7 13.9%
1974 916.5 2,171.8 119.8 283.9 13.1%
1975 1,012.8 2,194.9 131.2 284.3 13.0%
1976 1,129.3 2,325.6 157.1 323.5 13.9%
1977 1,257.2 2,445.1 181.5 353.0 14.4%
1978 1,403.5 2,543.2 199.9 362.2 14.2%
1979 1,566.8 2,612.5 222.0 370.2 14.2%
1980 1,732.6 2,642.9 238.5 363.8 13.8%
1981 1,915.1 2,672.0 261.5 364.8 13.7%
1982 2,050.7 2,696.7 267.6 351.9 13.0%
1983 2,234.5 2,826.7 295.4 373.7 13.2%
1984 2,430.5 2,946.8 329.5 399.5 13.6%
1985 2,629.0 3,101.1 359.5 424.1 13.7%
1986 2,797.4 3,211.4 366.3 420.5 13.0%
1987 3,009.4 3,3,67.7 379.7 424.9 12.6%
1988 3,296.1 3,562.9 413.2 446.6 12.5%
1989 3,523.1 3,669.2 437.3 455.4 12.4%
1990 3,448.4 3,448.4 453.7 453.7 13.1%
1991 3,887.7 3,716.6 438.2 418.9 11.3%

Average annual percentage change
1970-91 9.0% 3.2% 8.3% 2.6%
1982-91 7.4% 3.6% 5.6% 2.0%

Sources:
1970-86 data - U.S. Department of Commerce, Bureau of Census, Statistical Abstract of the

United States 1988, p.412.
1987-91 data - U.S. Department of Commerce, Bureau of Economic Analysis, Survey of Current

Business, July 1992, p. 59, and annual.

"Transportation Personal Consumption Expenditures include user operating expenses (new and
used auto purchases, gas and oil, repair, greasing, washing, parking, storage, rental, other motor
vehicles, tires, tubes and other parts, insurance premiums); purchased intercity transportation; and
purchased local transportation.

bAdjusted by the implicit GNP price deflator.
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I

The Consumer Price Index (CPI) for transportation has more than tripled from 1970 to 1990, and
the Used Car CPI continued to grow at a much faster rate than did the New Car CPI. This means
that while consumers paid )'or a new automobile in 1990 more than double what they did in 1970,
they paid almost four times more to buy a used car in 1990 than in 1970. Although the Used Car
CPI declined from 1989 to 1990, it rose again in 1991.

Table 2.21
smaseuaInaivmm toTnumpormeou,19791

0970 = 1.0_)
,ii

Transportation Newcar Usedcar
Consumer Consumer Consumer Consumer Gross National

Year Price Index Price Index" Price Index Price Index Product

1970 1.000 1.000 1.000 1.000 1.000
1971 1.043 1.052 1.041 1.057 1.086
1972 1.077 1.064 1.032 1.059 1.194
1973 1.144 1.098 1.033 1.128 1.339
1974 1.270 1.222 1.092 1.175 1.450
1975 1.386 1.336 1.186 1.404 1.574
1976 1.466 1.469 1.261 1.610 1.756
1977 1.561 1.572 1.328 1.753 1.960
1978 1.680 1.646 1.429 1.788 2.215
1979 1.869 1.881 1.543 1.927 2.470
1980 2.122 2.216 1.667 1.995 2.690
1981 2.342 2.484 1.768 2.463 3.006
1982 2.486 2.587 1.836 2.842 3.118
1983 2.566 2.648 1.883 3.161 3.354
1984 2.675 2.766 1.938 3.602 3.715
1985 2.770 2.838 2.000 3.640 3.954
1986 2.824 2.728 2.087 3.487 4.176
1987 2.927 2.811 2.162 3.625 4.447
1988 3.046 2.899 2.206 3.782 4.799
1989 3.193 3.043 2.249 3.859 5.121
1990 3.365 3.213 2.283 3.769 5.382
1991 3.508 3.301 2.364 3.785 5.599

Sources:
Department of Commerce, Bureau of Economic Analysis, Survo/of Current Business,

WashIngton, DC, May 1992, p. S-6, and annual.
Gross National Product - Indexed to 1970 from Table 2.19.

"TransportationConsumer Price Index includes new and used cars, gasoline, auto insurance rates,
intracity mass transit, intracity bus fare, and airline fares.
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I

The averageprice of ali new cars in 1900 constant dollars declined from 1990 to 1991. the _rst |

i

decline since 1980. Domestic car prices, in 1990 constant dollars, have been declining since 1989. IIn current dollars, the price gap between domestic and intport cars rose to $2,046 in 1991.

Table2.22
Average Price of • New Car, 1970.91

Domestic Import Totallll||ll i

Current Constant Current Constant Current Constant
Year dollars 1990 dollars' dollars 1990 dollars' dollars 1990 dollars"

|,,,,, i i

1970 3,708 12,479 2,648 8,912 3,542 11,920
1971 3,919 12,645 2,769 8,935 3,742 12,074
1972 4,034 12,601 2,994 9,352 3,879 12,117
1973 4,181 12,295 3,344 9,834 4,052 11,915
1974 4,524 11,988 4,206 11,146 4,440 11,766
1975 5,084 12,344 4,384 10,645 4,950 12,019
1976 5,506 12,640 4,923 11,301 5,418 12,438
1977 5,985 12,906 5,072 10,938 5,814 12,538
1978 6,478 12,976 5,934 11,886 6,379 12,778
1979 6,889 12,403 6,704 12,070 6,847 12,327
1980 7,609 12,067 7,482 11,886 7,574 12,012
1981 8,912 12,805 8,896 12,782 8,910 12,802
1982 9,865 13,356 9,957 13,480 9,890 13,390
1983 10,559 13,850 10,873 14,262 10,640 13,956
1984 11,172 14,056 12,354 15,543 11,450 14,405
1985 11,733 14,253 12,875 15,640 12,022 14,604
1986 12,526 14,929 13,815 16,465 12,894 15,368
1987 13,239 15,223 14,602 16,790 13,657 15,703
1988 14,029 15,498 15,537 17,164 14,468 15,983
1989 14,937 15,746 16,126 16,999 15,278 16,105
1990 15,682 15,682 17,543 17,543 16,148 16,148
1991 16,152 15,490 18,198 17,452 16,700 16,015

Average annual pc=-.entage change

1970-91 7.3% 1.0% 9.6% 3.3% 7.7% 1.4%
1982-91 5.6% 1.7% 6.9% 2.9% 6.0% 2.0%

Source:

Motor Vehicle Manufacturer'sAssociation, Motor Vehicle Facts and Figures '92, Detroit, MI,
1992, p.53.

'Adjusted by the Consumer Price Inflation Index.
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CHAFFER 3

HIGHWAY MODE

This chapter presents data on highwaytransportation and is organized into eight

sections. The first Section compares data for ali types of highway transportation modes.

Section 3.2 presents statistics on automobiles. Truck data are presented in Section 3.3,

bus data in Section 3.4, and fleet data in Section 3.5. Federal regulations and standards

on fuel economy are included in Section 3.6. Section 3.7 reports data on vehicle

emissions. High-occupancy vehicle (HOV) lanes are the subject of Section 3.8.

Highway energy use represented 77.1% of transportation energy use in 1990. Of

the highway modes, automobiles" had the greatest share of energy use, 41.6% (Table 3.1).

The automobiles" were also responsible for the majorityof vehicle miles traveled in 1990.

Light trucks with two axles and four tires have experienced a rapid increase in vehicle

miles traveled, an average of 6.9% annually from 1970 to 1990 (Table 3.2).

Automobile sales declined in 1991 to 8.2 million autos, dropping below 9 million

for the first time since 1982. Imports accounted for 24.9% of sales in 1991, declining from

a high of 31.1% in 1987 (Table 3.9). Fuel economy for the automobile population has

increased from 13.5 miles per gallon in 1970 to 20.9 miles per gallon in 1990 (Table 3.12).

As the older autos are scrapped, they are replaced with newer, more fuel efficient autos

which help to raise the population fuel economy. The sales-weighted fuel economy for

new automobiles remained at 27.6 mpg for 1990 and 1991 sales periods, as well as the first

six months of the 1992 sales period (Table 3.18).

Truck travel data are based mainly on the Truck Inventory and Use Survey (TIUS)

conducted by the U.S. Bureau of the Census. As part of the nation's economic surveys,

TIUS is required by law to be conducted every 5 years for the years ending in 2 and 7 to

provide data on the physical and operational characteristics of the nation's truck

population. The survey is based on a probability sample of private and commercial trucks

registered (or licensed) in each state. The most recent survey was conducted in 1987. In

addition to trucks, the following types of vehicles were also included in the 1987 survey:

minivans, vans, station wagons, and jeep-like vehicles. The 1977 and 1982 surveys did not

'Motorcycles are also included in this category.
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include those vehicle types. The estimated number of trucks that were within the scope of

the TIUS and registered in the U.S. as of July 1, 1987 was 44.6 million. These trucks

were estimated to have been driven a total of 529,315 million miles during 1987, an

increase of 40.3% from 1982. The average annual miles traveled per truck was estimated

at 11,900 miles.

School and other non-revenue buses accounted for more than 81% of ali 1990

buses in operation, but accounted for only 38% of bus energy use (Tables 3.29 and 3.32).

School buses have been the most efficient bus type on a vehicle-mile basis since 1970

(Table 3.32). Intercity buses travel more miles per bus than transit or school buses (Table

3.31).

Although the average Corporate Average Fuel Economy (CAFE) of automobiles

and light trucks has met the CAFE standard each year except 1984, there are still

manufacturerswho fall short of meeting the standard. The domestic automobile CAFE

estimate did not meet the 1992 standard,but the import estimate exceeded the standard,

pulling the combined automobile CAFE estimate above the standard (Table 3.36). The

fines collected for model year 1991 violations totalled more than 47 million dollars (Table

3.37). Since 1986 the Gas Guzzler tax has been assessed on automobiles with a fuel

economy rating of less than 22.5 miles per gallon. These tax rates, which remained

constant from 1986 to 1990, doubled in 1991 (Table 3.39).

The Federal emission control requirements for automobiles, light trucks, and heavy

trucks can be found in Section 3.7. These requirements were set by the Clean Air Act of

1990 (Tables 3.42 - 3.44) Because of the wide use of unleaded gasoline, the

transportation sector's share of lead emissions declined from a high of 87.9% in 1978 to

31% in 1990 (Table 3.45). The California Air Resources Board has declared emission

standards for California vehicles. In order to meet these standards it is suggested that ten

percent of the manufacturer's fleet in 1992 should be transitional low-emission vehicles,

which have more stringent standards than conventional vehicles. Low-emission vehicles

and ultra-low emission vehicles should then be phased into the fleet in 1997 (Table 3.46).

As many as 10% of the manufacturer'sfleet in the year 2003 should be zero-emission

vehicles in order to meet the emission standards.
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Table 3.1

Light Other Total Transportation
Autos' Buses trucks trucks highway energy usebYear

(percentage of total) (trillion Btu)

1970 55.8% 0.7% 10.1% 9.8% 76.3% 15,305

1971 56.5% 0.7% 10.6% 9.9% 77.6% 15,907

1972 56.6% 0.6% 11.2% 9.9% 78.3% 16,949

1973 55.6% 0.6% 11.8% 10.4% 78.4% 17,813

1974 55.3% 0.7% 12.2% 10.5% 78.7% 17,088

1975 55.5% 0.7% 12.9% 10.3% 79.5% 17,329

1976 54.6% 0.7% 13.7% 10.6% 79.6% 18389

1977 53.1% 0.7% 14.4% 11.3% 79.4% 19,071

1978 51.3% 0.7% 15.0% 12.1% 79.1% 2IU[B5

1979 48.5% 0.7% 15.4% 12.5% 77.0% 20,101

1980 46.9% 0.7% 15.3% 12.6% 75.5% 19,317

1981 47.0% 0.8% 15.5% 12.9% 76.2% 19,065

1982 47.5% 0.8% 16.0% 13.1% 77.4% 18,589

1983 46.9% 0.8% 17.1% 13.9% 78.6% 18,728

1984 44.7% 0.8% 18.1% 14.7% 78.3% 19,310

1985 44.2% 0.8% 18.5% 14.9% 78.4% 19,659

1986 44.2% 0.8% 18.7% 14.9% 78.5% 20,229

1987 42.9% 0.8% 19.5% 15.2% 78.3% 20,704

1988 42.3% 0.8% 19.3% 15.5% 77.9% 21,278

1989 42.0% 0.8% 19.2% 15.9% 77.9% 21,598

1990 41.6% 0.8% 19.1% 15.6% 77.1% 21,778

Soun_e:
See Appendix A for Table 2.10.

"Includesmotorcycles.
bDoe_ not includ_ off-highway and military transportation energy use.
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Although automobiles continued to be responsiblefor the majority of highway trave_ two.axle, four-
tire trucks had the fastest average growth in vehicle miles for 1970-90 and 1982-90.

Table 3.2
Highway by 1970-90

(matin
Two-axle, Other
four-tire single-unit Combination

Year Automobiles' Buses b trucks trucks trucks Total

1970 919,679 4,544 123,286 27,081 35,134 1_109,724

1971 969,947 4,792 137,870 28,985 37,217 1,178,811

1972 1,025,696 5,348 156,622 31,414 40,706 1,259,786

1973 1,051,175 5,792 176,833 33,661 45,649 1,313,110

1974 1,012,696 5,684 182,757 33,441 45,966 1,280,544

1975 1,039,579 6,055 200,700 34,606 46,724 1,327,664

1976 1,084,218 6,258 225,834 36,390 49,680 1,402,380

1977 1,115,592 5,823 250,591 39,339 55,682 1,467,027

1978 1,153,666 5,885 279,414 42,747 62,992 1,544,704

1979 1,122,277 5,947 291,905 42,012 66,992 1,529,133

1980 1,121,810 6,059 290,935 39,813 68,678 1,527,295

1981 1,141,517 6,241 296,343 39,568 69,134 1,552,803

1982 1,176,166 5,823 306,141 40,212 66,668 1,595,010

1983 1,206,783 5,199 327,643 43,409 69,754 1,652,788

1984 1,233,703 4,640 357,999 46,560 77,367 1,720,269

1985 1,269,651 4,876 373,072 46,980 79,600 1,774,179

1986 1,312,921 5,087 389,123 48,413 82,696 1,838,240

1987 1,364,836 5,318 415,449 49,537 86,064 1,921,204

1988 1,439,603 5,466 439,496 51,239 90,158 2,025,962

1989 1,488,140 5,659 454,339 52,969 95,349 2,096,456

1990 1,524,942 5,728 466,827 53,522 96,482 2,147,501

Average annual percentage change

1970-90 2.6% 1.2% 6.9% 3.5% 5.2% 3.4%

1982-90 3.3% -0.2% 5.4% 3.6% 4.7% 3.8%
Source:

U.S. Department of Transportation, Federal Highway Administration, Highway Statistics 1990,
Washington, DC, 1991, Table VM-1, p.192, and annual.

'Includes motorcycles.
Whe data do not correspond with vehicle miles of travel presented in the Bus section of this

chapter due to differing data sources.
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Table 3.3

Vehicle Stock and New Sales in United States, 1990 Calemlar Yeff'

New Sales
Vehicle

Stocl_' Domestic Import" Total

(thousands) (thousands) (thousands) (thousands)

A.ta_ _23_6 _ 04.2_) 7.,_t (25.8%) 9,3el (too.o_)

Two seaters 2,846 35 (20.1%) 139 (79.9%) 174 (100.0%)

Minicompact 3,759 0 (0.0%) 82 (100.0%) 82 (I00.0%)

Subcompact 28,608 1,014 (50.2%) 1,007 (49.8%) 2,021(100.0%)

Compact 32,940 2,338(73.4%) 846 (26.6%) 3,184(100.0%)

Midsize 35,079 2,214 (87.3%) 322 (12.7%) 2,536 (100.0%)

Large 20,045 1,296(99.3%) 9 (0.7%) 1,305(I00.0%)
f f

Fleets of ten or more 8,188" f
f f f

Personal autos 115,088

M_ 4,259. t40 (33.3%) 322(77.7%) 462000.0,_)

veJa,_ 56,o23 354000.0_) o (o.o_) 3540oo.t_t)

Truck_ 51,485 3,813 (87.4%) 551 (12.6%) 4,364 (100.0%)

Light 1,289 3,595 (87.2%) 527 (12.8%) 4,122 (100.0%)

Medium 1,289 33 (68.8%) 15 (31.3%) 48 (100.0%)

Light-heavy 952 19(82.6%) 4 (17.4%) 23 (100.0%)

Heavy-heavy 2,297 166 (97.1%) 5 (Z9%) 171 (100.0%)

Source:
See Appendix A for Table 3.3

"Totals may not equal sum of components due to rounding.
Wehicle stock as of July 1.
"Includes domestic-sponsored imports.
*These figures represent only those automobiles that could be matched to the Environmental Protection Agency size dasaes.
"Federal Government fleet data for 1990 were not available; therefore, the 1990 data were assume_._o be equal to the 1988

Federal Government fleet figures.
tData are not available.
'Includes mostly on-highway motorcycles. Many states do not require registration for off-highway vehicles.
_Trncks are classified by gross vehicle weight as follows: Light 0-10,000 pounds

Medium 10,001.19,500 pounds
Light-heavy 19,501-26,000 pounds
Heavy-heavy 26,001 pounds and over.
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I The average age of automobiles continued to increase in 1991 after remaining steady from 1985 to
!

1989. The average age gap between autos and trucks in 1991 was 0.2 years, as it was in 1990. The
median agefor both autos and trucks rose in 1991.
I I III I

Table 3.5
Average Age of Automobiles and 'rrm:ks in Use, 1970-1991

0em)

Automobiles Trucks
Calendar

year Mean Median Mean Median

1970 5.6 4.9 7.3 5.9
1971 5.7 5.1 7.4 6.1
1972 5.7 5.1 7.2 6.0
1973 5.7 5.1 6.9 5.8
1974 5.7 5.2 7.0 5.6
1975 6.0 5.4 6.9 5.8
1976 6.2 5.5 7.0 5.8
1977 6.2 5.6 6.9 5.7
1978 6.3 5.7 6.9 5.8
1979 6.4 5.9 6.9 5.9
1980 6.6 6.0 7.1 6.3
1981 6.9 6.0 7.5 6.5
1982 7.2 6.2 7.8 6.8
1983 7.4 6.5 8.1 7.2
1984 7.5 6.7 8.2 7.4
1985 7.6 6.9 8.1 7.6
1986 7.6 7.0 8.0 7.7
1987 7.6 6.9 8.0 7.8
1988 7.6 6.8 7.9 7.1
1989 7.6 6.5 7.9 6.7
1990 7.8 6.5 8.0 6.5
1991 7.9 6.7 8.1 6.8

Sourgg:

R. L. Polk and Co., Detroit, MI. FURTHER REPRODUCTION PROHIBITED.
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Table 3.6

ScrappageandS_ Ratesf_ AUtoln_'le_
Ali Truck&and Light Tntr_

Automobiles Ali Trucks Light Trucks
Vehicle (1978-89) (1978-89) (1978-88)

Age Scrappage Survival" Scrappage Survival -Scrappage Survival"
(Years) Rate Rate Rate Rate Rate Rate

0 0.0(g_ 1.000_ 0.00000 1.00008 0.00000 1.00000
1 0.00441 0.99559 0.00312 0.99688 0.00249 0.99751
2 0.00674 0.98888 0.00461 0.99228 0.00383 0.99369
3 0.01025 0.97874 0.00676 0.98557 0.00583 0.98790
4 0.01546 0.96361 0.00980 0.97591 0.00877 0.97923
5 0.02303 0.94142 0.01399 0.96226 0.01296 0.96654
6 0.03368 0.90971 0.01957 0.94343 0.01869 0.94848
7 0.04803 0.86602 0.02663 0.91830 0.02606 0.92376
8 0.06629 0.80861 0.03507 0.88609 0.03488 0.89154
9 0.08790 0.73753 0.04445 0.84671 0.04454 0.85182

10 0.11137 0.65539 0.05408 0.80092 0.05416 0.80569
11 0.13460 0.56717 0.06320 0.75030 0.06285 0.75505
12 0.15557 0.47894 0.07121 0.69687 0.07006 0.70215
13 0.17300 0.39608 0.07776 0.64268 0.07562 0.64905
14 0.18650 0.32221 0.08285 0.58944 0.07967 0.59734
15 0.19641 0.25893 0.08662 0.53838 0.08251 0.54805
16 0.20339 0.20626 0.08932 0.49029 0.08443 0.50178
17 0.20818 0.16332 0._122 0.44557 0.08571 0.45877
18 0.21140 0.12880 0.09253 0.40434 0.08655 0,41907
19 0.21353 0.10130 0.f,9343 0.36656 0.08710 0.38257
20 0.21493 0.07952 0.09403 0.33209 0.08745 0.34911
21 0.21585 0.06236 0.09444 0.30073 0.08768 0.31850
22 0.21644 0.04886 0.09471 0.27225 0.08783 0.29052
23 0.21683 0.03827 0.09490 0.24641 0.08793 0.26498
24 0.21708 0.02996 0.09502 0.22300 0.08799 0.24166
25 0.21724 0.02345 0.09510 0.20179 0.08803 0.22039

Soul't_-

Miaou, Shaw-Pin, "Studyof Vehicle Scrappage Rates," Oak Ridge National Laboratory,
Oak Ridge, TN, August 1990.
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Table 3.7

Sa_page and Sunh, al Ratm far Aatomebaea

Vehicle (1966-73) (1973-78) (1978-89)
Age mocrappage Survival Scrappage survival Scrappage Survival"

(Years) Rate Rate Rate Rate Rate Rate

0 0.00000 1.000_ O.O00(g) 1.00000 0.00000 1.00000
1 0.00115 0.99885 0.00347 0.99653 0.00441 0.99559
2 0.00244 0.99641 0.00589 0.99065 0.00674 0.98888
3 0.00513 0.99130 0.00993 0.98082 0.01025 0.97874
4 0.01069 0.98070 0.01656 0.96457 0.01546 0.96361
5 0.02182 0.95931 0.02714 0.93839 0.02303 0.94142
6 0.04283 0.91822 0.04329 0.89778 0.03368 0.90971
7 0.07844 0.84619 0.06633 0.83822 0.04803 0.86602
8 0.12895 0.73707 0.09627 0.75753 0.06629 0.80861
9 0.18510 0.60064 0.13071 0.65851 0.08790 0.73753

10 0.23288 0.46076 0.16524 0.54970 0.11137 0.65539
11 0.26512 0.33860 0.19538 0.44230 0.13460 0.56717
12 0.28362 0.24257 0.21867 0.34558 0.15557 0.47894
13 0.29327 0.17143 0.23503 0.26436 0.17300 0.39608
14 0.29804 0.12034 0.24577 0.19939 0.18650 0.32221
15 0.30034 0.08420 0.25251 0.14904 0.19641 0.25893
16 0.30144 0.05882 0.25662 0.11079 0.20339 0.20626
17 0.30196 0.04106 0.25908 0.08209 0.20818 0.16332
18 0.30221 0.02865 0.26054 0.06070 0.21140 0.12880
19 0.30232 0.01999 0.26140 0.04483 0.21353 0.10130
20 0.30238 0.01394 0.26190 0.03309 0.21493 0.07952
21 0.30240 0.00973 0.26220 0.02442 0.21585 0.06236
22 0.30241 0.00679 0.26237 0.01801 0.21644 0.04886
23 0.30242 0.00473 0.26247 0.01328 0.21683 0.03827
24 0.30242 0.00330 0.26253 0.00980 0.21708 0.02996
25 0.30242 0.00230 0.26257 0.00722 0.21724 0.02345

Soul'Ce:

Miaou, Shaw-Pin, "Studyof Vehicle Scrappage Rates," Oak Ridge National Laboratory,
Oak Ridge, TN, August 1990.
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Table 3.8.

Scrappageand_ Ratel forAliTrud_

Vehicle (1966-73) (1973-78) (1978-89)
Age Scrappage Survival- Scrappage Survival' Scrappage survival

(Years) Rate Rate Rate Rate Rate Rate

0 0.00000 1.00000 0.00000 1.00000 0.00000 1._
1 0.00582 0.99418 0.00505 0.99495 0.00312 0.99688
2 0.00814 0.98608 0.00698 0.98801 0.00461 0.99228
3 0.01129 0.97495 0.00958 0.97854 0.00676 0.98557
4 0.01550 0.95983 0.01306 0.96576 0.00980 0.97591
5 0.02101 0.93967 0.01762 0.94873 0.01399 0.96226
6 0.02798 0.91337 0.02347 0.92647 0.01957 0.94343
7 0.03649 0.88005 0.03073 0.89800 0.02663 0.91830
8 0.04638 0.83923 0.03943 0.86260 0.03507 0.88609
9 0.05730 0.79114 0.04940 0.81999 0.04445 0.84671

10 0.06863 0.73685 0.06026 0.77058 0.05408 0.80092
11 0.07970 0.67812 0.07147 0.71551 0.06320 0.75030
12 0.08987 0.61718 0.08239 0.65656 0.07121 0.69687
13 0.09872 0.55625 0.09247 0.59585 0.07776 0.64268
14 O.10605 0.49726 O.10130 0.53548 0.08285 0.58944
15 0.11189 0.44162 0.10871 0.47727 0.08662 0.53838
16 O.11638 0.39023 O.11468 0.42254 0.08932 0.49029
17 0.11976 0.34349 0.11936 0.37210 0.09122 0.44557
18 O.12225 0.30150 O.12294 0.32636 0.09253 0.40434
19 0.12406 0.26410 0.12562 0.28536 0.09343 0.36656
20 0.12536 0.23099 0.12761 0.24894 0.09403 0.33209
21 0.12629 0.20182 0.12906 0.21681 0.09444 0.30073
22 0.12696 0.17620 0.13012 0.18860 0.09471 0.27225
23 0.12743 0.15374 0.13089 0.16392 0.09490 0.24641
24 0.12776 0.13410 0.13144 0.14237 0.09502 0.22300
25 0.12799 0.11694 0.13183 0.12360 0.09510 0.20179

Sou[ge:

Miaou, Shaw-Pin, "Studyof Vehicle Scrappage Rates," Oak Ridge National Laboratory,
Oak Ridge, TN, August 1990.
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Section 3.2.
Automobiles
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Although the import share of foml retail automobile sales t_opped to 24.9% in 1991, the pocentage of |
[]

transplant sales increased by nearly 3% in the same time period. Total sales in 1991 dropped below 9 million !for the ftrst time since 1982.

Table 3.9
New Retail Automobile ,Sales in the United Slates, 1970-91

Percentage Percentage
Calendar Domestic Import" Total Percentage transplants_ on imports and Percentage

year (thousands) import model year basis transplants diesel

1970 7,119 1,285 8,404 15.3 c c c
1971 8,681 1,568 10,249 15.3 ° c 0.06
1972 9,327 1,623 10,950 14.8 c c 0.05
1973 9,676 1,763 11,439 15.4 ¢ _ 0.06
1974 7,454 1,399 8,853 15.8 ¢ c 0.20
1975 7,053 1,571 8,624 18.2 ¢ _ 0.31
1976 8,611 1,499 10,110 14.8 0.0 14.8 0.22
1977 9,109 2,074 11,183 18.5 0.0 18.5 0.34
1978 9,312 2,002 11,314 17.7 0.0 17.7 1.02
1979 8,341 2,332 10,673 21.8 1.3 23.1 2.54
1980 6,581 2,398 8,979 26.7 2.1 28.8 4.31
1981 6,209 2,327 8,536 27.3 1.8 29.1 6.10
1982 5,759 2,223 7,982 27.9 1.4 29.3 4.44
1983 6,795 2,387 9,182 26.0 1.3 27.3 2.09
1984 7,952 2,439 10,391 23.5 2.0 25.5 1.45
1985 8,205 2,838 11,043 25.7 2.2 27.9 0.82
1986 8,215 3,238 11,453 28.3 2.8 31.1 0.37
1987 7,081 3,197 10,278 31.1 5.2 36.3 0.16
1988 7,526 3,099 10,626 29.2 5.8 35.0 0.01
1989 7,073 2,825 9,898 28.5 7.3 35.8 0.13
1990 6,897 2,404 9,301 25.8 11.2 37.0 0.08
1991 6,137 2,038 8,175 24.9 13.7 38.6 0.13

Average annual percentage change
1970-91 -0.7% 2.2% -0.1%
1982-91 0.7% -1.0% 0.3%

_Ul'gCS"

Domestic and import data - Motor Vehicle Manufacturers Association, Motor Vehicle Facts and Figures '92,
Detroit, MI, 1992, p. 16, and annual.

Diesel data - H. A. Stark (ed), Ward's Communications, Inc., Ward'sAutomotive Yearbook, Detroit, MI, 1992,
p. 57, and annual.

Transplant data - Oak Ridge National Laboratory, Light-Duty Vehicle MPG and Market Shares Data System,
Oak Ridge, TN, 1992

*Does not include import tourist deliveries.

bA transplant is an automobile which was built in the U.S. by a foreign firm. Also included are joint
ventures which are built in the U.S.

_Data are not available.
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Compared to 1970, the automobile population has smiled toward older automobiles in 1991. Fifty
percent of the automobile population in 1970 was 4.9years old or older while half of the automobile
population in 1990 was 6.7years old or older. The percent of cars 10 years old and older has nearly
tripled from 11.7% in 1970to 30.7% in 1991.

II I IlllP i lm I

Table 3.10
.Jmtomobflcs iii Use by Age,, 1970 and 1991

1970 1991

Age Vehicles ' _.tual Cumulative Vehicles Actual Cunlulative'
(years) (thousands) percentage percentage (thousands) percentage percentage

Under 1° 6,288 7.8 7.8 5,763 4.7 4.7
1 9,299 11.6 19.4 8,696 7.1 11.7
2 8,816 11.0 30.3 9,713 7.9 19.6
3 7,878 9.8 40.1 10,124 8.7 27.8
4 8,538 10.6 50.8 10,049 8.1 36.0
5 8,506 10.6 61.3 10,214 8.3 44.2
6 7,116 8.8 70.2 9,732 7.9 52.1
7 6,268 7.8 78.0 9,208 7.5 59.6
8 5,058 6.3 84.3 6,543 5.3 64.9
9 3,267 4.1 88.3 5,721 4.6 69.5

10 2,776 3.5 91.8 5,673 4.6 74.1

11 1,692 2.1 93.9 5,326 4.3 78.5
12 799 1.0 94.9 5,743 4.7 83.1
13 996 1.2 96.1 4,891 4.0 87.1
14 794 1.0 97.1 3,759 3.0 90.1

15 and older 2,33F_ 2.9 100.0 12,167 9.9 100.0

Subtotal "8[1-,',',',',',','_"[[g37ff" _ 100.O

Age not givenb 22 6
Total 80,449

Average age 5.55 7.91
Median age 4.93 6.73

Source:
R. L. Polk and Co., Detroit, MI. FURTHER REPRODLICYrloIqPROHIBH'ED.

'Automobiles sold as of July 1 of each year.
bApproximately22,000 automobiles in 1970 and 6,000 in 1991 could not be classified by age.
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, II

lh 1991, automobiles 5years old andyotmger accounted for 53% ofaU automobile travel Although I

I

70% of ali automobiles in operation in 1991 were less than 10 years old, those autos were Iresponsible for 78% of automobile travel

Table3.11

AntomobaetinOiwaatioa
andVehiaeTmwabyAgeof Vehk 1991

Number in operation Estimated vehicle travelVehicle

age Vehicles Actual Cu,aulative Actual Cumulative
(years) (thousands) percentage percentage percentage percentage

Under 1' 5,763 4.7 4.7 5.9 5.9
1 8,696 7.1 11.7 9.3 15.2
2 9,713 7.9 19.6 9.8 25.0
3 10,124 8.2 27.8 9.8 34.7
4 10,049 8.1 36.0 9.2 44.0
5 10,214 8.3 44.2 8.6 52.6
6 9,732 7.9 52.1 8.4 61.0
7 9,208 7.5 59.6 7.3 68.3
8 6,543 5.3 64.9 5.4 73.7
9 5,721 4.6 69.5 4.1 77.8
10 5,673 4.6 74.1 4.1 81.8
11 5,326 4.3 78.5 3.6 85.4
12 5,743 4.7 83.1 3.6 89.0
13 4,891 4.0 87.1 2.9 91.9
14 3,759 3.0 90.1 2.2 94.1

15 and older 12,167 9.9 100.0 5.9 100.0

Subtotal 123,322 100.0 100.0

Age not givenb 6

Total 123,328

Souroes:

Number of vehicles in operation by age - R. L. Polk and Company, Detroit, MI. FURTHER
REPRODUCTION PROHIBrI'ED.

Vehicle travel - Average annual miles per auto by age were multiplied by the number of vehicles
in operation by age to estimate the vehicle travel. Average annual miles per auto by age -
generated by ORNL from the 1988 Residential Transportation Enerev Consumption Surv_ public
use tape, provided by the U.S. Department of Energy, Energy Information Administration, Office
of Markets and End Use, Energy End Use Division, 1990.

'Automobiles sold as of July 1, 1991.
bApproximately6,000 automobiles could not be classified by age.
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While automobile registrations remained relative_ the same from 1989 to 1990 (0.4% increase),
automobile travel increased by Z5% in th/sper/od. Thefue/economy[or the automobile population
reached nearly 21 miles per gallon in 1990, as the older autos are scrappe_ they are replaced by
newer fuel efftcient autos which raises the potadagion fuel economy.

Table 3.12
smmaff st=i=ia can, two-9o

Registrations' Vehicle travel Fuel use Fuel economyb
Year (thousands) (million miles) (million gallons) (miles per gallon)

1970 89,244 916,700 67,820 13.5
1971 92,718 966,340 71,351 13.5
1972 97,082 1,021,365 76,222 13.4
1973 101,985 1,045,981 78,668 13.3
1974 104,856 1,007,251 75,083 13.4
1975 106,704 1,033,950 76,447 13.5
1976 110,189 1,078,215 79,693 13.5
1977 112,288 1,109,243 80,397 13.8
1978 116,573 1,146,508 81,661 14.0
1979 118,429 1,113,640 77,304 14.4
1980 121,601 1,111,596 71,883 15.5
1981 123,098 1,130,827 70,954 15.9
1982 123,902 1,166,256 70,062 16.7
1983 126,444 1,198,023 69,906 17.1
1984 128,158 1,224,919 68,717 17.8
1985 131,864 1,260,565 69,268 18.2
1986 135,431 1,301,214 71,216 18.3
1987 137,208 1,335,330 70,573 19.2
1988 141,252 1,429,579 71,949 19.9
1989 143,026 1,477,769 72,749 20.3
1990 143,550 1,515,370 72,435 20.9

Average annual percentage change

1970-90 2.4% 2.5% 0.3% 2.2%
1982-90 1.9% 3.3% 0.4% 2.8%

Sound:

Department of Transportation, Federal Highway Administration, Highway Statistics 1990,
Washington, DC, 1991, Table VM-1, p. 192, and annual.

'This number differs from R. L. Polk's estimates of "number of automobiles in use." See
Table 3.4.

bFuei economy for automobile population.
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The data from the Nationwide Personal Transportation Study (NPTS) is based on estimates by survey

respondents. The Residential Transportation Energy Consumption Survey (RTECS) data, which
represents actual odometer readings of automobUes, hds little bias from respondent estimations and,
therefore, is the preferred dat_

lr I IIII I Ill

Table 3.13

Awaage Annual Miles Per Antonmbile by Antoembne Age

Nationwide Personal Residential Transportation

Vehicle age . , Transportation Stud_ Energy Consumption Surveyb
(years) 1969 1977 1983 '1990 1983 1985 1988

Under 1 17,500 1".,800 14,200 19,800 13,400 12,700 12,900
1 16,100 13,400 17,000 16,900 13,000 13,000 13,400
2 13,200 13,400 14,000 16,300 12,700 12,600 12,600
3 11,400 12,100 12,500 14,400 12,100 12,400 12,100
4 11,700 11,300 11,400 13,800 11,300 11,100 11,500
5 10,000 10,700 11,000 12,600 9,700 10,600 10,600
6 10,300 10,500 9,900 12,900 9,700 10,000 10,800
7 8,600 9,500 9,400 12,400 9,500 9,700 10,000
8 10,900 8,600 8,700 12,300 8,700 8,900 10,300
9 8,000 8,800 8,100 11,200 8,400 8,600 8,900

10 and older 6,500 7,100 6,900 9,300 8,700 8,400 7,500

Ali vehicles 11,600 10,300 10,400 12,600 9,400 9,900 10,200

Sourues:

Nationwide Personal Transportation Study - 1969-83: D. Klinger and J. Richard Kuzmyak,
COMSIS Corporation, Personal Travel in the United State, Volume 1:1983-84 Nationwide
Personal Travel Study,"prepared for the U.S. Department of Transportation, Washington, DC,
August 1986, Table 4-22, p. 4-21.
1990: U.S. Department of Transportation, Federal Highway Administration, Office of Highway
Information Management, Nationwide Personal Transportation Study, Public Use Tape, 1991.

Residential Transportation Energy Consumption Survey - Energy Information Agency, Office of
Markets and End Use, Energy End Use Division, 1983, 1985, and 1988 Residential Transportation
Ener_v Consumption Survey, Public Use Tapes.

'Includes only auto vehicles (standard auto, station wagon, taxi, and van-bus/minibus) owned by
or available to the household on a regular basis.

bIncludes ali household vehicles - automobiles, station wagons, pick-up trucks, vans, and utility
vehicles.
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I

The average weight of the domestic automobile has been reduced 359 pounds from 1978 to 1992. I
i

Much of this weight reduction was due to the declining use of conventional steel and iron and the Iincreasing use of aluminum and plastics. Conventional stee_ however, remained the predominant
component of automobiles in 1992 with a 44% share of total materials.

"l_ble 3.14
Avt-'-,-._IeMaterialConsumptionfara DomesUc Aummobne,

I_ 1984, and _992

1978 1984 1992

Material Pounds Percentage Pounds Percentage Pounds Percentage

Conventional steel 1,880.0 53.8 1,487.5 47.3 1,379.0 44.0
High-strength st_l 127.5 3.6 214.0 6.8 247.0 7.9
Stainless steel 25.0 0.7 29.0 0.9 41.5 1.3
Other steels 56.0 1.6 45.0 1.4 42.0 1.3
Iron 503.0 14.4 454.5 14.5 429.5 13.7
Aluminum 112.0 3.2 137.0 4.4 173.5 5.5
Rubber 141.5 4.1 133.5 4.2 133.0 4.2
Plastics/Composites 176.0 5.0 206.5 6.6 243.0 7.7
Glass 88.0 2.5 87.0 2.8 88.0 2.8

Copper 39.5 1.1 44.0 1.4 45.0 1.4
Zinc die castings 28.0 0.8 17.0 0.5 16.0 0.5
Power metal parts 16.0 0.5 18.5 0.6 25.0 0.8
Fluids & lubricants 189.0 5.4 180.0 5.7 177.0 5.6
Other materials 112.5 3.2 88.0 2.8 96.0 3.1

Total 3,494.0 100.0 3,141.5 100.0 3,135.5 100.0

Source:

H. A. Stark (ed), Ward's Communications, Inc., Wards Automotive Yearbook, Detroit, MI, 1992,
p. 36, and annual.
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Table3.15

SWeghtod of and M Ctm
Sales Periods 19"/6-1992

(cubic inches - 1 Uteg - 61.026 cubic inches)

Model Minicompact Subcompact Compact Midslzc Larp Twos eater l_myear

76 163.1 304.9 357.0 414.2 176.2 298.5

77 120.8 166.4 292.4 333.5 367.2 171.6 278.3

78 125.5 162.8 241.0 298.6 376.3 183.8 264.4

79 113.2 146.0 228.5 268.9 339.4 168.8 230.8

80 115.8 128.2 184.8 237.9 312.3 170.0 196.5

81 96.1 124.6 134.2 221.2 304.8 151.7 182.0

82 93.5 127.2 129.3 212.0 288.4 147.2 176.1

83 97.8 133.6 134.3 210.3 302.0 153.8 182.1

84 132.7 135.3 135.1 207.3 297.1 152.4 181.2

85 118.8 139.8 138.8 205.5 283.6 150.9 178.3

86 88.4 133.6 134.6 194.9 267.3 172.5 168.3

87 90.2 133.4 134.4 182.4 266.3 157.1 163.5

88 92.5 125.0 135.1 183.1 263.4 167.9 162.2

89 155.2 127.0 128.8 183.5 263.1 171.3 163.5

90 147.7 119.6 137.5 190.7 264.3 157.0 166.1

91 132.6 120.2 135.8 192.9 268.3 163.1 166.2

92_ 108.4 122.4 138.6 196.9 264.5 173.9 167.5
i

Source:
Hu, Patricia S. and An Lu, "Light-Duty Vehicle Summary: First Six Months of Sales Period 1992,"
Working Paper, Oak Ridge National Laboratory, Oak Ridge, TN, July 1992, p. 31.

• These figures represent sales for the first six months of the 1992 sales period (October 91 through
March 92).
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Tsblc 3.16

Sales-Weighted Curb Weight of Domestic and Import Automobiles by Size
Saks P_ 1976.1992

(pouuas)

Model

Minicompact Subcompact Compact Midsizc Large Two scarer lqcm

76 2,577.2 3,608.7 4,046.1 4,562.7 2,624.1 3,608.0

77 2,228.0 2,586.3 3,549.8 3,900.3 4,025.8 2,608.1 3,424.4

78 2,199.6 2,444.3 3,137.5 3,426.8 3,955.7 2,762.5 3,196.5

79 2,120.1 2,366.7 3,048.0 3,286.7 3,763.4 2,699.1 3,000.4

80 2,154.3 2,270.4 2,812.5 3,080.9 3,667.4 2,713.6 2,790.3

81 1,919.8 2,370.5 2,381.7 2,995.7 3,671.8 2,583.0 2,744.3

82 2,002.1 2,301.7 2,421.8 2,991.9 3,702.8 2,524.8 2,729.8

83 2,072.0 2,333.9 2,441.3 3,026.5 3,779.0 2,662.5 2,787.9

84 2,375.9 2,380.4 2,453.7 2,990.0 3,733.6 2,559.3 2,787.7

85 2,210.8 2,391.8 2,464.3 2,953.6 3,575.4 2,538.6 2,743.4

86 2,120.3 2,414.8 2,431.5 2,856.7 3,451.2 2,574.5 2,675.3

87 1,959.7 2,422.5 2,474.0 2,856.8 3,483.0 2,601.8 2,688.5

88 1,932.7 2,346.3 2,558.1 2,880.3 3,487.3 2,693.0 2,716.8

89 2,575.8 2,357.3 2,517.1 2,984.5 3,495.7 2,734.9 2,759.6

90 2,650.7 2,368.4 2,637.2 3,065.3 3,593.9 2,656.3 2,827.7

91 2,583.6 2,405.8 2,652.1 3,084.7 3,649.6 2,707.3 2,848.2

92" 2,335.9 2,364.7 2,722.2 3,161.1 3,652.5 2,888.0 2,878.0

Somrl_:

Hu, Patricia S. and An Lu, "Light-Duty Vehicle Summary: First Six Months of Sales Period 1992,"
Working Paper, Oak Ridge National Laboratory, Oak Ridge, TN, July 1992, p. 33.

• These figures represent sales for the first six months of the 1992 sales period (October 91 through
March 92).
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Table3.17

Sak_-Wdghtedlntcrk_SpaceofDomm_andImportAutomobUm_. S_c
Sales Pcriods 197&.1992

(cuUk ee_)

Model M/nlcomlm_ Subcompact Compact Midsizc LarllC Two scatc_ Fkct
r_r ( < as) (ss-_) Ooo.tog) Oto-llg) ( > t_) .....

76'

77 78.8 89.8 107.1 113.0 128.0 107.9

78 79.4 89.8 105.3 112.9 128.5 107.9

?9 80.0 90.2 105.8 113.4 130.I 106.9

80 82.4 89.9 105.4 113.5 130.8 104.9

81 83.3 90.2 103.6 113.7 130.6 105.5

82 83.1 91.3 102.9 113.9 130.4 106.0

83 82.7 93.3 103.0 113.1 131.3 107.3

84 77.0 93.8 103.0 113.3 130.7 108.0

as 77.8 94.1 103.1 113.5 129.7 107.9

86 80.1 94.5 102.8 113.8 127.6 107.0

87 81.6 93.1 103.0 113.9 127.5 106.9

88 81.0 93.5 103.3 113.6 127.2 107.0

89 75.0 93.3 102.7 113.8 127.4 107.5

90 79.9 93.9 103.2 113.8 127.8 107.3

91 79.6 94.4 103.2 113.8 128.3 107.1

92' 79.1 93.8 104.0 114.2 129.2 107.3

Source:
Hu, Patricia S. and An Lu, "Light-DutyVehicle Summary: First Six Months of Sales Period 1992,"
Working Paper, Oak Ridge National Laboratory, Oak Ridge, TN, July 1992, p. 35.

• Interior volumes of two seaters are not reported to EPA.
b Data not available.

These figures represent sales for the first six months of the 1992 sales period (October 91 through
March 92).
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Section 3.3
Trucks
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I III I_-_

Although light truck sales h_ve been declining since 1988, their share of total truck sales has been I

!

growing. In 1991 light trucks accounted for 9 _.5% of ali truck sales, and 33.5% of ali light-duly Ivehicle sales.

I II Ill [

Table 3.19

New _ Srd_ of Light Trucks in the United Stat¢_ 1970-91

Percentages

Light truck Import Diesel Four-wheel drive Lighttrucks Light trucks
Calendar sales" of totaP of total on domestic of light.duty of total

Year (thousands) light truck light truck light trucks vehicle sales c truck sales

1970 1,463 4.5 d • 14.8 80.4
1971 1,757 4.8 c _ 14.6 83.4
1972 2,239 6.4 _ d 16.7 83.3
1973 2,745 8.5 , d 18.8 84.2
1974 2,338 7.5 _ 18.0 20.3 84.2
1975 2'281 10.0 c 23.4 20.1 87.9
1976 2,956 8.0 c 23.8 22.0 89.8
19"77 3,439 9.4 _ 24.6 22.8 89.7
1978 3,808 8.8 1.0 28.5 24.5 89.2
1979 3,311 14.1 1.0 29.4 72.4 88.7
1980 2,440 19.7 3.2 20.7 19.8 88.9
1981 2,1_9 20.3 3.3 18.6 19.2 89.8
1982 2,470 16.5 5.0 16.8 23.0 92.8
1983 2,984 15.6 4.0 28.5 24.2 93.6
1984 3,863 15.7 3.8 27.0 26.9 93.0
1.085 4,458 17.2 3.3 29.1 28.7 93.6
1986 4,594 20.1 2.6 27.0 28.6 94.3
1987 4,610 _7.9 2.3 32.0 31.0 93.9
1988 4,800 12.6 2.0 32.1 31.1 93.2
1989 4,610 10.9 2.1 26.9" 31.8 93.3
1990 4,548 13.2 2.2_ 19.8" 32.8 93.9
1991 4,i23 12.8 2.2" 30.2" 33.5 94.5

Average annual percentage change
1970-91 5.1%
1982-91 5.9%

Four-wheel drive - 1970..88: H.A. Stark (exl.), Ward's Communications, Inc., Ward's Automotive Yearboo.k.,
Detroit, MI, 1989, p. 168, and annual.

1989-91: Ho A. Stark (exl.), Ward's Communications, Inc., Ward's Automotive Reports, Factory Installation
Report, Detroit, MI, 1992.

Ali other - Motor Vehicle Manufacturers Association, Motor Vehicle Facts and Figure.s '92, Detroit, MI,
1992, pp. 7, 16, 17, and annual.

•Includes domestic, domestic-sponsc:ed import, and import trucks of 10,000 pounds gro_ vehicle weight and
lee_s.

bIncludes transports.
cLight-duty vehicle.s include cars and light trucks.
'Indicates less than I percent.
"Data are not available.

tBased on fa,'.lory installations.
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Although the average age of trucks has increased by only 0.79 years from 1970 to 1990, the
percentage of trucks ten years old or older has grown from 29.2% in 1970 to 35.0% in 1990.

Table 3.21

1970 1991

Age Vehicles Actual Cumulative Vehicles Actual Cumulative
(years) (thousands) percentage percentage (thousands) percentage percentage

ii

Under.l" 1,262 7.1 7.1 2,919 5.0 5.0
1 1,881 10.6 17.8 4,187 7.2 12.2
2 1,536 8.7 26.5 4,913 8.4 20.7
3 1,428 8.1 34.6 4,922 8.5 29.1
4 1,483 8.4 43.0 4,414 7.6 36.7
5 1,339 7.6 50.5 4,670 8.0 44.7
6 1,154 6.5 57.1 4,041 6.9 51.7
7 975 5.5 62.6 3,572 6.1 57.8
8 826 4.7 67.3 2,279 3.9 61.7
9 621 3.5 70.8 1,917 3.3 65.0

10 658 3.7 74.5 1,708 2.9 68.0
11 583 3.3 77.8 1,625 2.8 70.8
12 383 2.2 80.0 2,854 4.9 75.7
13 417 2.4 82.3 2,508 4.3 80.0
14 414 2.3 84.7 2,094 3.6 83.6

15 and older 2,710 15.3 100.0 9,552 16.4 100.0
i

Subtotal 17,670 100.0 58,175 100.0

Age not givenb 15 3

Total 17,685 58,178

Average age 7.33 8.12
Median age 5.93 6.76

Souroe:
R. L Polk and Co., Detroit, MI. FURTHER REPRODUCTION PROHIBITED.

"Truckssold as of July 1 of each year.
bApproximately 15,000 trucks in 1970 and 3,000 in 1991 could not be classified by age.
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Data from the 1987 TIUS (the most recent data available on national ouck popu_

characteristics) were used to estimate 1991 truck travel pattems by vehicle age group. Trucks which
were lOyears old or older accounted]or 35% of the truck population but represented only 20.5% of
total truck travel in 1991.

Table3.22
Tma ,.OWaon

by of
Number in operation Estimated vehicle travel Average

Vehicle annual
age Vehicles Actual Cumulative Actual Cumulative miles per

(years) (thousands) percentage percentage percentage percentage vehicle

Under 1° 2,919 5.0 5.0 6.3 6.3 14,900.5
1 4,187 7.2 12.2 10.2 16.5 16,852.8
2 4,913 8.4 20.7 11.9 28.4 16,719.0
3 4,922 8.5 29.1 11.5 39.9 16,074.2
4 4,414 7.6 36.7 8.9 48.8 14,005.1
5 4,670 8.0 44.7 9.4 58.2 13,952.4
6 4,041 6.9 51.7 8.0 66.2 13,687.0
7 3,572 6.1 57.8 6.5 72.8 12,643.5
8 2,279 3.9 61.7 3.8 76.5 11,387.2
9 1,917 3.3 65.0 3.0 79.5 10,665.3
10 20,341 35.0 100.0 20....._55 100.0 6,960.1

Subtotal 58,175 100.0 100.0

Age not givenb 3

Total 58,178

Sources:
Number of trucks in operation by age - R. L. Polk and Company, Detroit, MI. FUR'ITIF_J_

REPRODUCTION PROHIBITED.
Vehicle travel - The average annual vehicle miles per truck by age were multiplied by the

number of trucks in operation by age to estimate the vehicle travel. Average annual miles per
truck by age were generated by ORNL from the 1987 Truck Inventor), and Use Survey public use
tape provided by U.S. Department of Commerce, Bureau of the Census, Washington, DC, 1990.

"Trucks sold as of July 1, 1991.
bApproximately 3,000 vehicles could not be classified by age.
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Two-arl_ four.tire truck average fuel economy etceated 14 mpg for the ftrst time in 1990. Becmae
the more fuel efftcient trucks are entering thepolmlat_ the fuel use for two-atle, four.tire trucks has
grownata slowerratethanthevehicletravelTheseuucksarebeingdrivenlongerdistanceseach
year,asevidencedbya greaterincreaseintravelthaninregistrationa.

'" ' _ II l II l l

Table3.24

_mmatmy Statlstksflx"lWo-Axte,Four-'rileTracts,1970-90

Registrations Vehicle travel Fuel use Fuel economy
Year (thousands) (million miles) (million gallons) (miles per gallon)

1970 14,211 123,286 12,313 10.0
1971 15,181 137,870 13,484 10.2
1972 16,428 156,622 15,150 10.3
1973 18,083 176,833 16,828 10.5
1974 19,335 182,757 16,657 11.0
1975 20,418 200,700 17,903 11.2
1976 22,301 225,834 20,164 11.2
1977 23,624 250,591 21,055 11.4
1978 25,476 279,414 24,055 11.6
1979 27,022 291,905 24,742 11.8
1980 27,876 290,935 23,594 12.3
1981 28,928 296,343 23,697 12.5
1982 29,792 306,141 23,845 12.8
1983 31,214 327,643 25,556 12.8
1984 32,106 357,999 27,687" 12.9
1985 33,865 373,072 29,021 12.9
1986 34,820 389,047 30,265 12.9
1987 35,841 415,449 32,266 12.9
1988 37,096 439,496 32,803 13.4
1989 37,918 454,339 33,005 13.8
1990 38,652 466,827 33,140 14.1

Average annual percentage change

1970-90 5.1% 6.9% 5.1% 1.7%
1982-90 3.3% 5.4% 4.2% 1.2%

Source:

U.S. Department of Transportation, Federal Highway Administration, Highway Statistics 1.990,
Washington, DC, 1991, Table VM-1, p. 192, and annual.
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Althoughregistrationsandvehicletravelforothersingle.unittrucksrosefrom1989to1990,fueluse[
declinedslightlyduetotheincreaseinaveragefueleconomy,The"othersingle.unittruck"sectorhas

lgrownatslowerratesthanthetwo.axle,four.tireuucksandthecombinationtrucksfrom1970to
1990.(SeeFigure3.10.)
i i li lllll H I lI

Table 3.2S

Summasy Statistics for Othea' SlnO_Unit _, 1970-90

Registrations Vehicle travel Fuel use Fuel economy
Year (thousands) (million miles) (million gallons) (miles per gallon)

1970 3,681 27,081 3,968 6.8
1971 3,770 28,985 4,212 6.9
1972 3,918 31,414 4,560 6.9
1973 4,131 33,661 4,859 6.9
1974 4,211 33,441 4,687 7.1
1975 4,232 34,606 4,825 7.2
1976 4,350 36,390 5,140 7.1
1977 4,450 39,339 5,559 7.1
1978 4,518 42,727 6,106 7.0
1979 4,505 42,012 6,036 7.0
1980 4,374 39,813 5,557 7.2
1981 4,455 39,568 5,574 7.1
1982 4,325 40,212 5,661 7.1
1983 4,204 43,409 6,118 7.1
1984 4,061 46,560 6,582 7.1
1985 3,927 46,980 6,735 7.0
1986 3,850 48,308 6,929 7.0
1987 3,884 49,537 7,091 7.0
1988 3,957 51,239 7,260 7.1
1989 4,103 52,969 7,413 7.2
1990 4,220 53,522 7,339 7.3

Average annual percentage change

1970-90 0.7% 3.5% 3.1% 0.4%
1982-90 -0.3% 3.6% 3.3% 0.3%

Source:

U.S. Department of Transportation, Federal Highway Administration, Highway Statistics 1990,
Washington, DC, 1991, Table VM-1, p. 192, and annual.

"Other single-unit trucks are defined as ali single-unit trucks with more than two axles or more
than four tires.
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he average miles traveled per combination truck (vehicle travel divided by rt_trations) has

i

increased from 38,822 miles in 1970 to 60,039 miles in 1990. Since the fuel economy for
combination truck has increased by only O.7 miles per gallon in this time peri_ _el use has
increased nearly as much as the vehicle travel

I

T_t_ 3.26

Summuy Suttist_ Jot'_t_ _ 1970-90

m i

Registrations Vehicle travel Fuel use Fuel economy'
Year (thousands) (million miles) (million gallons) (miles per gallon)

1970 905 35,134 7,347 4.8
1971 919 37,217 7,595 4.9
1972 961 40,706 8,120 5.0
1973 1,029 45,649 9,026 5.1
1974 1,085 45,966 8,800 5.2
1975 1,131 46,724 8,653 5.4
1976 1,225 49,680 9,536 5.2
1977 1,240 55,683 10,673 5.2
1978 1'342 62,992 12,113 5.2
1979 1,386 66,992 12,864 5.2
1980 1,417 68,678 12,703 5.4
1981 1,261 69,134 12,960 5.3
1982 1,265 66,668 12,636 5.3
1983 1,304 69,754 13,447 5.2
1984 1,340 77,367 14,781 5.2
1985 1,403 79,600 15,280 5.2
1986 1,399 81,833 15,716 5.2
1987 1,419 86,064 16,493 5.2
1988 1,476 90,158 17,123 5.3
1989 1,589 95,349 17,495 5.5
1990 1,607 96,482 17,577 5.5

Average annual percentage change

1970-90 2.9% 5.2% 4.5% 0.7%
1982-90 3.0% 4.7% 4.2% 0.5%

Source:

Department of Transportalion, Federal Highway Administration, Highway Statistics 1990,
Washington, DC, 1991, Table VM-I, p. 192, and annual.

"Thefuel economy for combination trucks is not the same as the fuel economy for Class 8 trucks.
economy for Class 8 trucks is shown in Table 3.25.
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Table 3.27

Tm_k_ _ _yS_ C_l 1977,tgaZ,_d 1gS7
(_ perS.Uo,.)

................. iii i IIIMMI I

1977 1982 1987

Size Class Weight TIUS* TIUS' TIUS'
iii iii i i i

Class 1 6,000 pounds and less 13.2 14.2 15.0
Class 2 6,001-10,000 pounds 11.5 11.1 10.9
Class 3 10,000-14,000 pounds 9.4 &l 8.1
Class 4 14,001-16,000 pounds 6.9 7.5 7.5
Class 5 16,001-19,500 pounds 7.6 7.2 7.1
Class 6 19,501-26,000 pounds 6.1 6.9 6.4
Class 7 26,001-33,000 pounds 5.3 6.2 6.1
Class 8 33,001 and over 4.8 5.2 5.3

ii i

Sowce:

Estimates are based on data provided on the following public use tapes: U.S. Department
of Commerce, Bureau of the Census, 1977 Census of Transportation, Truck Inventory and Use
Surry, Washington, DC, 198(_, U.S. Department of Commerce, Bureau of the Census, 1982
Census of Transportatiori, Truck Inventory and Use Survey, Washington, DC, 1985; and U.S.
Department of Commerce, Bureau of the Census, 1987 Census of Transportation, Truck Invento_
and U_e Survo/, Washington, DC, 1990.

Table 3.28

Pctcea_ o¢'nrucbbystz _ t977,t982,and1987
(i,c,_u,ac)

1977 1982 1987
Size Class Weight TIUS' TIUS' TIUS°

Class 1 6,000 pounds and less 66.0 77.8 85.4
Class 2 6,001-10,000 pounds 17.9 11.6 6.5
Class 3 10,000-14,000 pounds 3.1 1.6 1.2
Class 4 14,001-16,000 pounds 1.3 0.9 0.5
Class 5 16,001-19,500 pounds 2.1 1.0 0.6
Class 6 19,501-26,000 pounds 3.4 2.4 1.7
Class 7 26,001-33,000 pounds 1.5 1.0 0.8
Class 8 33,001 and over 4.6 3.8 3.3

Soan_e:

Estimates are based on data provided on the following public use tapes: U.S. Department
of Commerce, Bureau of the Census, 1977 Census of Transportation, Truck Invento_ and Us_
Surv_, Washington, DC, 1980;, U.S. Department of Commerce, Bureau of the Census, 1982
Census of Transportation, Truck lnvento_ and Use Survey. Washington, DC, 1985; and U.S.
Department of Commerce, Bureau of the Census, 1987 Census of Transportation, Truck Inventory
.apdUse Survey, Washington, DC, 1990.

"TruckInventory and Use Survey.
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Buses
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Vabte3.29
inOpmttoab7 19g0

TrarmP School and

Motor Tr_ley Interctty other
Year bus coachb bus m3nrevenue° Other_ Total

1970 49,700 1,050 22,000 288,700 16,112 377,562
1971 49,150 1,037 21,900 307,300 17,688 397,075
1972 49,075 1,030 21,400 318,200 17,161 406,866
1973 48,286 794 20,800 336,000 19,040 424,920
1974 48,700 718 21,000 356,900 19,73{} 447,048
1975 50,811 703 20,500 368,300 21,842 462,156
1976 52,382 685 20,100 381,498 23,674 478,339
1977 51,968 645 20,300 393,810 24,038 490,761
1978 52,866 593 20,250 398,804 32,841 505,354
1979 54,490 725 20,680 415,117 35,753 526.765
1980 59,411 823 21,400 418,255 28,930 528,789
1981 60,393 751 21,500 432,813 28,437 543,894
1982 62,114 763 22,000 442,133 32,190 559,200
1983 62,093 686 23,500 470,727 25,878 582,884
1984 67,294 664 25,000 471,461 23,049 583,671
1985 64,258 676 20,200 480,400 34,924 593,485
1986 66,218 680 20,300 479,076 35,672 593,728
1987 63,017 671 20,100 486,753 36,544 602,055
1988 62,572 710 19,887 498,907 35,777 615,669
1989 58,919 725 20,043 507,628 36,394 625,040
1990 59,753 832 20,680 508,261 37,461 626,987

Average annual Ix,rcentagechange

1970-90 0.9% -1.2% -0.3% 2.9% 4.3% 2.6%
1982-90 -0.5% 1.1% -0.8% 1.8% 1.9% 1.4%

Stmtcea:

Transitbuses-AmericanPublicTransitAssociation,1991TransitFactBoo.k,Washington,DC, October1991,
p.76,andannual.

Intercitybuses-1970-84:AmericanBus Association,1984AnnualReport,Washington,DC, and annual.
1985-88:U.S.Departmentof Transportation,TransportationSystemsCenter,NationalTransportation

Statistics,Cambridge,MA, August1990,Figure5,p.8,andannual.
1989-90:Estimatedas38% ofcommercialbuses(lesstransitmotorbuses).Commercialbustotalfoundin
Hif.hwavStatistics1990,TableMV-10,andannual.

Otherbuses-DerivedbysubtractingTransit,Intercity,andSchoolbusesfromTotalbuses.
Schoolbusesmid Totalbuses.U.S.DepartmentofTransportation,FederalHighwayAdministration,Hif.hwav

Statistics1990,Washington,DC, 1991,TableMV-10,p.20,andannual.

•Series not continuous between 1983 and 1984 because of a change in data source by the American Public
Transit .Association(APTA). Beginning in 1984, data provided by APTA are taken from mandatory reports filed
with the Urban Mass Transit Administration (UMTA). Data for prior years were provided on a voluntary basis

APFA members and expanded statistically.
bTroileycoach - a rubber tired transit vehicle that usually draws its power from overhead wires.
qncludes some industrialand other private buses.
qncludes government buses, private buses, and other miscellaneous buses.
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AI_ school b,_es comt_e 81% of the bus vehicle stock, only 55% of bus vehicle travel was attributed to
school buses in I ,_90. lntercity buses were the only bus typeto e_wience declines in passenger travel and vehicle
travel from 1970-90 and 1982-9R

"lWale330
rmeaeermi vetme byna Type,197o-9o

Passenger travel Vehicle truve,
(million miles) (minion mites)

Year
Transit bus" Intercity bus Transit buS' Intcrcity bus School bus

1970 18,120 25,300 1,409 1,209 2,100
1971 16,810 25,500 1,375 1,202 2,212
1972 16,180 25,600 1,308 1,182 2,359
1973 16,170 26,400 1,370 1,178 2,412
1974 17,910 27,700 1,431 1,195 2,450
1975 18,300 25,400 1 _26 1,126 2,500
1976 18,890 25,100 1,581 1,118 2,862
1977 19,730 25,700 1,623 1,102 2,950
1978 20,708 25,400 1,631 1,081 2,991
1979 21,393 27,2P0 1,634 1,132 2,980
1980 21,790 27,400 1,677 1,162 2,900
1981 21,012 27,100 1,685 1,134 2,960
1982 19,987 26,900 1,669 1,115 3,062
1983 20,047 26,500 1,678 1,120 3,0_
1984 21,595 27,100 1,84_ 1,098 3,400
1985 21,161 23,800 1.863 933 3,448
1986 21,395 23,700 2,002 1,021 3,700
1987 20,970 23,000 2.079 991 3,900
1988 20,753 23,100 2_097 996 4,100
1989 20,768 24,000 2,109 1,034 4,000
1990 21,127 23,000 2,153 991 3,800

Average annual percentage change
1970-90 0.8% -0.5% 2.1% -1.0% 3.0%
1982-90 0.7% -1.9% 3.2% -1.5% 2.7%

Sources:
Transit buses - 1970-90:.American Public Transit Association, 1991 Transit Fact Book, Washi.ngton,DC, October

1991, pp. 73, 74, and annual.
Intercity buses - 1970-84: Americar. gus Association, Annual Report, Washington, DC, Annual.

1985-90:. Eno Transportation Foundation, Transportationin America, Ninth edition-December supplement,
Washington, DC, 1991, p. 11.
1986-90 vehicle travel: Estimated using passenger travel and an average load factor of 23.2` _

School buses - 1970-84: U.S. Department of Transportation, Federal Highway Administration, Hif.hway Statistics
1984. Washington, DC, Table VM-I, p. 175, and annual.
1985-87: U.S. Department of Transportation, Research and Special Programs Administration, National
TransportationStatistics, 1989, Figure 2, p. 7, and annual.
1988-90: National Safety Council, Accident Facts, 1991 Edition, Chicago, IL, p. 71, and annual.

v

•Transit bus statistics include motor bus only. Series not continuous between 1983 and 1984 because of a
change in data source by the American Public Transit Association (APTA). Beginning in 1984, data provided by
APTA are taken from mandatory reports filed with the Urban Mass Transit APministral_a (UMTA). Data for
prioryears were provided on a voluntary basis by APTA members and expanded statistically.
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The average annual miles per transit bus has been growing eachyear since 1982. School buses travel
the least per bus, but travel more total vehicle miles than the other bus types.

TO_e 331

A_m_ Ammul M_m per_ byT_ |970.90

Year Transit bus' Intercity bus School bus

1970 28,350 54,955 7,274
1971 27,976 54,886 7,198
1972 26,653 55,234 7,414
1973 28,373 56,635 7,179
1974 29,384 56,905 6,865
1975 30,033 54,927 6,788
1976 30,182 55,622 7,502
1977 31,231 54,286 7,491
1978 30,852 53,383 7,500
1979 29,987 54,739 7,179
1980 28,227 54,299 6,934
1981 27,901 52,744 6,839
1982 26,870 50,682 6,926
1983 27,024 47,660 6,581
1984 27,417 43,920 7,212
1985 28,992 46,188 7,177
1986 30,233 50,296 7,723
1987 32,991 49,304 8,012
1988 33,513 50,083 8,218
1989 35,795 51,589 7,880
1990 36,032 47,921 7,476

Average r,nnual percentage change

1970-90 1.2_ -0.7% 0.1%
1982-90 3.79 _ -0.7% 1.0%

Som'ce:
Annual miles were obtained by dividing the total vehicles miles

(from Table 3.30) by the number of vehicles (from Table 3.29).

'Transit bus statistics include motor bus only. Series not continuous between 1983 _._d 1984
because of a change in data source by the American Public Transit Assc_ation (APTA). Beginning
in 1984, data provided by APFA are taken from mandatory reports filed with the Urban Mass Transit
Administration (UMTA). Data for prior yearswere provided on a voluntary basis by APFA members
and expanded statistically.
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I Transit buses, which were the least efficient bus type on a Btu per vehicle-mile basis, accounted for nearly |

half of total bus energy use in 1990. School buses, which were the most efficient on a Btu per vehicle. !m//e basis, accounted for 38% of bus energy use in 1990.

T_e 3.32
EnergyConsumptionandEnergy Inteasitteaby _ of Bus, 1970-90

Energy use (trillion Btu) Energy Intensity (Btu per vehicle-mile)

Transit Intercity School Transit Intercity School
Year bus' bus bus bus' bus bus

1970 44.8 26.6 37.5 31,796 22,002 17,857

1971 41.6 26.5 39.5 30,255 22,047 17,857

1972 39.7 26.0 40.0 30,352 21,997 16,956

1973 42.0 25.9 40.9 30,657 21,986 16,957

1974 45.1 26.3 41.6 31,516 22,008 16,980

1975 51.5 24.8 42.6 33,748 22,025 17,040

1976 54.7 25.0 48.8 34,598 22,361 17,051

1977 57.0 24.7 50.1 35,120 22,414 16,983

1978 59.7 24.2 50.9 36,603 22,387 17,018

1979 59.8 26.2 50.6 36,597 23,145 16,980

1980 61.3 29.3 47.5 36,553 25,215 16,379

1981 63.6 31.3 48.5 37,745 27,601 16,385

1982 64.7 30.9 49.9 38,766 27,713 16,296

1983 63.7 31.1 50.3 37,962 27,768 16,236

1984 69.2 33.8 50.7 37,507 30,783 14,912

1985 72.4 31.5 57.0 38,862 31,722 16,531

1986 75.6 20.6 57.8 39,873 20,176 15,622

1987 74.3 21.6 60.9 38,557 21,796 15_615

1988 73.0 22.3 63.9 39,121 22,390 15,585

1989 77.3 23.1 62.3 36,583 22,340 15,575

1990 78.9 21.7 62.2 36,647 21,897 16,368

Average annual percentage change
1970-90 2.9% -1.0% 2.6% 0.7% -0.5% 0.1%

1982-90 2.5% -4.3% 2.8% -0.7% -7.6% -0.4%

Source:

Energy use - See Appendix A for Table 2.10.
Energy intensities by vehicle-mile were calculated by dividing energy use by vehicle-miles

"Transit bus statistics include motor bus only. Series not continuous between 1983 and 1984

because of a change in data source by the American Public Transit Association (APFA). Beginning
in 1984, data provided by APTA are taken from mandatory reports filed with the Urban Mass Transit

Administration (UMTA). Data for prior years were provided on a voluntary basis by APTA members
and expanded statistically.
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Section 3.5
Fleets
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Table 3.35
Federal C.;ovenms_t Vehkks by _, Fiscal Year 1988

Trucks and ]'luck Tractors"
8,500 Ibe. 8,501 to 24,000 Ibe.

Department or Agency Autm Busea or letup 23,999 II_. or over Total

CiVil JAN AGENCIES 86,884 2,393 96,866 13,884 4,977 205,004
Government Printing Office 6 0 59 0 0 65
Libraryof Congreu I 0 0 0 0 1
Department of the State 1,220 0 1,187 772 67 3,246
Department of the Treasury 8,559 11 1,485 51 2 10,108
Department of Justice 14,888 138 4,440 479 92 20,1D7
Department of the Interior 1,663 111 8,499 2,753 1,674 14,700
Department of Agriculture 3,911 41 24,049 4,154 518 32,673
Department of Commerce 93 14 376 189 14 686
Department of Labor 175 12 412 13 6 618
Department of Health & Human Servicea 90 9 276 91 55 521
Department of Transportation 80 8 394 126 45 653
Department of Energy 1,853 255 6,586 1,829 751 11,274
Agency for International Development 370 22 204 57 16 979
American Battle Monuments Commission 13 0 37 12 0 62
Environmental Protection Agency 303 3 301 13 9 629
Federal Communications Commission 61 0 34 4 0 99

Federal Emergency Management Agency 35 14 76 9 9 143
General Services Administration 50,869 1,605 44,230 2'001 1,347 100,052
International Boundary & Water Commission 0 0 7 10 23 40
Merit Systems Protection Board 0 0 1 0 0 1
National Aeronautics & Space Administration 135 11 714 219 49 1,155
National Gallery of Art 0 0 3 1 0 4
National Science Foundation 23 8 122 27 2 182
Overaeas Private Investment Corporation 1 0 0 0 0 1
Panama Canal Commission 186 13 524 79 45 847

Peace Corps 147 9 214 3 0 373
Railroad Retirement Y ......_ 1 0 0 0 0 1
Swithsonian Institution 23 6 154 44 24 251
Tennemee Valley Authority 1,513 4 1,303 733 159 3,712
United State Information Agency 455 12 323 29 0 819
U.S. Soldiers' and Airmen's Home 12 6 25 6 10 59
Veterans Administration 198 81 494 180 60 1,103

STATI_ POSTAL SERVICE 12'260 13 128,326 10,805 3,574 154,978

Mfl.JTARY AGF_JqCIES 22,937 6,417 102,105 14,027 8,214 153,700
Army 8,292 2'484 24,890 5,781 2,147 43,594
Navy 3,624 997 23,728 2,707 2,204 33,260
Marine Corps 725 321 4,730 841 607 7,224
Air Force 6,327 2,574 43,603 3,658 3,034 59,196
Civil Works, Corpe of Engineers 721 21 4,412 982 204 6,340
Defense Agencies 3,248 20 742 58 18 4,086

TOTAL 122,081 8,823 327,297 38,716 16,765 513,682

Snxlme:

U.S. General Services Administration, Federal SupplyService, Federal Motor Fleet Report, Washington, DC, September 1990,
p. 27.

'Based on grou vehicle weight rating (GVWR).
blncludes ambulances.
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Section 3.6
Federal Standards and

Motor Vehicle Fuel Economy
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l l

Exceptfortheautomobilefueleconomyinmodelyear1984,theaalea.weig_edfueleconomiesof
automobileaand lighttruckshave,on average,met thefueleconomystandardssetbythefederat
governn_ T/_ doesnotmean,however,thateachmanufacturer_ meetingthestandardseach
year. Some manufacturers still fall shor_ while others exceed the standards. The domestic
automobile CAFE estimate did not meet the 1002 standa_ but the import estimate exceeded the
standard, pulling the combined automobile CAFE estimate above the standatrL

I II

Tablz 3.36
__ AverageFuel_ (CASE)

Smudanls ,,vases Sai_Welghted Pued Emmm_ Estimates
AumumbUmsad LightTru, tgvs-gZ'

(mUmpergaUon)

Automobiles Light Trucksb
Model CAFE CAFE Estimates' CAFE CAFE Estimates;

Year Standards Domestic Import Combined Standards Domestic Import Combined

1978 18.0 18.7 27.3 19.9 _ * " "
1979 19.0 19.3 26.1 20.3 17.2 17.7 20.8 l&2
1980 20.0 22.6 29.6 24.3 d 16.8 24.3 l&5
1981 22.0 24.2 31.5 25.9 e 18.3 27.4 20.1
1982 24.0 25.0 31.1 26.6 17.5 19.2 27.0 20.5
1983 26.0 24.4 32.4 26.4 19.0 19.6 27.1 20.7
1984 27.0 25.5 32.0 26.9 20.0 19.3 26.7 20.6
1985 27.5 26.3 31.5 27.6 19.5 19.6 26.5 20.7
1986 26.0 26.9 31.6 28.2 20.0 19.9 25.9 21.5
1987 26.0 27.0 31.2 28.5 20.5 20.5 25.2 21.7
1988 26.0 27.4 31.5 28.8 20.5 20.6 24.6 21.3
1989 26.5 27.2 30.8 28.4 20.5 20.4 23.5 20.9
1990 27.5 26.9 29.8 28.0 20.0 20.2 23.0 20.7
1991 27.5 27.4 29.8 28.3 20.2 20.9 23.0 21.3
1992 27.5 26.9 29.0 27.8 20.2 20.4 22.4 20.8

SO_:

U.S. Department of Transportation, NHTSA, "Summaryof Fuel Economy Performance,"Washington,
DC, March 1992.

"Only vehicles with at least 75 percent domestic content can be counted in the average fuel
economy for a manufacturer.

bRepresents two- and four-wheel drive trucks combined. Gross vehicle weight of 0-6,000 pounds
for model year 1979 and 0-8,500 pounds for subsequent years.

'Ali CAFE calculations are sales-weighted.
'_tandards were set for two-wheel drive and four-wheel drive light trucks separately, but no

combined standard was set in this year.
'Data are not available.
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Tab_ 3.37.

S msmy(CAS Smm
1983-91

Thousands

Model Current 1990 constant

year dollars dollars'
1983 38 76

1984 5,958 7,496

1988 15,565 t8,00s
1986 29,872 35,603
1987 30,981 35,623
1988 43,622 48,190
1989 46,122 48,619
1990 47,582 47,582
1991 b 11,249 10,788

Total 231,009 252,885

Source:

U.S. Department of Transportation, National Highway
Traffic Safety Administration, Office of Vehicle
Safety Compliance, Washington, DC, July 1992.

Table 3.38

Tax Re.pet from the Sale of Oas Guzzlers, 1980-91

Thousands

Fiscal Current 1990 constant

year dollars dollars'
1980 740 1,174
1981 780 1,121
1982 1,720 2,329
1983 4,020 5,273
1984 8,820 11,097
1985 39,790 48,336
1986 147,660 175,987
1987 145,900 167,759
1988 116,780 129,008
1989 109,640 115,575

1990 103,200 103,200
1991 118,400 113,546

Total 797,450 874,405

Source:

Motor Vehicle Manufacturers Association, Motor Vehicle
Facts and Figures '92, Detroit, MI, 1992, p. 87.

'Adjusted using the Consumer Price Inflation Index.
blncludes only those fines collected at time of publication.
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I I I Illllll i_

Consumers must pay the Gas Guzzler Tax when purchasing an automobile that has an I

Environmental Protection Agency (EPA) fuel ectmocny rating less than that stipulated in the table l

below. The Gas Guzzler Tax doubled in 1991 after remaining constant from 1986 to 1990. __ I

Tab_ 309
"l_ Oa _ _at oa Ncc Ous

(a,,ampet

Vehicle fuel
economy

(mpg) 1980 1981 1982 1983 1984 1985 1986-90 1991+

Over 22.5 0 0 0 0 0 0 0 0
22.0-22.5 0 0 0 0 0 0 500 1000
21.5-22.0 0 0 0 0 0 0 500 1000
21.0-21.5 0 0 0 0 0 0 650 1300
20.5-21.0 0 0 0 0 0 500 650 1300
20.0-20.5 0 0 0 0 0 500 850 1700
19.5-20.0 0 0 0 0 0 600 850 1700
19.0-19.5 0 0 0 0 450 600 1050 2100
18.5-19.0 0 0 0 350 450 800 1050 2100
18.0-18.5 0 0 200 350 600 800 1300 2600
17.5-18.0 0 0 200 500 600 1000 1300 2600
17.0-17.5 0 0 350 500 750 1000 1500 3000
16.5-17.0 0 200 350 650 750 1200 1500 3000
16.0-16.5 0 200 450 650 950 1200 1850 3700
15.5-16.0 0 350 450 800 950 1500 1850 3700
15.0-15.5 0 350 600 800 1150 1500 2250 4500
14.5-15.0 200 450 600 1000 1150 1800 2250 4500
14.0-14.5 200 450 750 1000 1450 1800 2700 5400
13.5-14.0 300 550 750 1250 1450 2200 2700 5400
13.0-13.5 300 550 950 1250 1750 2200 3200 6400
12.5-13.0 550 650 950 1550 1750 2650 3200 6400

Under 12.5 550 650 1200 1550 2150 2650 3850 7700

Source:
Internal Revenue Service, Form 6197, "Gas Guzzler Tax" and anaual.
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I I '_,

Two separate studies by the Federal Highway Administra_n have measured the effects of speed on |
i

fuel economy oyautomobdes. (The 1984 study also inc_ light uucks.) The fuel economy loss Iwill vary for each individual vehicle; these data are averages for the tested vehicles. Both stu'_es
indicated that maximum fuel efftciency was achieved at speeds of 35 to 40 mph.

I aa I

Table 3.40
Emmmybyspeed,t973tad tgs4

perpno,)

i

speed
(miles per hour) 1973' 1984 b

15 c 21.1
20 c 25.5
25 _ 30.0
30 21.1 31.8
35 21.1 33.6
40 21.1 33.6
45 20.3 33.5
50 19.5 31.9
55 18.5 30.3
60 17.5 27.6
65 16.2 24.9
70 14.9 22.5
75 _ 20.0

Fuel economy loss

55-65 mph 12.4% 17.8%
65-70 mph 8.0% 9.6%
55-70 mph 19.5% 25.7%

• Som:
1973- U.S. Department of Transportation, Federal Highway

Administration, Office of Highway Planning, The Effect of
Speed on Automobile Gasoline Consumption Rates,
Washington, DC, October 1973.

1984 - U.S. Department of Transportation, Federal Highway
Administration, Fuel Consumption and Emission Values for
Traffic Models, Washington, DC, May 1985.

'Model years 1970 and earlier automobiles.
_Model years 1981-84 automobiles and light trucks.
CData ar_. nno t ava_!ab!e.
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Rural

lo

t
5O

,16 i . . I * * i . I A I i . . . i i I i , •
lg70 lg72 1974 1976 lg711 lgll0 1ge2 lg84 lgN 1988 lltGO

Year
Sourc_ SeeTable 3.4!

Table 3.41
Average Ur_uI and Rurll hlge_ Speeds, |970-90"

(iui= periuO

Year Urban Interstate Rural Interstate

1970 b 39.2
1971 b 60.6
1972 b 60.3
1973 b 60.3
1974 b 55.3
1975 b 55.8
1976 56.1 58.2
1977 56.5 58.8
1978 56.7 58.8
1979 56.4 58.3
1980 55.4 57.5
1981 55.5 57.9
1982 56.3 59.0
1983 56.8 59.1
1984 57.2 59.3
1985 57.2 59.5
1986 57.4 59.7
1987 58.0 59.7
1988 58.6 59.5
1989 58.9 60.3
1990 58.6 60.4

Soun_e:

U.S. Department of Transportation, Federal Highway Administration, ttighwav
Statistics 1990, Washington, DC, 1991, Table VS-I, p. 199, and annual.

'Data from 1970-79 represent only free-moving traffic, on level, straight, uncongested sections of lntcntate. Beginning with
fiscal year 1980, the data show the speeds of ali vehicular traffic.

bData are not available.
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Soen¢:
Code of Federal Regulations, 40CFR, "SubpartB - Fuel Economy Regulations for 1978 and

LaterModel Year Automobiles- Test Procedures,"July 1, 1988edition, p. 676.
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Section 3.7
Vehicle Emissions
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e i

I The Environmental Protection Agency (EPA) tests transient emissions from heavy.duty diesel engines i

I

using the 1984 Transient Federal Test Procedure. The engine is subjected to a cycle of varyingspeed iand load for twentyminutes.

Figure 3.19. Torque and Speed _ br 'IYansie_tF.anissionsTesting of a
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Source: Carroll, JamesN., ct. al., "EmissionComparisonof DDC 6V-92TA on Alcohol
Fuels," Truck andBus Meeting andEXlx_ition, Detroit, ]MI, 1990,p.3.
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The Clean Air Act Amendment of 1990 established higher emission control standards. These
standards will become effective in 1904.

Table 3.42

Bedexal_ Contmi Requinmw,nts far
Automobiles and Light _ 1976-94"

Automobiles Light trucks b

Model Hydro- Carbon Nitrogen Hydro- _ Nitrogen
Year carbons monoxide o_ides Particulates' carbons monoxide oxides Particulates"

(HC) (CO) 0_03 _C) (CO) 0_03

1976 1.50 15.0 3.1 d 2.0 20.0 3.1 d
1977 1.50 15.0 2.0 d 2.0 20.0 3.1 d
1978 1.50 15.0 2.0 d 2.0 20.0 3.1 d
1979 1.50 15.0 2.0 d 1.7 18.0 2.3 d
1980 0.41 7.0 2.0 d 1.7 18.0 2.3 d
1981 0.41 3.4 1.0 d 1.7 18.0 2.3 ,S
1982 0.41 3.4 1.0 0.6 1.7 18.0 2.3 0.60
1983 0.41 3.4 1.0 0.6 1.7 18.0 2.3 0.60

1984 0.41 3.4 1.0 0.6 0.8 10.0 2.3 0.60
1985 0.41 3.4 1.0 0.6 0.8 10.0 2.3 0.60
1986 0.41 3.4 1.0 0.6 0.8 10.0 2.3 0.60
1987 0.41 3.4 1.0 0.2 0.8 10.0 2.3 0.26
1988 0.41 3.4 1.0 0.2 0.8 10.0 1.2' 0.26

1989 0.41 3.4 1.0 0.2 0.8 10.0 1.2' 0.26
1990 0.41 3.4 1.0 0.2 0.8 10.0 1.2" 0.26
1991 0.41 3.4 1.0 0.2 0.8 10.0 1.2" 0.26
1992 0.41 3.4 1.0 0.2 0.8 10.0 1.2" 0.26
1993 0.41 3.4 1.0 0.2 0.8 10.0 1.2" 0.26
1994 0.25 3.4 0.4 0.08 0.25" 3.4' 1.2" 0.26
1995-on 0.25 3.4 0.4 0.08 0.25" 3.4' OAt 0.08

Soun3es:

1976-93: Code of Federal Regulations 40CFR86, "Control of Air Pollution from New Motor

Vehicles and New Motor Vehicle Engines: Certification and Testing Procedures," July 1, 1987
edition, p. 264.

1994-on: Clean Air Act Amendment of 1990.

"California standards not included.

bApplies tO trucks under 6,000 pounds gross vehicle weight rating (GVWR) until model year 1978
and under 8,500 pounds GVWR beginning in model year 1979.

CApplies to diesel engines only.
dNo standard was set for this year.

"Applies to light trucks up to and including 3,750 pounds loaded vehicle weight (LVW).
rApplies to light trucks up to and including 3,750 pounds loaded vehicle weight (LVW). Does not

apply to diesel-fueled light trucks.
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The Clean Air Act Amendment of 1990 established higher emission control standards. These
standards will become effective in 1994.

Table 3.43

Emission Omtrol Requirements fm"
Heavy-Duty _ _ 1976-94'

pesbrm horpo- howr)

Hydrocarbons +
Model Year Hydrocarbons Carbon monoxide Nitrogen oxides nitrogen oxides

(HC) (CO) (NO.) (HC + NO_)

1976 b 40.0 b 16.0
1977 b 40.0 _ 16.0
1978 b 40.0 b 16.0
1979 1.5 25.0 b 10.0
1980 1.5 25.0 b 10.0
1981 1.5 25.0 b 10.0
1982 1.5 25.0 b 10.0
1983 1.5 25.0 b 10.0
1984 1.3 15.5 10.7 b
1985 2.5 40.0 10.7 b
1986 2.5 40.0 10.7 b
1987 1.9 37.1 10.6 b
1988 1.9 37.1 10.6 b
1989 1.9 37.1 10.6 b
1990 1.9 37.1 6.0 b
1991 1.9 37.1 5.0 b
1992 1.9 37.1 5.0 b
1993 1.9 37.1 5.0 b
1994 1.9_ 37.1 5.ff b
1995 1.9_ 37.P 5.0_ b
1996 1.9_ 37.P 5.0_ b
1997 1.9_ 37.1c 5.0_ b
1998 1.9_ 37.1c 4.0_ b

Sources:

1976-93: Code of Federal Regulations, 40CFR86, "Control of Air Pollution from New Motor
Vehicles and New Motor Vehicles Engines: Certification and Testing Procedures,"July 1, 1987
edition, p. 264.

1994-on: Clean Air Act Amendment of 1990.

'Applies to trucks greater than 6,000 pounds gross vehicle weight until model year 1978; greater
8,500 pounds gross vehicle weight from model year 1979-1986; and greater than 14,000 pounds
vehicle weight starting in 1987.

bNo standard was set for this year.
'Heavy-duty trucks must meet these standards or standards which reflect the greatest degree of

emission reduction achievable through the application of the technology available.
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Clean Air Act Amendment of 1990 establislwxlh_her e.m_s_n controlstandards.These

standardswUl become effectivein1994.

Table3.44

. Fedexal_ ControlReq_ts far

-Duty DiemTroc t976.94"
(srmpat, n,mwer)

Hydrocarbons +

Model Hydro- Carbon Nitrogen nitrogen
Year carbons monoxide oxides oxides Particulates

(HC) (CO) (NO,) (HC+ NOJ _

1976 b 40.0 I, 16.0 b
1977 b 40.0 b 16.0 b
1978 b 40.0 b 16.0 b
1979 1.5 25.0 b 10.0 I,
1980 1.5 25.0 b 10.0 b
1981 1.5 25.0 b 10.0 b
1982 1.5 25.0 h 10.0 b
1983 1.5 25.0 b 10.0 b

1984 1.3 15.5 10.7 5.0 I,
1985 1.3 15.5 10.7 b b
1986 1.3 15.5 10.7 b b

1987 1.3 15.5 10.7 b b
1988 1.3 15.5 10.7 b 0.60
1989 1.3 15.5 10.7 b 0.60
1990 1.3 15.5 6.0 b 0.60
1991 1.3 15.5 5.0 b 0.25

1992 1.3 15.5 5.0 b 0.25
1993 1.3 15.5 5.0 b 0.25
1994 1.3c 15.5 5.0 b 0.10
1995 1.3c 15.5_ 5.0_ b 0.10 c
1996 1.3_ 15.5_ 5.0_ b 0.10 _

1997 1.3c 15.5 _ 5.0_ b 0.10 _
1998 1.3c 15.5 ¢ 4.0 _ b O.I(P

SouIu_:

1976-93: Code of Federal Reeulations, 40CFR86, "Control of Air Pollution from New Motor
Vehicles and New Motor Vehicle Engines: Certification and Testing Procedures," July 1, 1987

edition, p. 264.
1994-on: Clean Air Act Amendment of 1990.

'Applies to trucks greater than 6,000 pounds gross vehicle weight until model year 1978; greater
than 8,500 pounds gross vehicle weight beginning in model year 1979.

bNo standard was set for this year.

_l-leavy-duty trucks must meet these standards or standards which reflect the greatest degree of
emission reduction achievable through the application of the technology available.
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Table 3.46
ExhauslEmissionSumdan_ br Clean-FuelV_ is the Cal/gomla_ TemProgram

(_a00 sine.mm_ is gram_ ._)

LDT LDT"
LDV & LDT <6,000OVWR LDT • >6,000GVWR LDT '

,:6,000 GVWR >3,750 LVW >6,000 GVWR >3,750 TW >6,000 GVWR
,:3,750 LVW -:5,750 LVW -:3,750 TW ,:5,750 TW >5,750 TW

Cam_flmml _

Non.methanehydmcar_m 0.250 0.320 00.50 0.320 0.390

Carbon monoxide 3.400 4.400 3.400 4.400 5.000

Nitrogen oxides 0.400 0.700 0.400 0.700 1.100

Formaldehyde b . , , b

Trm.iaoa_ _ (TH_.)
Non-methane organic gases 0.125 0.160 "
Carbon monoxide 3.400 4.400

• • 0

Nitrogen oxides 0.400 0.700

Formaldehyde 0.015 0.018

t,,,,.mi=m _ (t.uva)
Non.methane organic gases 0.075 0.100 0.125 0.160 0.195
Carbon monoxide 3.400 4.400 3.400 4.400 5.000

Nitrogen oxides 0.200 0.400 0.400 0.700 I.I00

Formaldehyde 0.015 0,018 0.015 0.018 0.022

Non-methane organic gases 0.040 0.050 0.075 0.I00 0.117
Carbon monoxide 1.700 2.200 1.700 2.200 2.500

Nitrogen oxides 0.200 0.400 0.200 0.400 0.600

Formaldehyde 0.008 0.009 0.008 0.009 0.011

vetkte,(zav.)
Non-methane organic gases 0.0 0.0 0.0 0.0 0.0
Carbon monoxide 0.0 0.0 0.0 0.0 0.0

Nitrogen oxides 0.0 0.0 0.0 0.0 0.0

Formaldehyde 0.0 0.0 0.0 0.0 0.0

Sounz:

U.S. Environmental Protection Agency, Office of Mobile Sources, "CaliforniaPilot Test Program,"Public Outreach Meeting,
Ann Arbor, Ml, May 17, 1991.

Prate: LDV = light-duty vehicle
LDT - light-duty truck
GVRW - grum vehicle weight rating
LVW - loaded vehicle weight
TW _, tare weight

•The clean-fuel vehicle standards are not effective until the 1998 model year.

'Not applicable.
el'here is no TLEV category for this vehicle cim.



3-71

II

_he¢a_fo_ AirResourcesBoardhasprop_ed'0_e_ for_eetn_ _no_ to_et _e I

e.n_sionstandards.By theyear2001itislWOlS_edthat90_ ofthemanufacturer'sfleetbelow.
en_sion vehicles.

II

Tab_ 3A7

camom__ _ _ _opo_ _ MeeaaS_ StaMards

Percentof

manufacturer's Vehicle/ype"
Year fleet

1989 I00 CV
1993 I00 CV

1994 90 CV
10 TLEV

1995 85 CV

15 TLEV
1996 80 CV

20 TLEV
1997 73 CV

25 LEV
2 ULEV

1998-2000 48 CV
48 LEV

2 ULEV
2 ZEV

2001-2002 90 LEV
5 ULEV
5 ZEV

2003b 75 LEV
15 ULEV
10 ZEV

Somee:
California Air Resources Board, Mobile Sources Division,
El Monte, CA, 1990.

° CV - Conventional vehicles
TLEV - Transition low emission vehicles
LEV . Low emission vehicles
ULEV - Ultra low emission vehicles
ZEV - Zero emission vehicles

*Fleet average of non-methane organic gases = 0.062 in 2003.
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Illl

Four fuels are projected as capable of meeting the requirements for the trans_ low.emission
vehicles, low.emission vehicles, ultra-low emission vehicles, and zero.emission vehicles. Gasoline,
alcoho_ compressed natural gas, and liquif_ petroleum gas, with fuel and vehicle improvements,
are projected as capable of meeting the first three levels. Electric vehicles are phased in as ultra-low
emission vehicles and are the only vehicle type expected to be zero-emission vehiclp$.

I III I Ill

Tabk 3.48
Ptmible __ lm CICIiI-FUelVeltktm

TRANSITIONAL LOW-EMISSION _CIA_ OT,EVs)

• _ - small/medium displacement engines, heated fuel
preparation system, close-coupled catalyst

• _- improved close-coupled catalyst
• _ aatura/gus - underfloor catalyst
• L/qu/fied _ gus- close-coupled catalyst

LOW-EML_iON VEHIOAES (LEVs)

• _ - electrically heated catalyst, phase 2 gasoline
• _- heated fuel preparation system, close-coupled catalyst
• _ matin'a/gas - electronic fuel injection, close-coupled

catalyst
• /Aqu/fu_ peuo/aun gns - electronic fuel injection, close-coupled

catalyst

ULTRA-LOW EMISSION VEHICX.P_ (UI_Vs)

• Ga.to/ine - heated fuel preparation system, electrically heated catalyst,
phase 2 gasoline

• A/cobol. heated fuel preparation system, electrically heated catalyst
• C-om/n.tsed natural gas - electronic fuel injection, electrically heated

catalyst
• E/eczrk_ - range-extended hybridvehicles, battery powered vehicles

with auxiliary combustion heaters

ZERO-EMISSION VEHIO,F_,S (ZEVs)

• F_./ecuk/ty- battery-powered vehicles

Source:

U.S. Department of Energy, Office of Transportation Technologies, "Electric
Vehicle Progress,"Washington, DC, January 1991, p.3.





3-74

Section 3.8
High-Occupancy Vehicle Lanes
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l

High-occupancy vehicle (HOP') lanes are special highway _ meant for the exclusive use of
vehicles with a specified number ofpassengers.VehiclesthatuseHOVlanesareusuallyguaranteed
a shorter and less congested trip than those using regular traffic lanes. In 1990 there were 332 miles
of HOV lanes in operation in the U.S. Eighteen areas had HOV facilities in 1990, and 6 more areas
had HOV facilities in development at that time (see Figure 3.20).

lW_4e 3.50

Year Milesb

1969 5
1970 10
1971 15
1972 15
1973 28
1974 32
1975 36
1976 43
1977 47
1978 66
1979 66
1980 96
1981 96
1982 111
1983 129
1984 149
1985 168
1986 196
1987 209

1988 247
1989 278
1990 339

Average annua/percenta_ change

1969-90 22.2%
1982-90 15.0%

Source:

Texas Transportation Institute, Hif.h-Occuoancv Vehicle System
Development in the United States, College Station, TX, December
1990, p. 9.

bData shown are for continuously operating HOV lanes located
either on freeways or in separate rights-of-way in the U.S. Mileage is
not shown for HOW lanes that have been discontinued.
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CHAtrI'E 4

PERSONAL TRAVEL STATISTICS

From 19850 to 1990, the average annual increase in the number of vehicles surpasses

the increases in population, households, licensed drivers, and employed persons. Since 1985

there has been more than one vehicle for every licensed driver in the U.S. (Table 4.1).

Each year since 1979 the U.S. Travel Data Center has conducted the National Travel

Survey on a regular basis to provide timely and relevant information on major travel trends

in the U.S. In this survey, a trip is defined as "each time one person goes to a piace at least

100 miles away from home and returns." The following trips are excluded from the survey:

travel as part of an operation crew on a train, airplane, truck, bus, or ship; commuting to a

place of work; and student trips to or from school. Data from the 1990 National Travel

Survey are contained in Tables 4.4-4.6. According to the survey, the average trip distance in

1990 was 72 miles shorter than in 1988 due to shorter trips taken by cars, trucks, and

recreational vehicles. The average trip distance by airplane, however, was longer in 1990 than

in 1988 (Table 4.4). Twenty percent of ali vacation trips in 1990 were less than 300 miles

(Table 4.5).

The majority of data on personal travel come from the Nationwide Personal

Transportation Survey (NPTS). The NPTS is a national survey designed to collect data on

the nature and characteristics of personal travel. Not to be confused with the National Travel

Survey, the definition of a trip in the NPTS is "anyone-way travel from one address (place)

to another by private motor vehicle, public transportation, bicycle, or walking." Excluded

from the survey are jogging and walking for exercise, as well as ali bicycling and walking for

individuals under 5 years of age. The survey collects detailed data on household trips, their

purposes and the transportation modes used. The NPTS is sponsored by several agencies of

the U.S. Department of Transportation and is conducted approximately every seven years.

The data presented include information from surveys done in 1969, 1977, 1983, and 1990.

Tables 4.7-4.20 and Figures 4.5-4.14 are taken directly from the U.S. Department of

Transportation, Federal Highway Administration, 1990 Nationwide Personal Transportation

Survey: Summaryof Travel Trends which was prepared by Oak Ridge National Laboratory

4-1
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for the FederalHighwayAdministration.Since ali of the NPTSsurveysdiffersomewhatin

terminology,surveyprocedure,andtargetpopulation,one shouldbe cautiouswhencomparing

statisticsfromone surveyto the next.
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Table4k4

t98a._ _u_)
'rowu_, ,,,,,__v _k,, ,,_._

-t_ zm tm tm tm --tm
i.i

S_
Male 57 54 56 54 60 57
Female 43 46 44 46 40 43

_e
15-24years 15 13 16 14 14 |I
25-34 years 27 27 25 27 28 27
35-44 years 23 22 24 22 23 23
45-54 years 15 15 15 15 18 15
55-64 yeant 10 12 11 13 9 10
65 years and over 11 11 11 10 9 12

_dae
One pcnon 20 20 18 18 24 24
Two people 32 35 32 34 32 36
Three people 19 18 20 19 17 14
Four people 17 17 18 18 17 14
Five or more people 12 11 12 11 10 11

FmC, tumme
Leu than $10,000 6 10b 7 10b 4 6_'
$10,000 - $19,999 16 9" 17 9' 11 6"
$20,000 - $29,999 21 22 23 24 15 14
$30,000 - $39,999 20 17 21 18 16 15
$40,000 - $49,999 13 13 13 13 14 14
$50,000 - $74,999 14 17 13 16 21 21
$75,000 - $99,999 4 6 4 5 7 9
$100,000 or more 5 6 3 4 13 13

nqim,_ erdaoftnp
New England 5 5 4 5 6 6
Mid-Atlantic 13 13 12 11 13 1";
South Atlantic 16 17 17 17 16 17
East South Central 6 6 6 7 5 5
East North Central 16 18 18 18 12 15
West South Central 13 12 13 12 11 13
West North Central 8 8 8 9 8 7
Mountain 7 7 6 8 10 7
Pacific 16 13 15 13 19 14

Rmmd U_pdream:
200-299 miles 22 22 28 29 3 2
300-399 miles 16 15 20 19 4 1
400499 mile, 10 11 12 13 5 4
500.599 miles 6 7 7 8 4 4
600-999 miles 13 14 13 15 14 11
1000-1999 miles 15 14 11 9 25 30
2000 or more miles 12 11 5 4 35 34
Outside U.S. 6 6 4 3 13 13

Average trip distance (miles)_ 970 898 680 596 1980 2014
Total miles (billions)" 636 594 321 288 306 292
Total tripe (millions) 656.1r 661.1r 472.6 483.9 154.6 144.9

Sources:
U.S. Travel Data Center, 1_988Travel Market Clme.Up, Washington, DC, 1989, pp. 1, 29, 81, 89, and 93.
U.S. Travel Data Center, 1990 Travel Market Report, Washington, DC, 1991, Appendix F, pp. 1, 29, 81, 89, and 93.

"Thesum of the components may not equal 100 percent due to rounding. A trip k defined as "each time a person goes to
a piace at least 100 mUea from home and returns."

than $15,000
'$15,000-$19,999.
4Ba_d on total tripe taken in category, not total travelers.
"Total number of tripe multiplied by average trip distance.
_'l'hetotal _ the sum of automobile and air travel because mine tripe are made by bus and rail.
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'T_k 4.6
: Mode of Trawl by Trip _ 1990'

Pleasure Business Vacation Weekend Total
Mode (percentage)

Autoltruck/RV_ 77 58 74 83 73
Airplane 18 37 20 13 22
Bus 3 2 3 2 3
Train 1 _ 1 1 1
Other 1 2 1 1 2

Total number of trips (millions) 460.9 155.6 422.3 280.2 661.1d
Average trip distance (miles) 867.0 1020.0 953.0 689.0 898.0

Source:
U.S. Travel Data Center, 1990 Travel Market Report, Washington, D.C., 1991, Appendix F, pp. 1, 5.

Figure 4.4. Mode of _ by Trip _ 1990
ORNL-DRW 93-6685

100

8O

20

0
Pleasure Business Vacation Weekend

Trip Purpose
t Source: SeeTable 4.6.

al

"The sum of the components may not equal 100 percent due to rounding. A trip is defined as "each
time a perso_ goes to a place at least 100 miles from home and returns.'

_l"hiscategory also includes rental cars. RV - recreational vehicle.
than 1 percent.

'VI'hesum t,f the components may not equal the t_;al number of trips due to multiple responses.

i

-im,r ,,,,iii., "III ......
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A_cordillg to _ U.S. Cens_ dat_ the _etll_ge of w_ WhO ,:olpooled hds drop_ed fgom 19.7% in
1 80to 13.4% m 1990. Thepercent ofworkers usingpublic tranaitdeclinedfrom 64% to 5.3% during
the same time period. The average travel time increased by 0.7 minutes from 1980 to 1990.

Table 4.7
Meam of Tmnsportatioa to Work br the United States: 1980 and 1990 Ceases

1980 Census 1990 Census

Number Number

Means of Transportation of Workers Percentage of Workers Percentage

Private vehicle 81,258,496 84.1 99,592,932 86.5

Drove alone 62,193,449 64.4 84,215,298 73.2

Carpooled 19,065,047 19.7 15,377,634 13.4

Public Transportation 6,175,061 6.4 6,069,589 5.3

Bus or trolley bus" 3,924,787 4.1 3,445,000 3.0

Streetcar or trolley car" b b 78,130 0.1

Subwayor elevated 1,528,852 1.6 1,755,476 1.5

Railroad 554,089 0.6 574,052 0.5

Ferryboat b b 37,497 0.0

Taxicab 167,133 0.2 179,434 0.2

Other Means 703,273 0.7 808,582 0.7

Motorcycle 419,007 0.4 237,404 0.2

Bicycle 468,348 0.5 466,856 0.4

Walked only 5,413,248 5.6 4,488,886 3.9

Worked at home 2,179,863 2.3 3,406,025 3.0

Total Workers 96,617,296 100.0 115,070,274 100.0

Average travel time 21.7 22.4
(minutes)

Source:

Data provided by the Journey-to-Work and Migration Statistics Branch, Population Division, U.S. Bureau
of the Census.

'This category was "Bus or streetcar" in 1980.
bData are not available.
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Table 4.8
Summary Statistiot on Deeeographic Clmractetir,t_

and Total Travel
1969, 1977, 1983, and 1990 _ of the

|irl ii I d

Change
1969 1977 1983 1990 ' 69-90" 59-90b

]

1 person 10,980 16,214 19,354 22,999 3.6 1119
2 persons 18,448 2;l,925 27,169 30,114 2.4 63
3 persons 10,746 13,046 14,756 16,128 2.0 50

4+ persons 22,330 23,227 24,092 24,106 0.4 8

Ali 197,213 213,141 229,453 239,416' 0.9 21

Under 16 60,100 54,958 53,682 54,303 -0.5 -10
16-19 14,598 16,552 15,268 13,_,J1 -0.2 -5
20-34 40,060 52,252 60,788 59,517 1.9 49
35-64 62,982 66,988 75,353 82,480 1.3 31
65 + 19,473 22,391 24,362 26,955 1.6 38

Ali Male 94,465 102,521 111,514 114,441 0.8 21
Ali Male - 16 and older 66,652 74,542 83,645 86,432 1.I 30

Ali Female 102,748 110,620 117,939 124,975 0.8 22
Ali Female - 16 and older 73,526 83,721 92,080 96,371 1.1 31
Ali - 5 and older NA 198,434 212,932 222,101 0.9d 12's

Lt_ D_ !:i:i!i::i_:i_:ii_:::_ili::i_:::i
Ali 102,986 127,552 147,015 163,025" 2.2 58

Male 57,981 66,199 75,639 80,289 1.6 38
Female 45,005 61,353 71,376 82,707 2.9 84

•wo s (ooo) i!:.!:ii!ii i!iiil!ii!iiiii!iiiiiiiiii!iiiil.ilii!i!!!ii!i!iiiiii!!:!i,,iii :i!iiiiiii
Ali 75,758 93,019 103,244 118,343" 2.1 56

Male 48,487 55,625 58,849 63,996 1.3 32
Female 27,271 37,394 44,395 54,334 3.3 99

,,,, I"', , _ "'_ , , ,, ,, ," ' ;1" ..... _", I ,,,' ' ' ,, ' I' I

Source: U.S. Department of Transportation, Federal Highway Administration, 1990 Nationwide Personal Transportation
Study:. Summary of Travel Trends, Table 1, Washington, DC, March 1992.

"Compounded annual percentage change rate.
bpercentagechange rate.
"Includes "don'tknow" and "refusals."

'For years 1977-1990.
"1969survey includesonlyautomobiles,stationwagons,andvanbuses/minibusesashouseholdvehicles.
f1969surveydoesnotincludewalkandbicycletrips.
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I The percentage of households without a vehicle dropped from 20.6% in 1969 to 9.2% in

1990, while the percentage of households wi_ three or more vehicles available quadrupled,
Over the 1969 to 1990 period, the total number of households increased by 49% while the
number of household vehicles increased by 12,_%.

, nnmn II

Table 4.9
Numbearof Home,lmlds by Ve,hic_ Availabk

1969, 1977, 1983, and 1990 Series of the

Number Change
of Vehicles

Owned 1969' 1977 1983 1990 69-9(P 69-9(P

No Vehicle 12,876 11,538 11,548 8,573 -1.9 -33
(20.6%) (15.3%) (13.5%) (9.2%)

1 Vehicle 30,252 26,092 28,780 30,654 0.1 1
(48.4%) (34.6%) (33.7%) (32.8%)

2 Vehicles 16,501 25,942 28,632 35,872 3.8 117
(26.4%) (34.4%) (33.5%) (38.4%)

3+ Vehicles 2,875 11,840 16,411 18,248 9.2 535
(4.6%) (15.7%) (19.2%) (19.5%)

ALL
HOUSEHOLDS 62,504 75,412 85,371 93,347 1.9 49

ALL
HOUSEHOLD 72,500 120,098 143,714 165,221 4.0 128
VEHI_

VEHI_ PER
1.16 1.59 1.68 1.77 2.0 53HOUSEHOLD

Source: U.S. Department of Transportation, Federal Highway Administration,
1990 Nationwide Personal Transportation Survey: Summary of Travel Tren._,
Table 4, Washington, DC, March 1992.

"The 1969 survey does not include pickups or other light trucks as household vehicles.
bCompounded annual percentage change rate.
CPercentagechange rate.
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Both annual VMT and annual vehicle tripsper hottsehold increased by 22% between 1969
and 1990. Work trips continue to account,for the largestproportion of household travel,
both in terms of miles and in number of trips. Average vehicle trip lengths, which had been
decreasing from 1969 to 1983, showed increases in 1990. The largest increase in trip length
wasin worktrips.

Table 4.10

Average Annual VMT, Vchide Trips agglTrip Length
Per Houw,lmld for Se,lect_ Trip Puqms_

1969, 1977, 1983, and 1990 Sexkz of tile NPI'S

Percent

Trip Purpose 1969 1977 1983 1990 Change

: i:i:i:i:i:!::i

Home to Work 4,183 3,815 3,538 4,853 16

Shopping 929 1,336 1,567 1,743 88
Other Family or Personal Business 1,270 1,444 1,816 3,014 137
Social and Recreation 4,094 3,286 3,534 4,060 -1

.......... !z4z...........:lz ........ ..................!s.100.........................= ...........
Home to Work 445 423 414 448 0.7

Shopping 213 268 297 345 62
Other Family or Personal Business 195 215 272 411 111
Social and Recreation 312 320 335 349 12

...._r.. .!.396....... !,_2 ........................!,,_... 1.702..............22.

Home to Work 9.4 9.1 8.5 11.0 17

Shopping 4.4 5.0 5.3 5.1 16
Other Family or Personal Business 6.5 6.8 6.7 7.4 14
Social and Recreation 13.1 10.3 10.5 11.8 -10

AlP 8.9 8.4 7.9 9.0 1
i i i i iii ii

Source: U.S. Department of Transportation, Federal Highway Administration, 1990
Nationwide Personal Transportation Survey: Summary_of Travel Trends.,Table 7,
Washington, DC, March 1992.

'Includes trip purposes not shown above.
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F_,u_4.7. ]-]o_,h_ Vchi_ TrmrJfor_ T_ _
1969, 1977, 1983, ud 1990 _ d _ ORNL-ORW_0088

6,000

"0 5,000 - 4.85,3

4,183 HometoWork

4,0oo_.._._= 5
" " --. - " " -SocialandFloorealion- ._ .... _-_"_,_, _ m _ ¢.. m _ ,,-, m_-

; 3,000 - 3,014
.,,,.,,.., ,, .° .

'_ .°,°""""

, ,,,. ,,°.,,,,

m 2,000 OthorFamilyor Porsonal Businoss 1,81.6 ............ 1,743
1 " _ ..............................I ;',_7 ........ _ .......

1,270 ...........................................:':':.'::':................... 6hopping

'_ 1,000 ......

0 l I I ........ I
969 1977 1983 1990

Year

14

3.1

12 " SocialandRocrealion 11.8

" ,1,0.3 ....
¢..
__ 10 HometoWork

9.4 _ 9.1

o 8
•_ Other FamilyorPersonalBusiness 7.4
o)
:> ...- ($,8 j-_.............................................6.7 ......................................• o,..o.....................................................................................................

5.3
_ 5.0 .................................................

Shopping 5,1

"4.4 _ ..........................

4 -

2 I I I ,,, !
1960 1977 1983 1_0

Soulo= Year
U.S. Dcpartmcnt of Translx)rtation,FederalHighwayAd_tioo, 1990NationwidePersonalTransportation
Surry. Summary of Travel Trend#., Figure 5, Washington, DC, March 1992.
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II I I I lit

Theaveragevehicleoccupancy,calculatedaspersonmilespervehiclemile,wasatitslowest

level since 1977 for every trip purpose. Several factors contributed to this decline in the
vehicle occupancy rate, including the increa'sednumber of vehicles per household and the
decrease in average household size.

_ I ffl II III II Illl I II

Table 4.11
Average Vehicle Occupancy fat _ Trip

1977, 1983, mid 1990 _ Of tl_
(peaCh pe,w.hi mile)

iChange

Trip Purpose 1977 1983 1990 77-90" 77-9(P
i

1

Home to Work 1.3 1.3 1.1 -1.3 -15 Ia

Shopping 2.1 1.8 1.7 -1.6 -19 I
IOther Family or

Personal Busine,s 2.0 1.8 1.8 -0.8 -10 ii

Social and Recreation 2.4 2.1 2.1 -1.0 -13 I

I
. Ali Purlm¢_ , ... 1.9 , !.7 1.6 -1.3 -16 |

Source: U.S. Department of Transportation, Federal Highway
Administration,1990 Nationwide Personal Transportation Survey:
Summaryof Travel Trends, Table 8, Washington, DC, March 1992.

'Compounded annual percentage change rate.
bpercentage change rate.
qncludea other purposes not shown above such mstrips to school, church, doctor, dentist,

and work-related business trips.
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0
INg Ig77 Igm IN0

Soum= Year

U.S.Department ofTransportation,FederalHighway Adminiaration,I=_990NationwidePcnonal Tramoortatioa

Survey:Summary ofTravelTrends,Figure7,Washington,DC, March 1992.

Table 4.12
Distn'bution of Journey-to-Work Tdps by Usual Mode*

1969, 1977, 1983, and 1990 Sex_ of the NFrs
tage)

Mode 1969 1977 1983 1990

Auto 82.7 80.5 77.6 91.4
Truck b 8.1 12.5 14.8 -
Public Transit 8.4 4.7 5.8 5.5

Other 0.8¢ 2.3 1.8 3.1

Total 100.0 100.0 100.0 100.0
i |lii " i _ i i i i i i

Source: U.S. Department of Transportation, Federal Highway Administration,
1990 Nationwide personal Transportation Survey: Summaryof Travel Trends,
Table 9, Washington, DC, March 1992.

"Usualmode is defined as the main means of transportation to work during the week
preceding the interview. 1990 survey combines automobile and truck as a single mode.

bHousehold-based trucks, primarilypickups.
W.xcludeswalk trips.
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The average commute trip length increased by 7% from 1983 to 1990, from 9.9 miles to
10.6 miles. Yet the commute time declined by 3% during the same period. This observation
might be partially due to the fact that a greater number of suburban and exurban residential
areas and employment centers were developed. The resulting commutes are longer but are
travelled at faster speeds. The decline in travel time is also influenced by changes in
commuting modes, with a decrease in transit and carpooling and an increase in drying
alone.

Table 4.13
Commuting Patterns of Journey-to-Work Trips by Mode

1969, 1977, 1983, and 1990 Series of the NFI'S

.., .. x

Change

Mode 1969 1977 1983 1990 69-9(P 69-90b

Auto 9.4 9.2 9.9 10.4 0.5 11

Truckc 14.2 10.6 11.4 13.0 -0.4 -8

Bus 8.7 7.2 8.6 9.3 0.3 7

ALL 9.9 9.2 9.9 10.6 0.3 7

ALL 22 20.4 20.4 19.7 -0.5 -10
i I i i

Source: U.S. Department of Transportation, Federal Highway Administration,
1990 Nationwide Personal Transportation Survey: Summaryof Travel Trends,
Table 10, Washington, DC, March 1992

'Compounded annual percentage change rate.
bpercentage change rate.
• Iouschoid-based trucks, primarilypickups.
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Table 4.18

AverageAnnualMilesperVehiclebyNumber ofVehiclesAvailable
1969,1977,1983,and 1990Sexiesofthe

Change

Number of Vehicles 1969" 1977 1983 1990 69-90b 69-9W

One 10,800 10,051 10,257 12,125 0.6 12

Two 12,000 10,874 10,854 12,978 0.4 8

Three or more 12,800 10,791 9,793 11,972 -0.3 -6

TOTAL 11,600 10,679 10,315 12,458 0.3 7

'1969 survey includes autos, vanbus/minibus only.
bCompounded annual percentage change rate.
_Percentage change rate.

Smace:

U.S. Department of Transportation, Federal Highway Administration, 1990 Nationwide
Personal Transportation Study: Summaryof Travel Trends, Table 13, Washington, DC,
March 1992.

Irgure4.13.AverageAnnualMilesPerVehidebyNumber ofVehidesAnilable
1969,1977,1983,and1990SeriesOftheNFIS

ORNL-DRW
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Soumec:

U.S. Department of Transportation, FederamHighwayM_tion, 199oNat',,.K2pwidepen(_ Trapsoectation
Survey:. Summary of Travel Trench. Figure 12, Washington, DC, March 1992.
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Table4.19

Average Annual Miles Pcr Vehicle by Number of Adults in Househoki
1971, 1953, and 1990 _ of the NFTS

i iii '1........ , m i,i

Change

Number of Adults 1977 1983 1990 77-90' 77-90 b

One 9,423 9,517 11,416 1.5 21

Two 10,785 10,303 12,573 1.2 17

Three or more 10,943 10,679 13,084 1.4 20

ALL 10,679 10,315 12,458 1.2 17
i ii i ii , , m ,,,,i ,,, li ii

*Compounded annual percentage change rate.
bpercentage change rate.

Somce:

U.S. Department of Transportation, Federal Highway Administration, !990 Nationwide
Personal Transportation Study: Summary of Travel Trends, Table 14, Washington, DC,
March 1992.

F_mre 4.14.AverageAnnual MilesPcr Vehicleby Number ofAdultsinHomeJm_
1977,19B3,and 1990Seriesof the

ORNL-DRWg3_Og4
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i OrwP_kJ
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1Z000 l_r_ 10,g43 10.6zu
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6,000

2,OOO

0
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Year

,Somoc:
U.S.Departmentof Transportation,FederalHighwayAdministration,1990NationwidePersonalTraruox__tioa
Survey:.Summaryof TravelTr¢_nds,FigureI,Washington,DC, March1992.
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Although travel by males still accounts for a majority of the total trave_ travel by females
continues to increase. A significant jump in the share of travel by females was observed in
the past 20 years - from 26.8% in 1969 to 35.4% in 1990. From 1983 to 1990, the share
of travel by males, compared across ali age 8roups, either remained relatively constant or
decreased. In contrast, travel by females increased across all age groups, except for the 55
to 64 age group.

Table 4.20
Disml_ution of Annual Miles by Driver Age and Sex

1969,1977,1983,_ 1990_ ofthe

.........

Age 1969 1977 1983 1990

16-19. 3.1 3.2 2.0 2.0

20-34 27.0 29.7 28.6 24.3

35-54 30.1 27.2 27.0 27.1

55-64 9.3 8.5 9.3 6.8

65+ 3.7 3.7 3.8 4.4

TOTAL 73.2 723 70.7 64.6

16-19 1.5 1.6 1.1 1.5

20.34 9.9 11.9 12.4 14.6

35-54 11.3 10.1 10.9 14.3

55-64 2.9 2.8 3.4 2.9

65+ 1.2 1.3 1.5 2.1

TOTAL 26.8 27.7 29.3 35.4

Source:
u.s. Departmentof Transportation,FederalHighwayAdministration,1990

NationwidePersonalTransportationSurvey:Summaryof TravelTrends,Washington,DC,March
1992.



4-32

I

I As households owned more vehicles, the average annual miles for the most frequently driven

vehicle increased. For example, the most frequently driven vehicle infive-vehicle households
was driven 31% more per year than the one in two-vehicle households (20,300 miles vs.
15,500 miles).

II I

Table 4.21

AverageAnnualM_lesperV_ by
Ho_Jx_l V_ O_ 1990

Total number of Vehicle' Ali
vehicles owned vehicles
by household # 1 #2 #3 #4 #5

1 11,500 .... 11,500

2 15,500 8,400 - - - 12,200

3 17,500 9,900 4,900 - - 11,200

4 18,800 11,600 7,100 3,800 10,900

5 20,300 12,800 8,900 5,100 2,900 10,600

Soul'l_:

Generated from the U.S. Department of Transportation, Federal Highway Administration,
1990 Nationwide Personal Transportation Survey,Public Use tape, March 1992.

'Vehicles are ranked by descending annual miles driven.



CHAPTER 5

ALTERNATIVE FUELS STATISTICS

In 1991, the transportation sector alone consumed 21.4 quads of petroleum fuels,

accounting for 65.4% of total petroleum consumed in the United States. With decreasing

in domestic oil production and rising demand, the amount of imported crude oil and

petroleum products has increased at an average rate of 6.8% per year since 1985. In

1991, 47% of the U.S. petroleum consumed was imported. These statistics suggest that

addressing the nation's dependence on petroleum will require reducing the dependence of

the transportation sector on petroleum fuels.

Conventional petroleum fuels in motor vehicles are among the major contributors

to environmental pollution around the world. Typically, motor vehicles emissions account

for 30-50% of urban hydrocarbon, 80-90% of carbon monoxide and 40-60% of nitrogen

oxide emissions. Alternative and reformulated fuels may offer the potential to reduce

these pollutants significantly.

Because of increasing concerns about environmental pollution and the growing

U.S. dependence on petroleum, the policy-makers began to search for ways of diversifying

energy sources by switching from conventional to alternative and reformulated fuels'.

"The Clean Air Act Amendments of 1990 (CAAA) include programs for oxygenated

gasoline and for reformulated gasoline (RFG). The oxygenated gasoline program requires

that, beginning November 1, 1992, gasoline with a minimum oxygen content of 2.7 weight

percent must be sold during winter months in about 40 cities not in compliance with

carbon monoxide (CO) standards. RFGs are required by January 1, 1995, in nine areas

with extreme or severe ozone pollution problems ("covered ozone nonattainment areas").

About 100 other cities with marginal, moderate, or serious ozone problems may "opt-in" to

the RFG program.

'Information about the California emission standards is contained in Chapter 3,
Section 3.7 Vehicle Emi_ionL
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"The law specifies both a formula and also emissions performance standards for

RFG. The nine areas in the extreme andserious ozone nonattainment categories

currently comprise about 25 percent of the nation's gasoline market. However, because of

the gasoline distributionsystem, surroundingareas will probably receive RFG as weil.

Taking these surrounding areas into consideration, the minimummarket for RFG in 1995

" is expected to be 30 percent of the current market.

"Other areas are allowed to petition the EPA to opt-in to the oxygenated and

RFG programs. The most likely areas to request clean gasolines are the other less severe

ozone and CO non-attainment areas, which account for 20 to 35 percent of current

gasoline demand. A significant motivation to enter the programswill come in November

1993, when State Implementation Plans (SIPs) are required. In the SIPs, states will have

to demonstrate their strategies for achieving compliance with clean air standards. Using

clean gasolines to reduce vehicular emissions could be more attractive than other

alternatives. The total market for clean gasolines is uncertain, but it could exceed 50

percent by 1996-1997.

"Besides requiting RFG in the covered ozone nonattainment areas, the CAAA

requires that gasoline in ali other areas not be any more polluting than it was in 1990.

Without this "anti-dumping"provision, the potential exists for emissions from conventional

gasoline to worsen as polluting fuel components are removed from and environmentally

beneficial components are added to gasoline to be sold as RFG.

"In addition to constraints on the quality of gasoline, the CAAA also limits

highwaydiesel fuel to a maximum sulfur content of 0.05 weight percent and a minimum

cetane index of 40, effective October 1, 1993.

"With the passage of the CAAA, environmental regulations will dictate the market,

define product composition and performance, influence technology, change consumer

expectations of performance, and determine the feasibility of various production and

supply options'."

"G.R. Hadder, Oak Ridge National Laboratory, Reformulated Gasoline: Costs and
Refine_ Impacts, (ORNL-6747, Draft), Oak Ridge, TN, March 1993, pp. 1-1 & 1-2.
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In 1988 the Alternative Motor FuelsAct (AMFA) was established to encourage

the use of alternative fuels in the U.S. transportation sector. As a result of the AMFA,

the Alternative Fuels Data Center (AFDC) was established by the Department of Energy.

Information about the AFDC and statistics and maps generated by the AFDC are

presented in this chapter, as well as information about the U.S. Advanced Battery

Consortium. Also presented in this chapter are the characteristics of selected alternative

fuels and statistics on the use of gasohol, a blend of gasoline and ethanol.
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THE AL_ATIVE FUELS DATA

The Department of Energy (DOE) has established the Alternative Fuels Data

Center (AFDC) in support of its work aimed at fuWdlingthe Alternative Motor Fuels Act

(AMFA) directives. The AFDC is operated and managed by the National Renewable

Energy Laboratory (NREL) in Golden, Colorado.

The purposes of the AFDC are:

• to gather and analyze information on the fuel consumption,

emissions, operation, and durability of alternative fuel

vehicles; and

• to provide unbiased, accurate information on alternative

fuels and alternative fuel vehicles to government agencies,

private industry, research institutions, and other

interested organizations.

The data are collected for three specific vehicle types: (1) light-

duty vehicles, including automobiles, light trucks, and mini-vans; (2)

heavy-duty vehicles such as tractor trailers and garbage trucks; and (3)

urban transit buses. An Oracle Relational Database Management System is

used to manage the data, along w/rh a statistical software package

capable of providing statistical, graphic, and textual information to

users. The next two tables and four graphs contain statistics which were

generated by the AFDC. Future editions of the Transportation Ener_ Data

Book will continue to present graphical and statistical information from the AFDC.

The Department of Energy is now sponsoring the National Alternative Fuels

Hotline for Transportation Technologies in order to assist the general public and

interested organizations in improving their understanding of alternative transportation

fuels. The Hotline can be reached by dialing 1-800423-1DOE.
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In fiscal year (FY) 1991, there were 81AMFA Federal vehicles at four geographic locations
in the U.S. Of these 81 vehicles, 16 are conventional gasoline fuel vehicles (control
vehicles) and 65 are alternative fuel vehicles (A_Ws) which are capable of operating on any
mirture of gasoline and methano_ up to a mixture of 85% methanol For comparative
purposes, the vehicles were categorized into three groups:

M85 AFVs 57 vehicles which operated on M85 (85% methano_ 15% unleaded

gasoline) predominantly
GasotineAFVs 8 alternative fuel vehicles which operated on unleaded gasoline

predominantly
Conventitmal

gasoline w.hicles 16 conventional vehicles which operated only on unleaded gasoline

Table 5.1

On-Road Fuel/F.aergy Economy Summary for the AM]FA Federal Vehidm, FY 1991

Number
Vehicle site and type of miles per mpg-gasoline Btu/mile

vehicles gallon energy equivalent"

Washinr.uon, DC
M85 AFVs 21 10.9 19.3 5,959
Gasoline AFVs 2 19.1 6,243

b b

Conventional gasoline vehiclesb 4

Detroit, MI

Mg5 AFVs 18 14.1 24.8 4,534_
Gasoline AFVs b 2
Conventional gasoline vehicles 4 22.5 5,404

Ange CA
M85 AFVs 9 13.5 23.7 4,67:_b
Gasoline AVFs b 2

Conventional gasoline vehicles 4 24.6 4,771

San Diego, CA
M85 AFVs 9 14.7 25.9 4,265b b
Gasoline AVFs b 2
Conventional gasoline vehicles 4 21.6 5,249

Sonnar.:

Office of Transportation Technologies, U.S. Department of Energy, Federal Alternative Fuel
Program Li_,htDuty Vehicle Operations, Washington, DC, March 1992, pp. 2, 13. Generated by
the Alternative Fuel Data Center, Golden, CO.

"Becausegasoline has almost twice the energy content per gallon as M85, regular mpg data are
not comparable in terms of energy efficiency.

bNo informatio,_ was collected on these vehicles in FY 1991.
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l As of August1992 there were 3,691altemative refuel sites in the United States. This list l

includes public and private refuel sites, however, not ali of these s_tesare available to the
public.

II Ill

5.2
Numbe¢of Allernati_eRefuel Sites bySlamandFuel_ 1992

M85 NO LPG E85
State Sites Sites Sites Sites TOTAL

Alabama 6 85 91
Alaska 8 8
Arizona 1 10 45 56
Arkansas 6 104 110

Georgia 17 80 97
Idaho 20 20
Illinois 1 14 165 180
Indiana 23 124 147

110

Massachusetts 41 41
Michigan 1 4 182 187
Minnesota 9 125 134
Mississippi 75 75

New Mexico II 46 57
New York 4 8 100 112
N.Carolina I 72 73
N.Dakota 3 17 20
Ohio 2 27 98 127

Orelmn:: i . : : ' : ' :4_ : :: ::
Pcnnsv_: .... : • :28:: ::ii :132 !::i: ::: i ::i!:160::i:
Rhode Island" ' '
S. Carolina ' : ' ' :: " 43: : _: :: :. :_ ' :: 43:::_
S. Dakota 2 24 1 27
Tennessee 1 3 80 84
Texas 10 202 212
Utah 4 20 24
Vermont 33 33

Yirffinia : " : : 3 ...... i :::: : .... : i, i::i!41:i'_i:_I
WaahinRton 1 ' ::18:: : : : :37 :: : ::.: :!56i:::

::Wisconsin 21: i39 i:::::: : : .:.:.160
.:Wvomin_'.:..:.............................i...... :...................... ... :: i.:.::.......!::.::::.2':iii:iii..:......!..331!:iii: i:::....::.:i:..:i:.::.::...i:i:..i:ii::::35::.:::.:i!i

united states 4,3, 349 _,_7 _ 3.691

Source:

Data provided by Alternative Fuels Data Center, National Renewable Energy Laboraton/,Ooklen, CO, August
1992.
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ORNL-DRW 93-6607

CNGRefuelingSites

_ b (MapCourtesyofAFDC)t_ '_ Stateof:Indiana
" & & Scale:1 in"33 mi

SYMBOLS: DESIGNATIONS:
* = RefuelingSite 1-80= Interstate80,forexample
- = City Location 123 = Refueling Site Map Number

Source: Alternative Fuels Data Center, Golden, CO, "Refueling Site Maps', October25, 1992.
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ORNL-DRW

Methanol and Ethanol Refueling Site_

California

140

4?
S3

I.IO

SYMBOLS: DESIGNATIONS:
•= Refueling Site 1-80= Interstate 80, for example
• - City Location 123 -- Refueling Site Map Number

Soume,: AlternativeFuels Data Center, Golden, CO. "RefuelingSite Maps', August25, 1992.
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I II III II I

Executive Order 12759 of April 17, 1991, Federal Energy Managemen4 Section 11, "Procurement of
Alternative Fueled Vehicles" requk_r that the "_ number practicable of vehicles acquired
annually are alternative fueled vehicles." The guidance document developed by DOE with interagency
consultation established goals for the Federal procurement of alternative fueled vehicles (AFVs)
(Figure 5.5). The breakdown of Federal agency requests for AFVs in the 1993 flscal year by vehicle
type and fuel type is shown in Figure 5.(x
III Illl I

5.5.a'ar .,q lam or veuam br
ORNt._

1993 _ 5,000

.__ 1996 12.500
Lt.

...................

1 _1_8 _25,00022:'2"2.2': ":_:':_:2":22222:11:;:22;:::j:::_::.:::_2_:2:::::_;::::J::::12:2:2:::21212:2:2::;::2:::::::2:::2:::2:2:

0 5,000 10,000 15,000 20,000 25,000 30,000

Number of Alternative Fuel Vehicles

lOO

15,707 Total requests]_ I_ fueledAlC°h°lt

Natural g
fueled

eO /'7
//
//

m 40 //
IX. 34 34 //

//
//
//
//

20 _s //la ,.,
//
//

0 z.z
Sedans Pickups Vans Other

vehicles
_'Other includes LPG and electric vehicles.

Somm:

Office of Transportation Technologies, U.S. Department of Energy, "Alternative Fuel
Vehicles for the Federal Fleet: Results of the 5-Year Planning Process,"
Washington, DC, August 1992, pp. 4, 13.
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US. ADVANCED BATrERY CONSORTIUM

Electric vehicles are the subject of intense research and development because they are required to

be sold in California in 1998 (2%) rising to 10% in 2003 under the California Low-Emission Vehicle

(LEV) program. Other states have indicated that they will also enforce the LEW program. One of

the greatest advantages in using electric vehicles is that there are no vehicle emissions. The U.S.

Advanced Battery Consortium (USABC) was established in January 1991 to concentrate efforts on

battery development for future electric vehicles. The USABC consists of: the Big Three U.S. auto

manufacturers (Chrysler, Ford, General Motors); the Electric Power Researc_ Institute; the electric

utility industry, and the U.S. Department of Energy.

In Ft' 1992, the USABC has focused on establishing agreements for the development of advanced

batteries. The USABC also entered a series of Cooperative Research and Development Agreements

(CRADAs) with several DOE National Laboratories during this period. The following agreements

have been concluded:

• the development of nickel metal hydride battery by to Ovonics Battery Company

• CRADA with National Renewable Energy Laboratory to develop advanced

insulation for high temperature batteries

• CRADA with Lawrence Berkeley Laboratory for lithium polymer battery

technology development

• the development of lithium polymer battery jointly with W.R. Grace Consortium

• CRADAs with Argonne National Laboratory for development of lithium iron

disulfide battery technology and testing of advanced batteries

• CRADA with Idaho National Engineering Laboratory for testing of advanced

batteries

• CRADA with Sandia National Laboratory for development of lithium polymer

battery technology and battery reclamation.
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In FY 1992 the USABC reviewed the development criteriafor mid.term goals. Reassessment
of these criteria, which wereoriginally defined in early 1991, resulted in no significant changes.
Concerns about the potential for advanced batteries to meet the high power requirements
demanded by the automotive customer and the ability of batteries to rapidly recharge are
reflected in the revised goals.

I

Table 5.3

Advanced Batteff Tedmoiogy Goala of the U_. _ Batte_ Comovltnm

Mid-term goal Long-term goal'
(1995-1998)

Power density W/L 250 600

Specific power (charge) W/kg 150 400
(80% DOD/30 sec) (200 desired)

Specific power (recharge) W/kg 75
(20% DOD/10 sex)

Energy density Wh/L 135 300
(C/3 discharge rate)

Specific energy Wh/kg 80 200
(CB discharge rate) (100 desired)

Power/energy ratio 1.5-2.5

Life (years) 5 10

Cycle life (cycles) 600 1000
(80% DoD)

Power and capacity degradation 20% 20%
(% of rated spec)

Ultimate price (S/kWh) <$150 <$100
(10,000units@ 40 kWh)

Operating environment -30 to 65° C .40 to 85° C

Normal recharge time <6 hours 3 to 6 hours

Fast recharge time 50% of capacity
in <30 minutes

Continuous discharge in 1 hour 75% 75%
(no failure) energy (of rated energy capacity) (of rated capacity)

Source:

U.S. Department of Energy, Office of Transportation Technologies, Washington, DC, 1991.

'Competitive with today's internal combustion engine vehicles.
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III IIII

I WhilepropertiessuchasReidvaporpressureandoctanenumbercanbedeterminedforneatmy_nates,thesevalues

donotrepresenttheirbehaviorinafinalgasolineblend.BkadiagrenownarethereforeusedforOaspurpose.The
blendingnumbersvarybymygenatetype,conc_ andbase.stockcong_ition.TheblendingmunbersonOtis
tablearedirectlyrelatedtothebasestocktestedandshouldnotbeusedoutofcontoa.

_ ]]

Table5.4

i

Elhas_ (EthylAl_bol) CH3CH2OH (orC_sOH)
Me4hanal(Me4hylAlcohol) CHsOH
Ethaae CHsCH3(or C.zH,)
Methane CH4
Gasoline C4HtotoCtzHx

,s/cat proj en/a
Ethanol Methanol Gasoline

MolecularWeight (MW) 46.07 32.04 '
Specific Gravity (60°F/60°F) 0.794 0.796 0.72-0.78
Density(Ib/gal@ 60°F) 6.61 6.63 6.0.6.5
Boiling Point 78°C (I73°F) 65°C (I49°F) 27-225°C (80-437°F)
ReidVaporPressure(RVP)

Neat (psi) 2.3 4.6 '
Blending number(psi) 12-27 93-98 8-15

Octane Numbex
Neat 97 98 "

Blending number 1 | I b | 15 © 84-93

Water solubility (volume % @ 70°F) 100% 100% d
LaW,at heag of vaporization

Btu/gai @ 60°F 2,378 3,340 900
Btu/Ib@ 6{Y'F 396 506 150

Heating Value (lower)
Btu/Ib 11,500 8,570 18,000-19,000
Btu/gal @ 60°F 76,000 56,800 109,000-119,000

Enexgy Release (Btu/fls) 94.7 94.5 95.2
Stoichiometric air/fuel weight 9.00 6.45 14.7

Source:

Tshiteya, Rene M. and Ezio N. Vermiglio, Properties of Alcohol Transportation Fuels, Alcohol
Fuels Reference Work #1, prepared for the Biofuels Systems Division, U.S. Department of
Energy, by Meridian Corporation, Alexandria, VA, July 1991, pp. 2-i, 2-8.

*Not applicable.
bFor 10% ethanol blending with gasoline.
CFor5% methanol blending with gasoline.
eNegligible.
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The warranties of most passenger vehicles sold in the United States ccver up to the following fuel
concentrations in gasoline: Ethano_ 10%; ETBE, 17%; Metha,_ 3.5%; MTBE, up to 15%.

Table 5.5.
Re_ Vapor Pmmne of V_ __

% of % of BlendingAgent
Gasoline Alcohol/Ether Etl_nol " - ETBE° 'Methanol' MTBE'

100 0 9.00 9.00 9.00 9.00
95 5 10.10 8.80 12.30 9.40
90 10 10.00 8.60 12.40 9.20
85 15 9.90 8.30 12.30 9.10
80 20 9.75 8.10 12.20 9.10
75 25 _ 7.90 _
70 30 9.50 _ 12.05
50 50 8.70 _ 11.40 8.80
30 70 7.00 _ 10.00
15 85 5.0O_ _ 7.90_
10 90 4.30 • 7.20 8.I0
0 100 2.3O 4.40 4.60 7.80

Source:

Tshiteya, Rene M. and Ezio N. Vermiglio, Properties of Alcoho|Transportation Fuels, Alcohol
Fuels Reference Work #1, prepared for the Biofuels Systems Division, U.S. Department of
Energy, by Meridian Corporation, Alexandria, VA, July 1991, p. 4-i.

'Ethyl-tertiaw-butyl ether.
bMethyl-tertiary-butyl ether.
_Data are not available.
'Estimated.
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Table 5.6.
u_ Vmdmimof_ _ _ 197S-199t

(emm _)
i

Year Ethanol Methanol

1978 20 "
1979 40 1,111
1980 80 1,079
1981 85 1,294
1982 234 1,139
1983 443 1,204
1984 567 1,239
1985 793 760
1986 798 1,110
1987 825 1,108
1988 800 1,237
1989 750 1,085
1990 756 1,214
1991 875 1_y7_

Average annual percentage change

1978-91 33.7% 1.4%_
1982-91 15.8% 1.5%

Sources:
Ethanol - Information Resources, Inc., Washington, DC,

1991.
Methanol - EA-Mueller,lnc., Baltimore, MD, 1992.

1991 estimate - Crocco and Associates, Houston, "IX,
1992.

'Data are not available
bEstimate.

CAverageannual percentage change is for years 1979-90.
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I

I As of September 1992, nine states offered tax egenwtions to encourage the use of gasohol for

transportation purposes. Alaska offered the greatest exenW6an of eight cents per gallo_ while Iowa
and Connecticut both had the lowest exenwtion of one cent per gallo_ Some states, such as
Minnesota_ New Jersey,and New Mexico, have discontinued the exentp6on of gasohol in recentyears.

III

Table 5.7.

StateTa m=atptiomtw Chmtd
Septemb=1992

Exemption
State (cents/gallon of gasohol)

Alaska &0
Connecticut 1.0
Idaho 4.0
Iowa 1.0
Nebraska 2.0

Oregon 5.0
South Dakota 2.0
Washington 2.3
Wyoming 4.0

Soull:_

U.S. Department of Transportation, Federal Highway Administration,
"Monthly Motor Fuel Reported by the States, June 1992,"
October 1992, Washington, DC, Table MF-121T.
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Table 5.8
Consumptionby _ _tates, 19110-91"

(tno_ ofpalom)

Sourceg
1980-1990:. U.S. Department of Transportation, Federal Highway Administration, Hilhway Statistics 1990, Washington, DC, 1991,

Table MF-33GLA, p. 11, and annual.
1991: U.S. Department of Transportation, Federal Highway Administration, "Monthly Motor Fuel Reported by Statea, April 1992,"

Washington, DC, July 1992, Table MF-33GLA.

'The data reflect gallons of gasohol reportedby the distributorsin each of the selected states. Blanks
indicatedatawere not reported forthe state thatyear.

bpreliminarydata.
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NONHIGHWAY MODES

This chapter presents statistics for four major nonhighway transportation modes:

air, water, pipeline, and rail. The combined energy use for these four modes accounted

for over 22% of the total energy use in the transportation sector in 1990 (Table 6.1).

Air transportation accounted for the largest share (41%) of nonhighway transportation

energy consumption (Figure 6.1).

Section 6.1 discusses data on air transportation. Statistics on water

transportation are included in Section 6.2; pipeline data in Section 6.3; and rail data in

Section 6.4.

6-I
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Table 6.1

NonhighwayEnergyUae byMode, 1970-90

Nonhighway
traction

Year Air Water Pipeline Rail energy use Transportation,,, , energyuse"

(pereent of total) (trillion Btu)

1970 8.5% 4.9% 6.4% 3.8% 23.7% 15,305

1971 8.2% 4.4% 6.3% 3.5% 22.4% 15,907

1972 7.8% 4.1% 6.1% 3.6% 21.7% 16,949

1973 7.7% 4.6% 5.6% 3.7% 21.6% 17,813

1974 7.3% 4.7% 5.5% 3.8% 21.3% 17,088

1975 7.4% 4.9% 4.8% 3.4% 20.5% 17,329

1976 7.2% 5.4% 4.4% 3.4% 20.4% 18,389

1977 7.4% 5.8% 4.1% 3.3% 20.6% 19,071

1978 7.3% 6.5% 3.9% 3.1% 20.9% 20,035

1979 7.8% 7.7% 4.3% 3.3% 23.0% 20,101

1980 7.9% 8.7% 4.6% 3.3% 24.5 % 19,317

1981 7.6% 8.2% 4.7% 3.3% 23.8% 19,065

1982 7.9% 6.9% 4.6% 3.1% 22.6% 18,589

1983 8.0% 6.3% 3.9% 3.1% 21.4% 18,728

1984 8.5% 6.5% 4.0% 2.7% 21.7% 19,310

1985 8.5% 6.7% 3.9% 2.5% 21.6% 19,659

1986 9.0% 6.4% 3.6% 2.4% 21.5% 20,229

1987 9.2% 6.4% 3.7% 2.4% 21.7% 20,704

1988 9.3% 6.3% 4.1% 2.4% 22.1% 21,278

1989 9.2% 6.4% 4.1% 2.4% 22.1% 21,598

1990 9.5% 6.8% 4.3% 2.3% 22.9% 21,778

Source:.
Appendix A forTable 2.10.

'Does not include off-highway and militarytransportation energy use.
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Section 6.1
Air
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Air transportation activities can be categorized into two types: air carrier and

general aviation. General aviation aircraftserve a variety of purposes, such as business

and flight instruction, and include ali aircraftwhich do not belong to the air carrier fleet.

Since most of the aircraft in this category are used for personal activities, they do not

provide commercial passenger or freight services. Although general aviation aircraft

account for the majority of the number of aircraft in operation and fly almost five times as

many hours as their counterparts in the air carrier category, the lower speeds and the

smaller loads of general aviation aircraftresulted in a significantly smaller share of total

aircraft energy use than that of the air carrier fleet, 5.7% and 94.3%, respectively (Tables

6.2 and 6.4).

Aircraft-miles for domestic and international certificated route air carriers

increased by 6.4% from 1989 to 1990, while revenue cargo ton-miles increased by 9.5% in

the same time period. The movement of cargo by air carriershas been rapidlygrowing,

evidenced by the average annual increase of 9.8% from 1982 to 1990. Revenue

passenger-miles continued to increase in 1990; the passenger load factor, however,

declined to 62.7% from a high of 63.6% in 1989. The average passenger trip length for

scheduled domestic services increased in 1990 to more than 800 miles (Table 6.2).

Air carriers are classified based on operating revenues for the purposes of

statistical and financial reporting and analysis. The classifications, which were updated in

January 1984, are as follows:

CarrierC,mup OperatingRevenue
of donars)

Major Over $1,000
National $100- 1,000
Large regional $10 - 99.9
Medium regional $0 - 9.99
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International"certificated route air carriers more than doubled their revenue

aircraft-miles,revenue passenger-miles, available seat-miles, and revenue cargo ton-miles

from 1982 to 1990. The energy use for international air carriers did not quite double in

this time period due to increased aircraft efficiency. The domestic carriers also

experienced an increase in all types of activity from 1982 to 1990, but not as great an

increase as the international air carriers (Table 6.3).

Intercitv passenger travel by general aviation was 13 billion passenger-miles in

1990, which is only a slight decline from 1989. The hours flown by general aviation

aircraft and the number of aircraftalso declined from 1989 to 1990. These declines most

likely led to the decline in energy use, which fell from 134 trillion Btu in 1989 to

132 trillion Btu in 1990.

'Operating outside the territoryof the U.S., including operations between the U.S. and
foreign countries and the U.S. and its territories or possessions.
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Section 6.2
Water
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Due to delays in the release of 1990 data from the U.S. Department of the Army,

Corps of Engineers, the data in this chapter were not able to be updated. The latest

available data are presented.

DomesticmarinetrafficincludesallmovementsbetweenpointsintheUnited

States,Puerl.oRico,andtheVirginIslands.AlimovementsbetweentheUnitedStates

andforeigncountriesareclassifiedasforeigntraffic.Althoughu,-cliningsince1986,

domestictrafficstillaccountedformorethanhalfofthetotaltonsshippedinwaterborne

commerce.The combinedforeignanddomestictonnagein1989reacheda recordhighof

2,140milliontons(Table6.5).

1'heaveragelengthofhaulfordomesticwaterbornecommercedroppedin1989to

its_owestpointsince1977.Thisdeclineinaveragelengthofhaul,togetherwitha declirJe

intonsshippedin1989,resultedina 8.3%declineinton-miles.Despitethesedeclines,

energyusefordomesticwaterbornecommercerose2.3%from1988to1989(Table6.6).

The commodities most often moved by domestic commerce in1989 were

petroleum and products (41.8%) and coal and coke (19.2%). The longest average haul

per ton for total domestic commerce in 1989 was grain, which had an average of 1,072

miles (Table 6.7).
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billiontons wereshippedin internationalwaterbcmsecommercein 1989. Domesticconunerceaccounted
of total tonnage,which is only0.5%above the lowestdomestic sharein 19"7.

Table6.5
TonnageSlalisl_br Domesticand

International Wa_ Commerce,1970-89
(on'aiontoesppcd)

Foreign and Foreign Domestic Percent domestic
Year domestic total total' totaP of total

1970 1,532 581 951 62.1%
1971 1,513 566 947 62.6%
1972 1,617 630 987 61.0%
1973 1,761 767 994 56.4%
1974 1,747 764 983 56.3%
1975 1,695 749 946 55.8%
1976 1,835 856 979 53.4%
1977 1,908 935 973 51.0%
1978 2,021 946 1,075 53.2%
1979 2,073 993 1,080 52.1%
1980 1,999 921 1,078 53.9%
1981 1,942 887 1,055 54.3%
1982 1,777 820 957 53.9%
1983 1,708 751 957 56.0%
1984 1,836 803 1,033 56.3%
1985 1,788 774 1,014 56.7%
1986 1,874 837 1,037 55.3%
1987 1,967 891 1,076 54.7%
1988 2,088 976 1,112 53.3%
1989 2,140 1,038 1,103 51.5%

Average annual percentage change

1970-89 1.8% 3.1% 0.8%
1982-89 2.7% 3.4% 2.0%

Department of the Army, Corps of Engineers, Waterborne Commerce of the United States,
Calendar Year 1989, Part 5: National Summaries,.New Orleans, Louisiana, 1991, p. 5.

movements between the U.S. and foreign countries and between Puerto Rico and Virgin
and foreign countries are classified as foreign trade.
movements between U.S. ports, continental and noncontiguous, and on the inland rivers,

and connecting channels of the U.S., Puerto Rico, and the Virgin Islands, _xcluding the
Canal.
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IT he average length of haul dropped in 1989 to its lowest point since 1977. Although the tons i

shipped and ton-miles also declined in 1989, the number of vessels and energy use increased
slightly from 1988 to 1989.

I II IIIII II ni P

'I_ble 6,6

Summmy StatisticsforDomestic WalearborneCo_ 1970-89

Average
length Ener0

Number of Ton-miles Tom shipped of haul intensity Energy use
Year vessels" (billions) (millions);' (miles) (Btu/ton-mile) (trillion Btu)

1970 25,832 596 949 628.2 545 324.8
1971 26,063 593 944 628.1 506 300.0
1972 27,347 6A4 985 612.8 522 315.1
1973 28,431 585 990 590.7 576 337.0
1974 29,328 586 979 599.1 483 283.3
1975 31,666 566 944 599.9 549 311.0
1976 33,204 592 976 606.3 468 277.3
1977 35,333 599 969 618.0 458 274.3
1978 35,723 827 1,072 771.6 383 316.6
1979 36,264 829 1,076 770.0 457 378.7
1980 .'*,8,792 922 1,074 856.4 358 329.8
1981 42,079 929 1,051 884.0 360 334.5
1982 42,079 886 954 929.0 310 274.9
1983 41,784 920 953 964.6 319 293.7
1984 41,784 888 1,029 862.5 346 .'407.3
1985 41,672 893 1,011 883.5 446 398.6
1986 40,308 _73 1,033 845.3 463 404.0
1987 40,000 895 1,072 835.0 402 370.7
1988 39,192 890 1,112 804.3 361 321.3
1989 39,209 816 1,097 743.2 403 328.6

Average annual percentage change

1970-89 2.2% 1.7% 0.8% 0.9% -1.6% 0. !%
1982-89 -1.0% -1.2% 2.0% -3.1% 3.8% 2.6%

1970-88 Number of vessels - Personal communication with the U.S. Department of the Army,
Corpe of Engineers, New Orleans, Louisiana, 1988.

1989 Number of vessels - U.S. Department of the Army, Corps of F.ngineers,Waterborne Transportation Lines
of the United States, 1989, New Orleans, Louisiana, 1991.

1970-89 Ton-miles, tons shipped, average iength of haul - U.S. Department of the Army, Corps
of Engineers, Water.home Commerce of the United States, Calendar Year 1989, Part 5: National
Summaries, New Orleans, Louisiana, 1991, p. 89, and annual.

Energy Use - See Appendix A for Table 2.7.

"Grand total for self-propelled and non.self-propelled.
bThese figures are not consistent with the figures on Table 6.5 because intraterritory tons are not

included in this table.
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Section 6.3
Pipeline
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Although the tom" of petroleum transported by pipeline fell sligh@ from 1989 to 1990, the ton. |
miles stayed constant, indicating a slight increase in the distance the petroleum was moveg This iincrease in transport distance was probably due to an increase in the movement of refuted
petrolewn products, since crude petroleum had a slight decline in ton.miles from 1989 to 1990.

Table6,8

Pipeline Shipmmm of _, 19_9o

Domestic Crude Refined petroleum
natural gas Total petroleum transported petroleum products

consumption" (million (billion (billion (billion Energyuseb
Year (billion cubic feet) tons) ton-miles) ton-miles) ton-miles) (trillion Btu)

1972 22,100 876 476 285 191 985.3
1973 22,049 912 507 302 205 942.2
1974 21,223 879 506 303 203 877.9
1975 19,538 879 507 288 219 781.2
1976 19,946 934 515 303 212 749.0
1977 19,521 986 546 327 219 727.5
1978 19,627 982 586 360 226 680.0
1979 20,241 978 608 372 236 793.4
1980 19,877 961 588 363 226 838.5
1981 19,404 943 564 333 231 848.1
1982 18,001 964 566 335 231 798.8
1983 16,835 983 556 332 224 684.6
1984 17,951 1,007 568 333 235 726.2
1985 17,281 1,019 564 334 230 704.7
1986 16,221 1,035 578 335 243 684.1
1987 17,211 1,045 587 342 245 721.3
1988 18,030 1,067 601 351 250 824.0
1989 18,801 1,053 584 339 246 841.6
1990 18,721 1,046 584 335 249 873.9

Average annual percentage change

1972-90 -0.9% 1.0% 1.1% 0.9% 1.5% -0.7%
1982-90 0.5% 1.0% 0.4% 0.0% 0.9% 1.1%

Soume_
Natural gas consumption - U.S. Department of Energy, Energy Information Administration, Natural Gas

Annual 1990,Washington, DC, December 1991, p. 20, and annual.
Petroleum transport, crude petroleum, and refined petroleum products - TransportationPolicy Associates,

Transportation in America, Tenth edition, Washington, DC, 1992, pp. 46, 59.
Energy use - See Appendix A for Table 2.7.

'Natural gas consumption is the best available indicator for the amount of naturalgas transportedbypipeline.
bRepresentsenergyusefor naturalgas,crudepetroleum,andrefinedpetroleumpipelines.
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Section 6.4
Railroad
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Fourteen railroad systems in 1990 were designated by the Interstate Commerce

Commission (ICC) as Class I freight railroads(Table 6.9). 'Ilfis designation was assigned

on the basis of the annual gross revenue of the railroad. A railroad whose revenues were

93.5 million dollars or more in 1989 was designated as a Class I railroad in 1990. The

threshold for 1990 was set at 94.4 million dollars. The Class I designation is dropped if

the railroad fails to meet the annual earnings threshold for three consecutive years.

The revenue ton-miles for Class I freight railroads continued to be over 1 trillion

ton-miles in 1990, as the average length of haul rose slightly and ton-miles remained

relatively constant from 1989 to 1990. Train-miles and car-miles declined slightly from

1989 to 1990, while the number of Class I railroad locomotives and freight cars declined to

the lowest point in the twenty-year series.

The railroad freight industry experienced a 22% drop in its revenue carloadings

from 1974 to 1990. During this 16-year period, coal has not only remained the major

commodity being hauled by the railroads, but its share of revenue carloads also increased

by 30% from 1974 to 1990. The largest de.cline, on the other hand, was for metallic ores,

which dropped 78% during the period (Table 6.11).

The National Railroad Passenger Corporation (Amtrak) reached over 6 billion

passenger-miles in 1990 and continued to increase in 1991. Car-miles increased to merc

than 300 million and train-miles to 33 million in 1990. The average trip length increased

by 11 miles from 1989 to 1991. Even with the increased activity of Amtrak, energy use

declined slightly from 16 trillion Btu in 1989 to 15.7 trillion Btu in 1991 (Table 6.12).

Rail transit operations experienced increases in vehicle-miles and average trip

length, but passenger-miles declined from 1989 to 1990 because of the drop in the number

of passenger trips. Energy use also declined from 1989 to 1990, possibly due to

improvement in transit rail efficiency (Table 6.13).



6-25

Table6.9

ClassIRailroadFreightSystemsintheUnitedStates
RankedbyRevenueTon-Miles,1990

Revenue
ton-miles

Railroad (millions) Percent
,,,,

Burlington Northern Railroad Company 234,291 22.7
Union Pacific Railroad 189,599 18.3
CSX Transportation_ Incorporation 149,362 14.5
Norfolk Southern Corporation 108,641 10.5
Southern Pacific Transportation Company 86,094 8.3
Consolidated Rail Corporation (Conrail) 84,106 8.1
Atchison, Topeka and Santa Fe Railway 77,929 7.5
Chicago and North Western Transportation Company 28,495 2.8
SOo Line Railroad 22,928 2.2
lllinois Central Railroad 17,518 1.7
Denver and Rio Grande Western Railroad 13,695 1.3
Kansas City Southern Railway 12,014 1.2
Grand Trunk Corporation 5,024 0.5
Florida East Coast Railway 4,274 0.4

Total 1,033,969 100.0

Source:
Association of American Railroads, Analysis of Class I Railroads 1990, July 1991, p. 163.
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Althoughrevenuecarloadingsdeclinedby20% from1974to1990,coalisstillthecommoditywith
thel_4zestshareofcarloadings.Many commoditiesdrasticallyreducedrailshipmentsfrom1974
to 1990, such as stone, clay and glass; metallic ores; primary metal products; and lumber and wood
products.

II I i II r I

&li

__ Revenue_ byCommodityGroup,1974 and 1990

Carloadings 1990 Percentage
(thousands) Percent change

Commodity group 1974 1990 distribution 1974-90

Coal 4,544 5,912 27.6 30.1
Farm products 3,021 1,690 7.9 -44.1
Chemicals and allied products 1,464 1,531 7.2 4.6
Nonmetallic minerals 821 1,202 5.6 46.4
Food and kindred products 1,777 1,307 6.1 -26.4
Lumber and wood products 1,930 780 3.6 -59.6
Metallic ores 1,910 508 2.4 -73.4
Stone, clay and glass 2,428 539 2.5 -77.8
Pulp, paper, and allied producl_ 1,180 611 2.9 -48.2
Petroleum products 877 573 2.7 -34.7
Primary metal products 1,366 477 2.2 -65.1
Waste and scrap material 889 439 2.1 50.6
Transportation equipment 1,126 1,091 5.1 -3.1
Others 3,451 4,741 22.2 37.4

Total 26,784 21,401 100.0 -20.1

Sources:

1970-- Association of American Railroads, Railroad Facts, 1976 Edition, Washington, DC, 1975,
p. 26.

1990 - ._,ssociation of American Railroads, Railroad Facts, 1991 Edition, Washington, DC_
September 1991, p. 23.
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APPENDIX A

SOURCES

This appendix, first included in Edition 10 of the Transportation Ener_ Data

contains documentation of the estimation procedures used by ORNL The reader

can examine the methodology behind the estimates and form an opinion as to their utility.

The appendix is arranged by table number and subject heading. Only tables which

contain ORNL estimations are documented in Appendix A; ali other tables have sources

listed at the bottom of the table. Abbreviations are used throughout the appendix; so a

list of abbreviations is also included.

A-1
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List of Abbreviations Used in Appendix A

AAR Association of American Railroads

APTA American Public Transit Association

Amtrak National Railroad Passenger Corporation

Btu British thermal unit

DOC Department of Commerce

DOE Department of Energy

DOT Department of Transportation

EIA Energy Information Administration

EPA Environmental Protection Agency

FAA Federal Aviation Administration

FHWA Federal Highway Administration

gvw gross vehicle weight

lpg liquefied petroleum gas

MIC Motorcycle Industry Council

mpg miles per gallon

MVMA Motor Vehicle Manufacturers Association

NHTSA National Highway Traffic Safety Administration

NPTS Nationwide Personal Transportation Study

ORNL Oak Ridge National Laboratory

pmt passenger-miles traveled

RECS Residential Energy Consumption Survey

RTECS Residential Transportation Energy Consumption Survey

TIUS Truck Inventory and Use Survey

TPA Transportation Poliq, Associates

TSC Transportation Systems Center

vmt vehicle-miles traveled
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Table 2.7

Domestic Consumption of Transportation Energy by Mode
andFadType,990

Most of the source data were given in gallons. It was converted to Btu by using the
conversion factors in Appendix B.

Highway

Automobiles

Total gallons of fuel taken from DOT, FHWA, Highway Statistics 1990, Table VM-
1, p. 192. These were distributed as follows: 98.8% gasoline and 1.2% diesel.
Percentages were derived from the DOE, EIA, Office of Markets and End Use,
Energy End Use Division, Household Vehicles Ener_ Consumption 1988, March
1990, p. 65.

Motorcycles

DOT, FHWA, Highway Statistics 1990, Table VM-1, p.192. For conversion
purposes, fuel for ali motorcycles was assumed to be gasoline.

Buses

Tmn6z.-

Diesel: APTA, 1991 Transit Fact Book, October 1991, Washington, DC,
p. 93.
Gasoline: Total gallons of gasoline used by transit vehicles taken from APTA,
1991 Transit Fact Book, October 1991, Washington, DC, p. 93. According to
APTA's Research and Statistics Department, motor bus accounts for
approximately 5% of total transit gasoline use.

Imacity:
Estimate provided by Frank Smith, Transportation Policy Associates,
Washington, DC.

SchooL-

Estimate provided by Frank Smith, Transportation Policy Associates,
Washington, DC.

Trucks

Tota/.-

Sum of light trucks and other trucks.
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L/ght Tmc.ks:
DOT, FI-IWA, Highway Statistics 1990, Table VM-1, p. 192, for single-unit, 2-
axle, 4-tire trucks. 96.6% of fuel assumed to be gasoline, 3.3% diesel, and
0.1% lpg; percentages were geaerated from the 1987 TIUS Public Use Tape.

Other Ducks:
DOT, FHWA, Highway Statistics _99Q.,Table VM-1, p. 192. Total gallons for
other trucks was the difference between total and 2-axle, 4-tire trucks. These
gallons were distributed as follows based on data from the 1987 TIUS Public
Use Tape: 19.4% of fuel assumed to be gasoline, 80.4% diesel, and 0.2% lpg.

Off Highway

Data supplied by Marianne Mintz, Argonne National Laboratory, from the Public
Use Data Base, National Ener_ Accounts, DOC, OBA-NEA-10, August 1988.

Non-Highway

Air

Genmd A_-
DOT, FAA, General Aviation Activity and Avionics Survey: Annual Summary
Report Calendar Year 1990, Table 5.1, p. 5-6. Jet fuel was converted from
gallons to Btu using 135,000 Btu/gallon (kerosene-type jet fuel).

andIn_rna_ionalAirC_.anio:

DOT, ResearchandSpecialProgramsAdministration,DataAdministration
Division, "Fuel Cost and Consumption Tables;" annual figures were obtained
by summing monthly totals. Because the data for international included fuel
purchased abroad, the international total was divided in half to estimate
domestic fuel purchases for international flights.

Water

F_"
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p.42. Adjusted sales

of distillate and residual fuel oil for vessel bunkering.
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Domestic and Foreign - Total freight energy use was distributed as follows:
Distillate fuel - 77.5% domestic, 22.5% foreign
Residual fuel - 9.3% domestic, 90.7% foreign
Percentages were derived from the DOC, U.S. Foreign Trade, Bunker

"Oil and Coal Laden in the U.S. on Vessels Engaged in Foreign
Trade," 1988. This report was discontinued in 1989.

Fuel use by recreational boating was calculated using the methodology
developed by D. L. Greene in the report, Off-Highway Use of Gasoline in the
United States (DOT, FHWA, July 1986, p. 3-22). Results from Model 1 in
the report indicated an average annual consumption of 205 gallons per boat.
Total consumption in gallons was then calculated using the following equation:
Total - 0.95 (Gal/boat) (number of boats). An estimate of number of
recreational boats in operation was found in Boating Industry Magazine,
Annual Report, "The Boating Business 1990" (Communication Channels, Inc.,
Chicago, IL). The total was the sum of inboard, outboard and
inboard/outdrive boats.

Pipeline

Natural Gas:
The amount of natural gas used to transport natural gas was defined as
"pipeline fuel" as reported in DOE, EIA, Natural Gas Annual 1990, Table 1,
p. 20. Cubic feet were converted to Btu using 1,031 Btu/ft3. Electricity use
was estimated using the following procedure as reported on p. 5-110 of J. N.
Hooker et ai., End Use Ener_ Consumption DataBase: Transportation
Sector. The energy consumption of a natural gas pipeline was taken to be the
energy content of the fuel used to drive the pumps. Some 94% of the
installed pumping horsepower was supplied by natural gas. The remaining 6%
of the horse power was generated more efficiently, mostly by electric motors.
The energy consumed by natural gas pipeline pumps that were electrically
powered was not known. In order to estimate the electricity consumed, the
Btu of natural gas pipeline fuel consumed was multiplied by a factor of 0.015.
From this computed value, electricity efficiency and generation loss must be
taken into account. The electricity energy use in Btu must be converted to
kWhr, using the conversion factor 29.305 x 10"skWhr/Btu. Electricity
generation and distribution efficiency was 29%. When generation and
distribution efficiency are taken into account, 1 kWhr equals 11,765 Btu.
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rrot.an .nat,n,otn-n
J. N. Hooker, Oil Pipeline Enerm/Consumption and Efficiency, ORNL-5697,
ORNL, Oak Ridge, TN, 1981. (Latest available data.)

coa/s/u andwator.
W. F. Banks, Systems, Science and Software, Ener_ Consumption in the
Pit_eline Industry,LaJolla, CA, October 1977. (Latest available data.)

Rail

TotaL"
DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p.42. Adjusted sales of
deliveries of distillate fuel oil for railroad.

Distillate fuel oil was obtained by subtracting total passenger fuel use from
total distillate as reported by EIA.

Passenger:.
Transit and Commuter- AI'TA, 1991 Transit Fact Boo koOctober 1991,

Washington, DC, p. 93. Transit was defined as the sum of "heavy rail"
and "ali other."

Intercity - Sum of fuel used by Amtrak and Class I passenger trains. Source
for Amtrak was personal communication with the Corporate Accounting
Office of Amtrak, Washington, DC. Source for fuel use by Class I
passenger trains was the AAR, Statistics of Class I Railroads 1990, July
1991, p. 157. Fuel use for Class I passenger was derived as follows: filel
use for passenger locomotive, including weighted percent of fuel for yard
switching. Diesel fuel consumed by work train was not included as it was
considered to be indirect energy.

Military Operations

Defense Logistics Agency, Defense Fuel Supply Center, Fact.Book Fiscal Year
"Barrels and Dollars per Barrel," p. 33. For conversion purposes, estimates of

jet fuel purchases were 64% JP4, 22% JP5, and 14% JP8, based on the breakdown
from "Petroleum Procurement," p. 31. The purchases were the best estimates
available for fuel consumption, both domestic and abroad. An estimate of 68.9%
was purchased in the United States.
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Table 2.10
Transportation Energy Comumption by Mode, 1970-90

Highway

Automobiles

Total gallons of fuel for automobiles was taken from DOT, FHWA,
Statistics Summary to 1985, Table VM-201A; and Table VM-1 in the 1986-90 annual
editions. Fuel for automobiles was distributed between fuel types for conversion
into Btu's as follows:

1970-80 - 94.7% gasoline, 5.3% diesel as reported in the DOE, EIA,
Office of Energy Markets and End Use, Residential Energy Consumption
Survey: Consumption Patterns of Household Vehicles. June 1979 to
December 1980, p. 10.

1981-82 - 94.1% gasoline, 5.9% diesel as reported in the DOE, EIA, Office
of Energy Markets and End Use, Residential Ener_ Consumption
Survey: Consumption Patterns of Household Vehicles. Supplement:
January 1981 to September 1981, pp. 11, 13.

1983-84 - 97.5% gasoline, 2.5% diesel as reported in the DOE, EIA, Office
of Markets and End Use, Energy End Use Division, Residential
Transportation Ener_ Co.nsumptionSurvey: Consumption Patterns of
Household Vehicles, 1983, Jan., 1985, pp. 7, 9.

1985-87 - 98.5% gasoline, 1.5% diesel as reported in the DOE, EIA,
Office of Energy Markets and End Use, ,Residentia! Transpo.rtation
Ener_ Consumption Survey: Consumption Patterns of Household
Vehicles 1985, April 1987, pp. 25, 27.

1988-90 - 98.8% gasoline and 1.2% diesel as reported in the DOE, EIA,
Office of Markets and End Use, Energy End Use Division, Household
Vehicles Ener_ Consumption 1988, March 1990, p. 65.

Mom_

Department of Transportation, F,., _ralHighway Administration, Highway Statistics
Summary to 1985, Table VM-201A; and Table VM-1 in the 1986-90 annual editions.
For conversion purposes, fuel for ali motorcycles was assumed to be gasoline.

nll$l_

Sum of transit, intercity and school.



A-8

D

Diesel- APTA, 1_1 Transit Fact Book, October 1991, Washington, DC,
p. 93, and annual.

Gasoline. Total gallons of gasoline used by transitvehicles taken from APTA,
1991 Transit Fact ,Book, October 1991, Washington, DC, p. 93.
According to APTA's Research and Statistics Department, motor bus
accounts for approximately 5% of total transit gasoline use.

Imm:iq:
1970.84 - American Bus Association, Annual Report, Washington, DC,

annual.

1985-86 - Eno Transportation Foundation, Transportation in America,
Seventh edition, Washington, DC, p. 9.

1987-90 - Personal communication with Frank Smith, TPA, Washington,
DC.

Sc2too/."
1970-84 - DOT, FHWA, Highway Statistics 1984, Washington, DC,

Table VM-1, and annual.
1985-86- DOT, Research and Special Programs Administration, National

Transportation Statistics, Figure 2, p. 5, and annual.
1987-90 - Personal communication with Frank Smith, TPA, Washington,

DC.

Tntcka

_ Tmc_"
Defined as 2-axle, 4-tire trucks. Total gallons of fuel was taken from DOT,
FHWA, HighwayStatistic Sum.maryto 1985, Table VM-201A, and Table
VM-I of the 1986-90 annual editions. Based on data from the 1982 TIUS

Public Use Tape, fuel use for 1970-1987 was distributed among fuel types as
follows: 95.3% gasoline; 3.5% diesel; and 1.2% lpg. Fuel use for 1990 was
distributed based on the 1987 TIUS: 96.6% gasoline; 3.3% diesel; and 0.1%
lpg.

Other Ttuc_:
Defined as the difference between total trucks and 2-axle, 4-tire trucks. Total
gallons of fuel was taken from DOT, FHWA, Highway Statistics Summary to

Table VM-201A, and Table VM-1 of the 1986-90 annual editions.
Based on data from the 1982 TIUS Public Use Tape, fuel use for 1970-1987
was distributed among fuel types as follows: 39.6% gasoline; 59.4% diesel; and
1.0% lpg. Fuel use for 1988-90 was distributed based on the 1987 TIUS:
19.4% gasoline; 80.4% diesel; and 0.2% lpg.
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Total ]"lJghwny

Sum of autos, motorcycles, buses, light trucks, and other trucks.

Non-Highway

Air

Sum of fuel use by General Aviation and Certificated Route Air Carrier.

Genou/At4at/on.-
1970-74 - DOT, TSC, National Transportation Statistics, Cambridge, MA, 1981.
1975-85 - DOT, FAA, FAA Aviation Forecasts, Washington, DC, annual.
1985-90 - DOT, FAA, General Aviation Activity and Avionics Survey:Annual

Summary Report, Calendar Year 1990, Table 5.1, p. 5-6. Jet fuel was
converted from gallons to Btu using 135,000 Btu/gallon (kerosene-type jet
fuel).

cn,a/fcat_ RouteA/rCan/_.

1970-81 - DOT, Civil Aeronautics Board, Fuel Cost and Consumption,
Washington, DC, annual.

1982-90- DOT, Research and Special Programs Administration, Data
Administration Division, "Fuel Cost and Consumption Tables;" annual
figures were obtained by summing monthly totals. Because the data for
international included fuel purchased abroad, the international total was
divided in half to estimate domestic fuel purchases for international
flights.

Water

Sum of vessel bunkering fuel (i.e., freight) and fuel used by recreational boats.

Fre/_t."
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p.42. Adjusted sales

of distillate and residual fuel oil for ves_l bunkering.
Domestic and Foreign - 1970-88- DOC, U.S. Foreign Trade, Bunker Fuels,

"Oiland Coal Laden in the U.S. on Vessels Engaged in Foreign Trade,"
1988, annual. In this were fuel oil (i.e., residual) and diesel oil laden in
the U.S. on vessels engaged in foreign trade. The totals for residual and
diesel used by foreign vessels and American vessels for foreign trade were
subtracted from the EIA totals for residual and diesel deliveries to obtain
the value for domestic trade.
1989-90 - Total freight energy use was distributed as follows:
Distillate fuel - 77.5% domestic, 22.5% foreign
Residual fuel- 9.3% domestic, 90.7% foreign
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Percentages were derived from the DOC, U.S. Foreign Trade, Bunker
Fue_. 'Oil and Coal Laden in the U.S. on Vessels Engaged in Foreign
Trade," 1988. This report was discontinued in 1989.

1970-1984. DOT, FHWA, Highway Statistic, Washington, DC,
Table MF-24, annual.

1985.1990 - Fuel use by recreational boating was calculated using the
methodology developed by D. L. Greene in the report, Off-Highway Use
of Gasoline in the United States (DOT, FI-IWA,July 1986,
p. 3-22). Results from Model 1 in the report indicated an average annual
consumption of 205 gallons per boat. Total consumption in gallons was
then calculated using the following equation: Total = 0.95 (Gal/boat)
(number of boats). An estimate of number of recreational boats in
operation was found in Boating IndustryMagazine, Annual Report, "The
Boating Business 1990" (Communication Channels, Inc., Chicago, IL).
The total was the sum of inboard,outboard and inboard/outdrive boats.

Pipeline

Natural Gas:

The amount of natural gas used to transport natural gas was defined as
"pipeline fuel" as reported in DOE, ELA,Natural Gas Annual 1990, Table 1,
p. 20. Cubic feet were converted to Btu using 1,031 Btu/fts. Electricity use
was estimated using the following procedure as reported on p. 5-110 of J. N.
Hooker et al., End Use Ener_ Consumption DataBase: Transportation
Sector. The energy consumption of a natural gas pipeline was taken to be the
energy content of the fuel used to drive the pumps. Some 94% of the
installed pumping horsepower was supplied by ,atural gas. The remaining 6%
of the horse power was generated more efficiently, mostly by electric motors.
The energy consumed by natural gas pipeline pumps that were electrically
powered was not known. In order to estimate the electricity consumed, the
Btu of natural gas pipeline fuel consumed was multiplied by a factor of 0.015.
From this computed value, electricity efficiency and generation loss must be
taken into account. The electricity energy use in Btu must be converted to
kWhr, using the conversion factor 29.305 x 10"skWhr/Btu. Electricity
generation and distribution efficiency was 29%. When generation and
distribution efficiency are taken into account, 1 kWhr equals 11,765 Btu.

Ouderetroteumand
J. N. Hooker, Oil Pipeline Ener_ Consumption and Efficiency, ORNL-5697,
ORNL, Oak Ridge, Tennessee, 1981. (Latest available data.)
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W. F. Banks, Systems, Science and Software, Ener_ Consumption in the
Pipeline Industry,LaJolla, California, October 1977. (Latest available data.)

Rail

Ttmd:
DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p.42, annual. Adjusted sales
of distillate fuel oil for railroad.

Distillate fuel oil was obtained by subtracting total passenger fuel use from
total distillate as reported by EIA.

P_
Transit and Commuter- APTA, 1991 Transit Fact Book, October 1991,

Washington, DC, p. 93, annual. Transit was defined as the sum of "heavy
rail" and "ali other."

Intercity - Sum of fuel used by Amtrak and Class I passenger trains. Source
for Amtrak was personal communication with the Corporate Accounting
Office of Amtrak, Washington, DC. Source for fuel use by Class I
passenger trains was the AAR, Statistics of Class I Railroads 1990, July
1991, p. 157, annual. Fuel use for Clags I passenger was derived as
follows: fuel use for pas__nger locomotive, including weighted percent of
fuel for yard switching. Diesel fuel consumed by work train was not
included as it was comidered to be indirect erlergy.
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Table 2.12

Passenger Travel and Energy Use in tl_ United States, 1990

Highway

Automobiles

Number of Vehicles - DOT, FHWA, Highway Statistics 1990, Table VM-1, p. 192.
Vint - DOT, FHWA, Highway Statistics 1990, Table VM-I, p. 192.
Pint - Calculated by ORNL (load factor times vint).
Load Factor - DOT, FHWA, Office of Highway Information Management, 1990

NPTS, Public Use Tape, 1992.
Energy Use - Total gallons of fuel taken from DOT, FHWA, Highway Statistics

1990, Table VM-1, p. 192. These were distributed as follows: 98.8% gasoline
and 1.2% diesel. Percentages were derived from the DOE, EIA, Office of
Markets and End Use, Energy End Use Division, Household Vehicles Ener_
Consumption !988, March 1990, p. 65.

Personal Truclm

Number of Vehicles - Based on the 1987 TIUS, 68.6% of total 2-axle, 4-tire trucks
and 11.1% of total other trucks were for personal use. Therefore, 68.6% of
total 2-axle, 4-tire trucks (as reported by DOT, FHWA in Highway Statistics
1990, Table VM-1, p. 192) and 11.1% of total other trucks were estimated to
be for personal use.

Vmt - 62.7% of total vehicle miles traveled by 2-axle, 4-tire trucks (as reported by
DOT, FHWA in Highway Statistics 1990, Table VM-I, p. 192) and 2.3% of
total vehicle miles traveled by other trucks were for personal use. The
percentages were derived by ORNL from the 1987 TIUS public use tape.

Pint - Calculated by ORNL as vmt multiplied by load factor.
Load Factor - DOT, FHWA, Office of Highway Information Management, 1990

NPTS, Public Use Tape, 1992.
Energy Use - Assuming that there is no difference in fuel economy (measured in

miles per gallon) between personal-use trucks and non-personal use trucks,
62.7% of total fuel consumption by 2-axle, 4-tire trucks (as reported by DOT,
FHWA in Highway Statistics 1990, Table VM-I, p. 192) and 2°3% of total
other truck fuel consumption was for personal use. These percentages were
derived by ORNL from the 1987 TIUS Public Use tape. Total truck energy
use was the sum of light truck and other truck energy use.
Light Trucks: DOT, FHWA, Highway Statistics 1990, Table VM-I, p. 192, for

single-unit, 2-axle, 4-tire trucks. 96.6% of fuel acsumed to be gasoline,
3.3% diesel, and 0.1% lpg; percentages were generated from the 1987
TIUS Public Use Tape.
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Other Trucks: DOT, FHWA, Highway Statistics 1990, Table VM-1, p. 192.
Total gallons for other trucks was the difference between total and 2-axle,
4-tire trucks. These values were distributed based on data from the 1987

TIUS Public Use Tape: 19.4% of fuel assumed to be gasoline, 80.4%
diesel, and 0.2% lpg.

Motozcyr,_

Number of Vehicles and Vmt - DOT, FHWA, Highway Statistics 1990, Table VM-1,
p. 192.

Pmt - Calculated by ORNL as vint multiplied by load factor,
Load Factor- DOT, FHWA, Office of Highway Information Management, 1990

NPTS, Publlic Use Tape, 1992.
Energy Use - DOT, FHWA, Highway Statistics 1990, Table VM-1, p. 192. For

conversion purposes, fuel for ali motorcycles was assumed to be gasoline.

B_

Trans/t-

Number of Vehicles, Vint, Pmt, and Energy Use - Motor bus only. APTA,
1991 Transit Fact Book., October 1991, Washington, DC, pp. 24-26.

Load Factor- Calculated by ORNL as pmt/vmt.

lntacity:
Number of Vehicles - Estimated by ORNL as 18% of commercial bus

registrations, DOT, FHWA, Highway Statistics 1990, p. 20.
Pmt- Eno Transportation Foundation, Transportation in America, Tenth

Edition, Washington, DC, 1992, p. 47.
Energy Use - Personal communication with Frank Smith, TPA,

Washington, DC.

_hoo/.-

Number of Vehicles - School and other nonrevenue as reported in DOT,
FHWA, Highway Statistics 1990, p. 20.

Energy Use - Personal communication with Frank Smith, TPA, Washington,
DC.

Load Factor- Calculated by ORNL as pmt/vmt.
Pmt - National Safety Council, Accident Facts, 1991 Edition, Chicago, IL,

p. 70.
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Non-Highway

Air

Cafd SouteA/r
Vint - Revenue aircraftmiles flown, DOT, FAA, FAA Statistical Handbook

of Aviation Calendar Year !990, p. 6-4.
Pint - Revenue pmt of domestic operations, scheduled and unscheduled,

DOT, FAA, FAA Statistical Handbook of Aviation Calendar Year 1990,
p. 6-4.

Load Factor- Calculated by ORNL as pmt/vmt.
Energy Use - DOT, Research and Special Programs Administration, Data

Administration Division, "Fuel Cost and Consumption Tables;"annual
figures were obtained by summing monthly totals. Because the data for
international included fuel purchased abroad, the international total was
divided by two to estimate domestic fuel purchases for international
flights.

Genera/A v/at/on.-

Number of Vehicles, Vmt, Energy Use - DOT, FAA, General Aviation Activity
and Avionics, Survey: Calendar Year 1990, pp. 2-8, 3-13, 5-6.

Pmt - Eno Transportation Foundation, Transportation in America, Tenth
Edition, Washington, DC, 1992, p. 47.

Load Factor - Calculated by ORNL as pint/vint.

Rctze.ational Boating

Number of Vehicles - Whitney Communications, Boating lndust_ Magazine,
Annual Report, rf'he Boating Business 1990." The total was the
sum of inboard, outboard, and inboard/outdrive boats.

Energy Use - Fuel use by recreational boating was calculated using the
methodology developed by D. L. Greene in the report, Off-
..HighwayUse of Gasoline in the United States (DOT, FHWA, July 1986,
p. 3-22). Results from Model 1 in the report indicated an average annual
consumption of 205 gallons per boat. Total consumption in gallons was
then calculated using the following equation: Total = 0.95 (Gal/boat)
(number of boats). An estimate of number of recreational boats in
operation was found in Boating IndustryMagazine, Annual Report, "The
Boating Business 1990"(communication Channels, Inc., Chicago, IL).
The total was the sum of inboard, outboard and inboard/outdrive boats.
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Rail

Intor:
Number of Vehicles, Vint and Pint - Personal communication with the

Corporate Accounting Office of Amtrak, Washington, DC.
Load Factor- Calculated by ORNL as pint/vmi.
Energy Use - Personal communication with the Accounting Division of Amtrak,

Washington, DC.

Tmns/tand Commuto':

NumberofVehicles,Vmi andPmr -APTA, 1991TransitFactBook,
October1991,Washington,DC, pp.24-26.

Load Factor-CalculatedbyORNL aspmt/vmt.
EnergyUse-hi'TA,1991TransitFactBook,October1991,Washington,

DC, p.93.Transitwasdefinedasthesum of"heavyrail"and"allother."
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Table 2.13

Eaergy Intensities of Passenger Modes, 1970-90

In reference to transportation, the energy intensity of a mode is the ratio of the
energy inputs to a process to a measure of the useful outputs from that process; for
example, Btu per pint or Btu per ton-mile. The energy intensity ratios in Table 2.14
were calculated for each passenger mode using the following data source.s:

Highway

Automobiles

Vmt- DOT, FHWA, Highway Statistics Summary to 1985, Table VM-201A, and
Table VM-1 of the 1987-90 editions.

Pint - vmt times load factor.

Energy Use - Total gallons of fuel for automobiles was taken from DOT, FHWA,
Highway Statistics Summary to !985, Table VM-201A; and Table VM-I in the
1986-90 annual editions. Fuel for automobiles was distributed between fuel

types for conversion into Btu's as follows:

1970-80 - 94.7% gasoline, 5.3% diesel as reported in the DOE, EIA, Office
of Energy Markets and End Use, Residential Ener_ Consumption
Survey: Consumption Patterns of Househo!.d Vehicles, June 1979 to
December 1980, p. 10.

1981-82 - 94.1% gasoline, 5.9% diesel as reported in the DOE, EIA, Office of
Energy Markets and End Use, Residential Ener_ Consumption Survey:
Consumption Patterns of Household Vehicles, Supplement: January 198,1
tOSeptember 1981, pp. 11, 13.

1983-84 - 97.5% gasoline, 2.5% diesel as reported in the DOE, EIA, Office of
Markets and End Use, Energy End Use Division, Residential
Transportation Ener_ Consumption Survey; Consumption Patterns of
Household Vehicles, 1983, Jan., 1985, pp. 7, 9.

1985-87 - 98.5% gasoline, 1.5% diesel as reported in the DOE, EIA, Office
of Energy Markets and End Use, Residential Transportation Ener_
Consumption Survey: Consumption Patterns of Household Vehicles

April 1987, pp. 25, 27.
1988-90- 98.8% gasoline and 1.2%diesel as reported in the DOE, EIA,

Office of Markets and End Use, Energy End Use Division, Household
Vehicles Ener_ Consumption 1988, March 1990, p. 65.

Buses

Trans/t:

Vint and Pint - APTA, 1991 Transit FactBook., October 1991, Washington,
DC, pp. 24-26 and annual.

Energy Use - Diesel: APTA, 1991 Transit Fact Book, October 1991,
Washington, DC, p. 93, and annual.
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Gasoline: Total gallons of gasoline used by transit vehicles taken from
APTA, 1991 Transit Fact Book, October 1991, Washington, DC, p. 93.
According to APTA_sResearch and Statistics Department, motor bus
accounts for approximately5% of total transit gasoline use.

Imotity:
/'mt - 1970-84 - American Bus Association, Annual Report_ Washington, DC,

annual.

1985-90- Eno Transportation Foundation, Transportation in .America,
Tenth edition, Washington, DC, 1992, p. 47.

Energy Use - 1970-1984- American Bus Association, Annual Report,
Washington, DC, annual.
1985-86 - Eno Transportation Foundation, Transportation in America,
Seventh edition, Washington, DC, p. 9.
1987-90 - Personal communication with Frank Smith, TPA, Washington,
DC.

$chod.-
Vmt - 1970-84 - DOT, FHWA, Highway Statistics 1984,Washington, DC, Table

VM-1, p. 175, and annual.
1985-87 - DOT, TSC, National Transportation Statistics, 1989, Figure 2,
p. 7, and annual.
1988-90 - National Safety Council, Accident Facts, 1991 Edition,
Chicago, IL, p. 71, and annual.

Energy Use. 1970-1984 - DOT, FHWA, Highway Statistics 1984, Washington,
DC, Table VM-1, and annual.
1985-86 - DOT, TSC, National TransportationStatistics, Figure 2, p. 5,
and annual.

1987-90 - Personal communication with Frank Smith, TPA, Washington,
DC.

Non-Highway

Air

Cen/fa:ated A/r _:
/)mt - DOT, FAA, FAA Statistical Handbook of Aviation. Calendar Year

Washington, DC, 1992, p. 6-4, and annual.
Energy Use- 1970-81 - DOT, Civil Aeronautics Board, Fuel Cost and

Consumption, Washington, DC, annual.
1982-90 - DOT, Research and Special Programs Administration, Data
Administration Division, "Fuel Cost and Consumption Tables;" annual
figures were obtained by summing monthly totals. Because the data for
international included fuel purchased abroad, the international total was
divided in half to estimate domestic fuel purchases for international
flights.
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Genera/Av/at/on.-

/'mt - Eno Transportation Foundation, Transportation In Am.erica, Tenth
edition, Washington, DC, 1992, p.47.

Energy Use - 1970.74 - DOT, TSC, National Transportation
Statistics,Cambridge, MA, 1981.
1975-85 - DOT, FAA, FAA Aviation Forecasts, Washington, DC, annual.
1985-90- DOT, FAA, General Aviation Activity and Avionics Survey:
Calendar Year 1990.,Table 5.1, p. 5-6. Jet fuel was converted from
gallons to Btu using 135,000 Btu/gallon (kerosene-type jet fuel).

Rail

Passenger64mt_):
/'mt - 1971-83 - AAR, Statistics of Class I Railroads, Washington, DC, annual.

1984-88 - AAR, Railroad Facts_,1988 Edition, Washington, DC,
December 1989, p. 61, and annual.
1989-.90- Personal communication with the Corporate Accounting Office
of Amtrak.

Energy Use - Personal communication with the Corporate Accounting Office
of Amtrak.

Tmnsg-

/'mt- APTA, 1991 Transit Fact Book, October 1991, Washington, DC,
p. 25.

Energy Use - Transit and Commuter- APTA, 1991 Transit Fact Book,
October 1991, Washington, DC, p. 93, annual. Transit was defined as the
sum of "heavy rail" and "ali other."
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Table 2.14

IntcrcityFreightMovcmcritandEnergyUse inthe
United States, 1990

Highway

Trucks

Vehicles - 7.5% of total 2-axle, 4-tire trucks (as reported by DOT, FHWA in
Highway Statistics 1990, Table VM-l, p. 192) and 22.1% of total other trucks
were engaged in intercity freight movement. These percentages were derived
by ORNL from the 1987 TIUS public use tape.

Vmi - 13.7% of total vehicle miles traveled by 2-axle, 4-tire trucks (as reported by
DOT, FHWA in Highway Statistics 1990, Table VM-1, p. 192) and 50.2% of
total vehicle miles traveled by other trucks were used in intercity freight
movement. These percentages were derived by ORNL from the 1987 TIUS
public use tape.

Ton Miles, Tons Shipped and Average Length of Haul- Eno Transportation
Foundation, Transportation in America, Tenth Edition, Washington, DC, 1992
plJ. 44, 46, 71.

Energy Intensity - Energy use divided by ton-miles.
Energy Use - 16% of total fuel consumption by 2-axle, 4-tire trucks (as reported by

DOT, FHWA in Highway Statistics 1990, Table VM-1, p. 192) and 53.2% of
total other truck fuel consumption were used in intercity freight movement.
These percentages were derived by ORNL from the 1987 TIUS public use
tape.

Non-Highway

Waterborne Commerce

Vehicles - U.S. Department of the Army, Army Corps of Engineers, Waterborne
Transportation Lines of the United States, !989, New Orleans, LA, 1991.

Ton Miles, Tons Shipped, and Average Length of Haul - U.S. Department of the
Army, Corps of Engineers, Waterborne Commerce of the United States,
Calendar Year 1989, Part 5: National Summaries, New Orleans, LA, 1990,
p. 89.

Energy Intensity - Energy use divided by ton miles.
Energy Use - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p.42. Adjuste_i sales

of distillate and residual fuel oil for vessel bunkering.
Domestic freight energy use was calculated as:

Distillate fuel - 77.5% domestic, 22.5% foreign
Residual fuel - 9.3% domestic, 90.7% foreign
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Percentages were derived from the I)O(_, U.S. Foreign Trade, Bunker
Fugg_eh"Oil and Coal Laden in the U.S. _mVessels Engaged in Foreign
Trade," 1988. This report was disc_mtinucd in 19X9.

Pipeline

Nmuml Gas:
Tons shipped - DOE, EIA, N.aturalGas An.nual 1990, Washington, DC, 1991,

p. 20. Total natural gas disposition divided by 44,870 lP/ton.
Energy use - The amount of natural gas used to transport natural gas was

defined as "pipeline fuel" as reported in DOE, EIA, Natural Gas Annual
Table 1, p. 20. Cubic feet were converted to Btu using 1,03I

Btu/lP. Electricity use was estimated using the following prc_alurc as
reported on p. 5-110 of J. N. Hooker et al., End Use Ener_
Consumption DataBase: Transportation Sector. The energy consumption
of a natural gas pipeline was taken to be the energy content of the fuel
used to drive the pumps. Some 94% of the installed pumping
horsepower was supplied by natural gas. The remaining 6% of the horse
power was generated more efficiently, mostly by electric motors. The
energy consumed by natural gas pipeline pumps that were electrically
powered was not known. In order to estimate the electricity consumed,
the Btu of natural gas pipeline fuel consumed was multiplied by a factor
of 0.015. From this computed value, electricity efficiency and generation
loss must be taken into account. The electricity energy use in Btu must
be converted to kWhr, using the conversion factor 29.305 x 10"s
kWhr/Btu. Electricity generation and distribution efficiency was 29%.
When generation and distribution efficiency are taken into account, 1
kWhr equals 11,765 Btu.

Oude O//and Pemgeum _"
Ton Miles and Tons Shipped - Eno Transportation Foundation, Transportation

in America, Tenth Edition, Washington, DC, 1992, pp. 44, 46.
Coal Slurry - Ton Miles, Tons Shipped, and Average Length of Haul: DOT,

Transport of Solid Commodities via Freight Pipelines, Freight Pitmlin¢
Technolo_, Vol. 11, Washington, DC, 1976, p. 6.

Energy Use - W. F. Banks, Systems, Science, and Software, Inc., Ene_.q.qEgy_
Consumption in the Pipeline Industry,LaJolla, CA, 1977.
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Rail

Vehicles, Vmt, Ton Miles, Tons Shipped, Average Length of Haul - AAR, Railroad
1991 Edition, Washington, DC, September 1991, pp. 27, 33, 34, 36,

48, 50.
Energy Use - Distillate fuel oil was obtained by subtracting total passenger fuel use

from total distillate as reported by EIA.
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p. 42. Adjusted sales
of distillate fuel oil for railroad.
Passenger - Transit and Commuter - APTA, 1991 Transit Fact Book,
October 1991, Washington, DC, p. 93. Transit was def'med as the sum of
"heavy rail" and "ali other." Intercity - Sum of fuel used by Amtrak and Class I
passenger trains. Source for Amtrak was personal communication with the
Accounting Division of Amtrak, Washington, DC. Source for fuel use by
Class I passenger trains was the AAR, Statistics of Class I Railroads 1990, July
1991, p. 157. Fuel use for Class I passenger was derived as follows: fuel use
for passenger locomotive, including weighted percent of fuel for yard
switching. Diesel fuel consumed by work trainwas not included as it was
considered to be indirectenergy.
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Table 2.15

F.acrgy Intensities of Freight Modes, 1970-90

In reference to transportation, the energy intensity of a mode is the ratio of the
energy inputs to a process to a measure of the useful outputs from that process; for
example, Btu per pint or Btu per ton-mile. The energy,intensity ratios in Table 2.16
were calculated for each freight mode using the following data sources:

Highway

Trucks

Vmt - DOT, FHWA, .HighwayStatistics Summary to 1985, Table VM-201A, and
Table VM-1 of the 1987-90 editions. Light trucks were defined as 2-axle, 4-
tire trucks. Other trucks were defined as the difference between total trucks
and 2-axle, 4-tire trucks. See Table 3.15 for light truck vmt.

Energy Use - Light Trucks - Defined as 2-axle, 4-tire trucks. Total gallons of fuel
was taken from DOT, FHWA, Highway Statistics Summary to 1985, Table
VM-201A, and Table VM-1 of the 1986-90 annual editions. Based on data
from the 1982 TIUS Public Use Tape, fuel use for 1970-1987 was distributed
among fuel types as follows: 95.3% gasoline; 3.5% diesel; and 1.2% lpg. Fuel
use for 1988-90 was distributed based on the 1987 TIUS: 96.6% s,moline;
3.3% diesel; and 0.1% lpg.
Other Trucks - Defined as the difference between total trucks and 2-axle, 4-
tire trucks. Total gallons of fuel was taken from DOT, FHWA, Highway
Statistics Summary to 1985, Table VM-201A, and Table VM-1 of the 1986-90
a-nnual editions. Based on data from the 1982 TIUS Public Use Tape, fuel use
for 1970-1987 was distributed among fuel types as follows: 39.6% gasoline;
59.4% diesel; and 1.0% lpg. Fuel use for 1988-90 was distributed based on the
1987 TIUS: 19.4% gasoline; 80.4% diesel; and 0.2% lpg.

Non-Highway

Water

Ton Miles - U.S. Department of the Army, Corps of Engineers, Waterborne
Commerce of the United States_ Calendar Year 1989, Part 5: National
Summaries, New Orleans, LA, 1.991, p. 89, and annual.

Energy Use - Calculated as the difference between total water freight energy use and
foreign water freight energy use.
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p. 42. Adjusted sales
of distillate and residual fuel oil for vessel bunkering.
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Domestic and Foreign - 1970-88 - DOC, U.S. Foreign Trade, Bunker Fuels.
"Oil and Coal Laden in the U.S. on Vessels Engaged in Foreign Trade,"
1988, annual. In this were fuel oil (i.e., residual) and diesel oil laden in
the U.S. on vessels engaged in foreign trade. The totals for residual and
diesel used by foreign vessels and American vessels for foreign trade were
subtracted from the EIA totals for residual and diesel deliveries to obtain
the value for domestic trade.
1989-90 - Total freight energy use was distributed as follows:
Distillate fuel - 77.5% domestic, 22.5% foreign
Residual fuel - 9.3% domestic, 90.7% foreign
Percentages were derived from the DOC, U.S. Foreign Trade, Bunker

"Oil and Coal Laden in the U.S. on Vessels Engaged in Foreign
Trade," 1988. This report was discontinued in 1989.

Rag

Freight Car Miles and Ton Miles - AAR, Railroad Facts, 1991 Edition, Washington,
DC, September 1991, pp. 27, 36, and annual.

Energy Use - Distillate fuel oil was obtained by subtracting total passenger fuel use
from total distillate as reported by EIA.
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1990, p. 42. Adjusted sales
of distillate fuel oil for railroad.

Passenger- Transit and Commuter- APTA, 1991 Transit Fact Book,
October 1991, Washington, DC, p. 93. Transit was defined as the sum of
"heavy rail"and "ali other." Intercity - Sum of fuel used by Amtrak and Class I
passenger trains. Source for Amtrak was personal communication with the
Accounting Division of Amtrak, Washington, DC. Source for fuel use by
Class I passenger trains was the AAR, Statistics of Class I Railroads 1990, July
1991, p. 157. Fuel use for Class I passenger was derived as follows: fuel use
for passenger locomotive, including weighted percent of fuel for yard
switching. Diesel fuel consumed by work train was not included as it was
considered to be indirect energy.
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Table 33

Vehicle Stock, New Sales and New Registratiom
in the United States, 1990 Calendar Year

Highway

Automobiles

The number of vehicles in use by EPA size class were derived as follows:
Market Shares by EPA size class for new car sales from 1970-1975 were taken
from the DOT, NHTSA, Automotive Characteristics Historical Da.taBase,
Washington, DC. Market shares for the years 1976-1990 were found in Linda
S. Williams and Patricia S. Hu, Highway Vehicle MPG and Market Shares
Report: Model Year 1990, ORNL-6672, April 1991, Table 7. These data
were assumed to represent the number of cars registered in each size class for
each year. These percentages were applied to the automobiles in operation
for that year as reported by R. L. Polk and Company (FURTHER
REPRODUCTION PROHIBITED) and summed to calculate the total mix
for 1990. This method assumed that ali vehicles, large and small, were
scrapped at the same rate.

Sales:
Domestic, import, and total sales were from MVMA, Facts and Figures '92,
p. 15. The domestic sales were distributed by size class according to the
following percentages: Two seater, 0.5%; Minicompact, 0%; Subcompact,
14.7%; Compact 33.9%; Midsize, 32.1%; and Large, 18.8%. The import sales
were distributed by size class according to the following percentages: Two-
seater, 5.8%; Minicompact, 3.4%; Subcompact, 41.9%; Compact, 35.2%;
Midsize, 13.4%; and Large, 0.4%. These percentages were derived from the
ORNL Light-Duty Vehicle Market Shares Data System. Domestic-sponsored
imports (captive imports) were included in the import figure only.

NewRegistrations:

Domestic - The number of registrations for new automobiles was derived as
follows: new car registrations by make (as reported in H. A. Stark (ed.),
Ward's Communication, Inc., 1992 Ward's Automotive Yearbook, Detroit,
MI, p. 241), were classified by ORNL into EPA size classes. Totals
included Federal Government registrations. Van registrations were not
included.

Import -Calculated by ORNL as the difference between total and domestic.
Total- MVMA, Facts and Figures '92, p. 21.

See GlossaryfordefinitionofAutomobileSizeClassif_ation_
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Fleet

of tn_,or motr..-

Stock and ,_egistrations - E. J. Bobit (ed.), Bobit Publishing Company,
1992 Automotive Fleet Fact Book, Redondo Beach, CA, 1992, ]pp.16, 22.
Vehicle stock was equal to the sum of busipess fleets 25 or more,
business fleets 10-24, individuallyleased, and "other" fleets. This number
did not include ali cars in Federal Government fleets. Federal
Government fleet data were from Federal Motor Vehicle Fleet Report,
General Services Administration, Table 1 (ali agencies - dome_tie sedans
and station wagons.)

Personal Autos:

Stock and Registrations - Calculated by ORNL as the difference between
total auto and fleets.

Motorcycles

Stock - DOT, FHWA, Highway Statistics 1990, Table VM-1 p. 192.

Sales and Registrations - MIC_ 1991 Motorcycle Statistical Annual, PP. 12 and 13.
Domestic sales were assumed to equal U.S. production (p. 13), and included sales of
motorcycles, scooters, and all-terrain vehicles for on- and off-highway use. Import
was the difference between total sales (p. 12) and domestic.

Re_._reationalVehicles

Sales - Recreation Vehicle Industry Association, .1991...The Year in Review, p. 4,
"Total Shipments."

Truclm

Stock - Vehicles in use by weight class were determined by applying the percentage
in use by weight class as reported in DOC, Bureau of the Census, 1987 TIUS,
(0-10,000 lbs, 91.9%; 10,001-19,500 lbs, 23%; 19,501-26,000 Ibs, 1.7%; 26,001
lbs and over, 4.1%) to the total number of trucks in use as reported by R. L.
Polk and Company (FURTHER REPRODUCTION PROHIBITED).

Sales - MVMA, Facts and Figures '92, p. 17.
Registrations- H. A. Stark (cd.), Ward's Communications, Inc., 1991 Ward's

Automotive Yearbook, Detroit, MI, p. 250.



APPENDIX B

CONVERSIONS

A Note About Hcafiug Valu_

The heat content of a fuel is the quantity of energy released by burning a unit

amount of that fuel. However, this value is not absolute and can vary according to several

factors. For example, empirical formulae for determining the heating value of liquid fuels

depend on the fuels' American Petroleum Institute (API) gravity. The API gravity varies

depending on the percent by weight of the chemical constituents and impurities in the

fuel, both of which are affected by the combination of raw materials used to produce the

fuel and by the type of manufacturingprocess. Temperature and climatic conditions are

also factors.

Because of these variations, the heating values in Table B.1 may differ from values

in other publications. The figures in this report are representative or average values, not

absolute ones. The gross heating values used here agree with those used by the Energy

Information Administration (EIA).

Heating values fall into two categories, gross and net. If the products of fuel

combustion are cooled back to the initial fuel-air or fuel-oxidizer mixture temperature and

the water formed during combustion is condensed, the energy released by the proce_ is

the higher (gross) heating value. If the products of combustion are cooled to the initial

fuel-air temperature, but the water is considered to remain as a vapor, the energy released

by the proce_ is lower (net) heating value. Usually the difference between the gross and

net heating values for fuels used in transportation is around 5 to 8 percent; however, it is

important to be consistent in their use.
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Table B.1

Approximate Heat Content for Various Fuels

Automotive gasoline 125,000 Btu/gal(gross) = 115,400 Btu/gal(net)

Diesel motor fuel 138,700 Btu/gal (gross) = 128,700 Btu/gal (net)

Methanol 64,600 Btu/gal (gross) = 56,560 Btu/gal (net)

Ethanol 84,600 Btu/gal (gross) = 75,670 Btu/gal (net)

_hol 120,900 Btu/gal (gross) - 112,417 Btu/gal (net)

Aviation gasoline 120,200 Btu/gal (gross) = 112,000 Btu/gal (net)

Propane 91,300 Btu/gal (gross) = 83,500 Btu/gal (net)

Butane 103,000 Btu/gal (gross) = 93,000 Btu/gai (net)

Jet fuel (naphtha) 127,500 Btu/gal (gross) = 118,700 Btu/gal (net)

Jet fuel (kerosene) 135,000 Btu/gal (gross) = 128,100 Btu/gal (net)

Lubricants 144,400 Btu/gal (gross) = 130,900 Btu/gal (net)

Waxes 131,800 Btu/gal (gross) = 120,200 Btu/gal (net)

Asphalt and road oil !58,000 Btu/gal (gross) - 157,700 Btu/gal (net)

Petroleum coke 143,400 Btu/gal (gross) = 168,300 Btu/gal (net)

Natural gas
Wet 1,112 Btu/ft3
Dry 1,031 Btu/ft3
Liquid 90,800 Btu/gal (gross) - 87,600 Btu/gal (net)

Crude petroleum 138,100 Btu/gal (gross) = 131,800 Btu/gai (net)

Fuel Oils
Residual 149,700 Btu/gai (gross) = 138,400 Btu/gal (net)
Distillate 138,700 Btu/gai (gross) = 131,800 Btu/gal (net)

Coal
Anthracite 23.268 x 106Btu/short ton
Bituminous and lignite 21.772 x 106 Btu/short ton
Production average 21.776 x 106 Btu/short ton
Consumption average 21.266 x 106 Btu/short ton
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Table B.2

Fuel Equivalents
li i

1 million bbi/day crude oil = 0.3650 billion bbl/year crude oil
= 5.800 trillion Btu/day
- 2.117 quadrillion Btu/year
= 90.09 million short tons coal/year
- 2.074 trillion ft3 natural gas/year
- 22.33 x 10u M.J/year

1 billion bbl/year crude oil - 2.740 million bbl/day crude oil
--- 15.89 trillion Btu/day
---5.800 quadrillion Btu/year
= 246.8 million short ton coal/year
- 5.68 trillion ft3/yearnatural gas/day
---61.19 x 1011MJ/year

1 trillion Btu/day = 172.4 thousand bbl/day crude oil
- 62.93 million bbl/year crude oil
= 0.3650 quadrillion Btu/year
- 15.53 million short tons coal/year
= 357.5 billion ft3natural gas/year

.-_

' +, - 38.51 x 101°MJ/year

1 quadrillion Btu_ear = 0.4724 million bbl/day crude oil
- 172.4 million bbl/year crude oil
-- 2.740 trillion Btu/day
= 42.55 million short tons coal/year
= 979.4 billion ft3 natural gas/year
= 10.55 x 1011/yar

1 billion short tons coal/year = 11.10 million bbl/day crude oil
= 4.052 billion bbl/year crude oil
= 64.38 trillion Btu/day
= 23.50 quadrillion Btu/year
= 23.02 trillion ft3 natural gas/year
= 24.79 x 101'-MJ/year

1 trillion ft 3 natural gas/year = 0.4823 million bbl/day crude oil
= 0.1760 billion bbl/year crude oil
= 2.797 trillion Btu/day
= 1.021 quadrillion Btu/year
= 43.45 million short tons coal/year
= 10.77 x 101!MJ/year

1 mega joule/year = 44.78 x 10_ bbl/day crude oil
= 16.34 x 10"sbbl/year crude oil
= 2.597 Btu/day
= 947.9 Btu/year

4.034 x 10"sshort tons coal/year
= 0.9285 ft3 natural gas/year



B-4

TableB.3
Ene_ Umr Conve_io_

1 Btu - 778.2 ft-lb 1 kWhr -- 3412 Btu'

-- 107.6 kg-m = 2.655 x 104 ft-lb

--- 1055 J ---3.671 x 105kg-m

- 39.30 x 10.s hp-h - 3.600 x 106J

- 39.85 x 10.s metric hp-h - 1.341 hp-h

-- 29.31 x 10.s kWhr = 1.360 metric hp-h

1 kg-m = 92.95 x 10.4Btu 1 Joule = 94.78 x 10"sBtu

= 7.233 ft-lb = 0.7376 ft-lb

= 9.806 J = 0.1020 kg-m

= 36.53 x 10.7 hp-h = 37.25 x 104 hp-h

= 37.04 x 10.7metric hp-h = 37.77 x 104 metric hp-h

= 27.24 x 10.7kWhr = 27.78 x 104 kWhr

1 hp-h ---2544 Btu 1 metric hp-h = 2510 Btu

= 1.98 x 104 ft-lb = 1.953 x 104fi-lb

-- 2.738 x 106kgra = 27.00 x 104kg-m

= 2.685 x 106J = 2.648 x 104J

= 1.014 metric hp-h = 0.9863 hp-h

= 0.7475 kWhr = 0.7355 kWhr

_'his figure does not take into account the fact that electn_ty generation and distribution
efficiency is approximately 29%. If generation and distribution efficiency are taken into account, 1
kWhr = 11,765 Btu
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Table B.4
Distance ud Velocity Conversions

i i i

1 in. - 83.33 x lff3ft 1 ft - 12.0 in.

= 27.78 x lff3yd = 0.33 yd

= 15.78 x 10"6mile --- 189.4 x lfr3mile

= 25.40 x 10"3m - 0.3048 m

-- 0.2540 x 104 km - 0.3048 x l(r3km

1 mile ---63360 in. 1 km - 39370 in.

- 5280 ft -- 3281 ft

---1760 yd - 1093.6 yd

- 1609 m - 0.6214 mile

---1.609 km - 1000m

1 ft/sec ---0.3048 m/s - 0.6818 mph -- 1.0972 km/h

1 m/sec - 3.281 ft/s - 2.237 mph -- 3.600 km/h

1 km/h - 0.9114 ft/s - 0.2778 m/s - 0.6214 mph

1 mph = 1.467 ft/s = 0.4469 m/s --- 1.609 km/h
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TableB.5
Volume andFlowRateConversions"

i

1 U.S. gal - 231 in) 1 liter - 61.02 in)

- 0.1337 ft3 - 3.531 x 10.2fP

- 3.785 liters - 0.2624 U.S. gal

= 0.8321 imperial gal = 0.2200 imperial gal
- 0.0238 bbl = 6.29 x 10.3 bbi

= 0.003785 m3 -- 0.001 m3

A U.S. gallon of gasoline weighs 6.2 pounds

1 imperial gal = 277.4 in.3 1 bbl = 9702 in.3
= 0.1606 r3 = 5.615 r3

ffi 4.545 liters ffi 158.97 liters

- 1.201 U.S. gal ffi 42 U.S. gal

ffi 0.0286 bbl ffi 34.97 imperial gai

- 0.004546 m3 ffi0.15897 m3

1 U.S. gal/hr = 3.209 fl3/day = 1171 ft3/year
ffi 90.84 liter/day = 33157 liter/year

ffi 19.97 imperial gal/day ffi 7289 imperial gal/year

= 0.5712 bbl/day ffi 207.92 bbl/year

For Imperial gallons, multiply above values by 1.201

1 liter/hr = 0.8474 fl3/day = 309.3 ft3/year

= 6.298 U.S. gal/day ffi 2299 U.S. gal/year

= 5.28 imperial gal/day = 1927 imperial gai/year

= 0.1510 bbl/day ffi 55.10 bbl/year

1 bbl/hr = 137.8 fl3/year ffi 49187 r3 year

= 1008 U.S. gal/day = 3.679 x lOs U.S. gal/year

= 839.3 imperial gal/day ffi 3.063 x l0 s imperial gal/year

= 3815 liter/day = 1.393 x lOs liter/day

"The conversions for flow rates are identical to those for volume measures, if the time units
are identical.
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'l_le B.8

eueJ .,rLk,ee
,ill i ii inu

MPG Miles/liter Kilometers/L L/100 kilometers

10 2.64 4.25 23.52
15 3.96 6.38 15.68
20 5.28 " &50 11.76
25 6.60 10.63 9.41
30 7.93 12.75 7.84
35 9.25 14.88 6.72
40 10.57 17.00 5.88
45 11.89 19.13 5.23
50 13.21 21.25 4.70
55 14.53 23.38 4.28

"To convert fuel efficiency from miles per gallon (mpg) to liters per hundred kilometers, divide
mpg into 235.24.

I .
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Table B.9
Sl Pre,flzes and Their Values

Value Prefix Symbol

One million million millionth 1o.:s atto a
One thousand million millionth 10.ts femto f
One million millionth l0 -u pico p
One thousand millionth 10.9 nano n
One millionth 104 micro tt
One thousandth 10.3 milli m
One hundredth 10.2 centi c
One tenth 10.1 deci
One 10°
Ten 101 deca
One hundred 103 hecto
One thousand 103 kilo k
One million 106 mega M
One billion' 109 giga G
One trillion' 10:z teta T
One quadrillion' 10u peta P
One quintillion" 10:s exa E

'Care should be exercised in the use of this nomenclature, especially in foreign correspondence,
as it is either unknown or carries a different value in other countries. A "billion,"for example,
signifies a value of I0 n in most other countries.
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Tai_ B.IO
Me/ric Units and Abbrevi_bm

ii i i

, Quantity Unit name Symbol

Energy joule J
Specific energy joule/kilogram J/kg
Specific energy consumption joule/kilogramekilometer J/(kgskm)
Energy consumption joule/kilometer J/km
Energy economy kilometer/kilojoule km/kJ
Power kilowatt Kw

Specific power _ogram W/kS
Power density watt/meters W/ms
Speed kilometer/hour km/h
Acceleration meter/seconda m/sa

Range (distance) kilometer km

Weight kilogram kg
Torque newtonometer Nom
Volume meteP m3

Mass; payload kilogram kg
Length; width meter m

Brake specific fuel consumption kilogram/joule kg/l
Fuel economy (heat engine) liters/100 km L/lO0 km
Air pressure
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Conve_ion of Comtant Dollar Valuta

Many types of information in this data book are expressed in dollars. Generally,

constant dollars are used--that is, dollars of a fixed value for a specific year, such as 1990

dollars. Converting current dollars to constant dollars, or converting constant dollars for

one year to constant dollars for another year, requires conversion factors (Table B.11 and

B.12). Table B.11 shows conversion factors using the Gross National Product inflation

factors. Table B.12 shows conversion factors for the Consumer Price Index inflation

factors.
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GLOSSARY

Acceleration power - Measured in kilowatts. Pulse power obtainable from a battery used to

accelerate a vehicle. This is based on a constant current pulse for 30 seconds at no
less than 2/3 of the r_aximum open-circuit-voltage, at 80% depth-of-discharge relative

to the battery's rated capacity and at 20° C ambient temperature.

Air Carrier - The commercial system of air transportation consisting of certificated air

carders, air taxis (including commuters), supplemental air carders, commercial
operators of large aircraft, and air travel clubs.

Certificated route air carrier:. An air carrier holding a Certificate of Public

Convenience and Necessity issued by the Department of Transportation to conduct

scheduled interstate services. Nonscheduled or charter operations may also be

conducted by these carriers. These carriers operate large aircraft (30 seats or more,
or a maximum payload capacityof 7,500 pounds or more) in accordance with Federal

Aviation Regulation part 121.

Domestic air operator:. Commercial air transportation within and between the 50

States and the District of Columbia. Includes operations of certificated route air
carriers, Pan American, local service, helicopter, intra-Alaska,intra-Hawaii, all-cargo

carriers and other carriers. Also included are transborder operations conducted on

the domestic route segments of U.S. air carriers. Domestic operators are classified
based on their operating revenue as follows:

Majors - over $1 billion
Nationals - $100-1,000 million

Large Regionals - $10-99.9 million

Medium Regionals - $0-9.99 million

International air operator:. Commercial air transportation outside the territory of the

United States, including operations between the U.S. and foreign countries and
between the U.S. and its territories and possessions.

..

Supplemental air carrier. A class of air carriers which hold certificates authorizing

them to perform passenger and cargo charter services supplementing the scheduled
service of the certificated route air carriers. Supplemental air carriers are often
referred to as nonscheduled air carriers or "nonskeds'.

G-I
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Amtrak- See Rail.

Automobile size dassific.ations - Size classifications of automobiles are

establishcd by the Environmental Protection Agency (EPA) as follows:

Minicompact - less than 85 cubic feet of passenger and luggage volume.
Subcompact - between 85 to 100 cubic feet of passenger and luggage volume.

Compact - between 100 to 110 cubic feet of passenger and luggage volume.
Midsize - between 110 to 120 cubic feet of passenger and luggage volume.

Large - more than 120 cubic feet of passenger and luggage volume.
Two seater - automobiles designed primarily to seat only two adults.

Station wagons are included with the size class for the sedan of the same name.

Aviation - See General aviation.

Aviation gasoline - Ali special grades of gasoline for use in aviation reciprocating engines,

as given in the American Society for Testing and Materials (ASTM) Specification D
910. Includes ali refinery products within the gasoline range that are to be marketed

straight or in blends as aviation gasoline without further processing (any refinery

operation except mechanical blending). Also included are finished components in the

gasoline range which will be used for blending or compounding into aviation gasoline.

Barges - Shallow, nonself-propelled vessels used to carry bulk commodities on the rivers and
the Great Lakes.

Battery efficiency - Measured in percentage. Net DC energy delivered on discharge, as a

percentage of the total DC energy required to restore the initial state-of-charge. The
efficiency value must include energy losses resulting from self-discharge, cell

equalization, thermal loss compensation, and ali battery-specific auxiliary equipment.

Btu- The amount of energy required to raise the temperature of 1 pound of water 1

degree Fahrenheit at or near 39.2 degrees Fahrenheit. An average Btu content of

fuel is the heat value per quantity of fuel as determined from tests of fuel samples.

Bunker - A storage tank.

Bunkering fuels - Fuels stored in ship bunkers.
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Interdty bus: A standard size bus equipped with front doors only, high backed seats,

luggage compartments separate from the passenger compartment and usually with

restroom facilities, for high-speed long distance service.

Motor bus: Rubber-tired, self-propelled, manually-steered bus with fuel supply on
board the vehicle. Motor bus types include intercity, school, and transit.

School and other nonrevenue bus: Bus services for which passengers are not directly
charged for transportation, either on a per passenger or per vehicle basis.

Transit bus: A bus designed for frequent stop service with front and center doors,
normally with a rear-mounted diesel engine, low-back seating, and without luggage

storage compartments or restroom facilities. Includes motor bus and trolley coach.

Trolley coach: Rubber-tired electric transit vehicle, manually-steered, propelled by

a motor drawing cvrrent, normally through overhead wires, from a central power
source not on boa:,'i the vehicle.

Calendar year - The period of time between January 1 and December 31 of any given year.

Captive imports - Products produced overseas specifically for domestic manufacturers.

Carbon dioxide (COz) - A colorless, odorless, non-poisonous gas that is a normal part of

the ambient air. Carbon dioxide is a product of fossil fuel combustion.

Carbon monoxide (CO) - A colorless, odorless, highly toxic gas that is a normal by-product

of incomplete fossil fuel combustion. Carbon monoxide, one of the major air

pollutants, can be harmful in small amounts if breathed over a certain period of time.

Car-mile (railroad) - A single railroad car moved a distance of one mile.

Cargo ton-mile- See Ton-mile.

Certificated route air carriers - See Air carriers.

Class I freight railroad - See Rail.

Clean Fuel Vehicle - Vehicle meeting the clean fuel.vheicle exhaust emissions standardswith

no restriction on fuel type.
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Coal slur_ - Finely crushed coal mixed with sufficient water to form a fluid.

Combination trucks - Consist of a power unit (a truck tractor) and one or more trailing

units (a semi-trailer or trailer). The most frequently used combination is popularly
referred to as a "tractor-semitrailer"or "tractortrailer".

Commercial sector - See Residential and Commercial sector.

Commuter railroad - See Rail.

Compact car- See Automobile size classifications.

Constant dollars - A series of figures is expressed in constant dollars when the effect of

change in the purchasing power of the dollar has been removed. Usually the data are

expressed in terms of dollars of a selected year or the average of a set of years.

Consumer Price Index (CPI) - An index issued by the U.S. Department of Labor, Bureau

of Labor Statistics. The CPI is designed to measure changes in the prices of goods

and services bought by wage earners and clerical workers in urban areas. It
represents the cost of a typicalconsumption bundle at current prices as a ratio to its

cost at a base year.

Continuous discharge capacity - Measured as percent of rated energy capacity. Energy

delivered in a constant power discharge required by an electric vehicle for hill

climbing and/or high-speed cruise, specified as the percent of its rated energy capacity
delivered in a one hour constant-power discharge.

Corporate Average Fuel Economy (CAFE) standards - CAFE standards were originally
established by Congress for new automobiles, and later for light trucks, in Title V of

the Motor Vehicle Information and Cost Savings Act (15 U.S.C.1901, et seq.) with

subsequent amendments. Under CAFE, automobile manufacturers are required by

law to produce vehicle fleets with a composite sales-weighted fuel economy which

cannot be lower than the CAFE standards in a given year, or for every vehicle which

does not meet the standard, a fine of $5.00 is paid for every one-tenth of a mpg below
the standard.

Crude oil- A mixture of hydrocarbons that exists in the liquid phase in natural underground

reservoirs and remains liquid at atmospheric pressure after passing through surface

separating facilities.
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Crude oil imports - The volume of crude oil imported into the S0 States and the District

of Columbia, including imports from U.S. territories, but excluding imports of crude
oil into the Hawaiian Foreign Trade"Zone.

Current dollars - Represents dollars current at the time designated or at the time of the
transaction. In most contexts, the same meaning would be conveyed by the use of the
term "dollars'.

Dispcsable personal income. See Income.

Distillate fuel oil- The lighter fuel oils distilled off during the refining process. Included

are products known as ASTM grades numbers 1 and 2 heating oils, diesel fuels, and

number 4 fuel oil. The major uses of distillate fuel oils include heating, fuel for on-
and off-highway diesel engines, and railroad diesel fuel.

Domestic air operator - See Air carrier.

Dome, tic water transportation - See Internal water transportation.

Electric utilities sector - Consists of privately and publicly owned establishments which

generate electricity primarily for resale.

Emission standards - Standards for the levels of pollutants emitted from automobiles and

trucks. Congress established the first standards in the Clean Air Act of 1963.

Currently,standards are set for four vehicle classes - automobiles, light trucks, heavy-
duty gasoline trucks, and heavy-duty diesel trucks.

F_zergyeapa_ty- Measured in kilowatt hours. The energy delivered by the battery, when

tested at C/3 discharge rate, up to termination of discharge specified by the battery

manufacturer. The required acceleration power must be delivered by the battery at
any point up to 80% of the battery's energy capacity rating.

Energy effic_ncy - In reference to transportation, the inverse of energy intensiveness: the

ratio of outputs from a process to the energy inputs; for example, miles traveled per
gallon of fuel (mpg).

Energy intensity - In reference to transportation, the ratio of energy inputs to a process to

the useful outputs form that process; for example, gallons of fuel per passenger-mile
or Btu per ton-mile.
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F'nuxlol_ralingcost-SeeOperatingcost.

vchicl_.

Private fleet vehicles: Ideally, a vehicle could be classified as a member of a fleet if
it is:

a) operated in mass by a corporation or institution,
b) operated under unified control, or

c) used for non-personal activities.

However, the definition of a fleet is not consistent throughout the fleet industry.
Some companies make a distinction between cars that were bought in bulk rather

than singularly,or whether they are operated in bulk, as well as the minimumnumber
of vehicles that constitute a fleet (i.e. 4 or 10).

Government fleet vehicles: Includes vehicles owned by ali federal (GSA), state,
county, city, and metro units of government, including toll road operations.

Foreign height - Movements between the United States and foreign countries and between

Puerto Rico, the Virgin Islands, and foreign countries. Trade between U.S. territories

and possessions (e.g. Guam, Wake, American Samoa) and foreign countries is
excluded. Traffic to or from the Panama Canal Zone is included.

Gas CmzzlerTax - Originates from the 1978 Energy Tax Act (Public Law 95-618). A new
car purchaser is required to pay the tax if the ear purchased has a combined

city/highway fuel economy rating that is below the standard for that year. For model

years 1986 and later, the standard is 22.5 mpg.

Gasohol - A mixture of 10% anhydrous ethanol and 90% gasoline by volume. There are

other fuels that contain methanol and gasoline, but these fuels are not referred to as

gasohol.

CrasoFme- See Motor gasoline.

General aviation - That portion of civil aviation which encompasses ali facets of aviation

except air carriers, lt includes any air taxis, commuter air carriers, and air travel clubs

which do not hold Certificates of Public Convenience and Necessity.

Gross National Product - A measure of monetary value of the goods and services becoming

available to the nation from economic activity. Total value at market prices of ali

goods and services produced by the nation's economy. Calculated quarterly by the
Department of Commerce, the Gross National Product is the broadest available

measure of the level of economic activity.
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Gross vehicle weight (gvw) - The weight of the empty vehicle plus the maximum anticipated
load weight.

Heavy-heavy truck - See Truck size classifications.

Household - Consists of ali persons who occupy a housing unit, including the related family
members and ali unrelated persons, if any, who share the housing unit.

Homing unit - A house, apartment, a group of rooms, or a single room occupied or
intended for occupancy as separate livingquarters. Separate living quarters are those

in which the occupants do not live and eat with any other persons in the structure and

which have either (1) direct access from the outside of the building or through a
common hallway intended to be used by the occupants of another unit or by the
general public, or (2) complete kitchen facilities for the exclusive use of the

occupants. The occupants may be a single family, one person living alone, two or

more families living together, or any other group of related or unrelated persons who
share living arrangements.

Hydrocarbon OtC)- A compound that contains only hydrogen and carbon. The simplest

and lightest forms of hydrocarbon are gaseous. With greater molecular weights they
are liquid, while the heaviest are solids.

IIICOIlIC -

Disposable personal income: Personal income less personal tax and non-tax
payments.

National income - The aggregate earnings of labor and property which arise in the

current production of goods and services by the nation's economy.

Personal income: The current income received by persons from ali sources, net of
contributions for social insurance.

Industrial u_etor - Construction, manufacturing, agricultural and mining establishments.

Intercity bus - See Bus.
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Internal water transportation - Includes ali local (intraport) traffic and traffic between ports
or landings wherein the entire movement takes place on inland waterways. Also
termed internal are movements involving carriage on both inland waterways and the

water of the Great Lakes, and inland movements that cross short stretches of open

water that link inland systems.

International air operator - See Air carder.

International fieight - See Foreignfreight.

Jet fuel - Includes both naphtha-type and kerosene-type fuels meeting standards for use in

aircraft turbine engines. Although most jet fuel is used in aircraft, some is used for
other purposes such as generating electricity in gas turbines.

Kcre*cnc-typc jet fuel: A quality kerosene product with an average gravity of 40.7

degrees API and 10% to 90% distillation temperatures of 217 and 261 degrees

centigrade. Used primarily as fuel for commercial turbojet and turboprop aircraft

engines. It is a relatively low freezing point distillate of the kerosene type.

Naphtha-type jet fuel: A fuel in the heavy naphtha boiling range with an average

gravity of 52.8 degrees API and 10% to 90% distillation temperatures of 117 to 233
degrees centigrade used for turbojet and turboprop aircraft engines, primarilyby the

military. Excludes ramjet and petroleum.

Kcnmcnc - A petroleum distillate in the 300 to 500 degrees Fahrenheit boiling range and

generally having a flash point higher than 100 degrees Fahrenheit by the American

Society of Testing and Material (ASTM) Method D56, a gravity range from 40 to 46

degrees API, and a burning point in the range of 150 to 175 degrees Fahrenheit. It
is a clean-burning product suitable for use as an illuminant when burned in wick

lamps. Includes grades of kerosene called range oil having properties similar to
Number 1 fuel oil, but with a gravity of about 43 degrees API and an end point of

625 degrees Fahrenheit. Used in space heaters, cooking stoves, and water heaters.

Kenmene-type jet fuel - See Jet fuel.

Large car - See Automobile size classifications.

Light duty vehicle,- Automobiles and light trucks combined.
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Light truck - Unless otherwise noted, light trucks are defined in this publication as two-
axle, four-tire trucks. The U.S. Bureau of Census classifies ali trucks with a gross

vehicle weight less than 10,000 pounds as light trucks (See Truck size classifications).

IYght-heavytruck. See Truck size classifications.

Liquified petroleum gas (lpg) - Consists of propane and butane and is usually derived from
naturalgas. In locations where there is no naturalgas and the gasoline consumption

is low, naphtha is converted to lpg by catalytic reforming.

Load factor - A term relating the potential capacity of a system relative to its actual

performance. Is often calculated as total passenger miles divided by total vehicle
miles.

Low-emission vehicle - A clean fuel vehicle meeting the low-emission vehicle standards.

Medium truck-SeeTrucksizeclassifications.

Midsize car - See Automobile size classifications.

Minicompaet car - See Automobile size classifications.

Model year - In this publication, model year is referring to the "sales"model year, the

period from October 1 to the next September 31.

Motor bus - See Bus.

Motor Gasoline - A mixture of volatile hydrocarbons suitable for operation of an internal

combustion engine whose major components are hydrocarbons with boiling points

ranging from 78 to 217 degrees centigrade and whose source is distillation of

petroleum and cracking, polymerization, and other chemical reactions by which the
naturally occurring petroleum hydrocarbons are converted into those that have
superior fuel properties.

Naphtha-type jet fuel- See Jet fuel.

National income - See Income.
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Nationwide Personal Transportation Study (NFI_) - A nationwide home interview survey

of households that provides information on the characteristics and personal travel
patterns of the U.S. population. Surveys were conducted in 1969, 1977, 1983 and

1990 by the U.S. Bureau of Census for the U.S. Department of Transportation.

Natural gas - A mixture of hydrocarbon compounds and small quantities of various non-

hydrocarbons existing in the gaseous phase or in solution with crude oil in natural
underground reservoirs at reservoir conditions.

Nitrogen Oxides (NO_) - A product of combustion of fossil fuels whose production increases
with the temperature of the process, lt can become an air pollutant if concentrations
are excessive.

Operating cost -

F'_ted operating cost: In reference to passenger car operating cost, refers to those
expenditures that are independent of the amount of use of the car, such as insurance

costs, fees for license and registration, depreciation and finance charges.

Variable operating cost: In reference to passenger car operating cost, expenditures

which are dependent on the amount of use of the car, such as the cost of gas and oil,
tires, and other maintenance.

Organization for Petroleum Extorting Countries (OPEC) - Includes Saudi Arabia, Iran,

Venezuela, Libya, Indonesia, United Arab Emirates, Algeria, Nigeria, Ecuador,
Gabon, Iraq, Kuwait, and Qatar. Data for Saudi Arabia and Kuwait include their

shares from the Partitioned Zone (formerly the Neutral Zone).

Other single-unit truck - See Single.unit truck.

Particulates - Carbon particles formed by partial oxidation and reduction of the hydrocarbon
fuel. Also included are trace quantities of metal oxides and nitrides, originating from

engine wear, component degradation, and inorganic fuel additives. In the

transportation sector, particulates are emitted mainly from diesel engines.

Passenger-miles traveled (PMT) - One person traveling the distance of one mile. Total

passenger-miles traveled, thus, give the total mileage traveled by ali persons.

Passenger rail - See Rai_ "Amtrak" and "Transit Railroad".
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Personal Consumption Expenditures (PC'E)- As used in the national accounts, the market

value of purchases of goods and services by individualsand nonprofit institutions and
the value of food, clothing, housing, andfinancial services received by them as income

in kind. It includes the rental value of owner-occupied houses but excludes purchases
of dwellings, which are classified as capital goods (investment).

Personal income - See Income.

Petroleum - A generic term applied to oil and oil products in ali forms, such as crude oil,

lease condensate, unfinished oil, refined petroleum products, natural gas plant liquids,

and non-hydrocarbon compounds blended into finished petroleum products.

Petroleum consumption - A calculated demand for petroleum products obtained by
summing domestic production, imports of crude petroleum and natural gas liquids,

imports of petroleum products, and the primarystocks at the beginning of the period
and then subtracting the exports and the primary stocks at the end of the period.

Petroleum eaports - Shipments of petroleum products from the 50 States and the

District of Columbia to foreign countries, Puerto Rico, the Virgin Islands, and other
U.S. possessions and territories.

Petroleum imports - Ali imports of crude petroleum, natural gas liquids, and
petroleum products from foreign countries and receipts from Guam, Puerto Rico, the
Virgin Islands, and the Hawaiian Trade Zone. The commodities included are crude

oil, unfinished oils, plant condensate, and refined petroleum products.

Petroleum inventories - The amounts of crude oil, unfinished oil, petroleum products,

and natural gas liquids held at refineries, at natural gas processing plants, in pipelines,

at bulk terminals operated by refining and pipeline companies, and at independent
bulk terminals. Crude oil held in storage on leases is also included; these stocks are

know as primary stocks. Secondary stocks - those held by jobbers dealers, service
station operators, and consumers -are excluded. Prior to 1975, stock held at

independent bulk terminals were classified as secondary stocks.

Petroleum products supplied - For each petroleum product, the amount supplied is
calculated by summing production, crude oil burned directly, imports, and net

withdrawals from primary stocks and subtracting exports.

Quad - Quadrillion, 1015. In this publication, a Quad refers to Quadrillion Btu.
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Rail -

Amtrak (American Railroad Tracks): Operated by the National Railroad Passenger
Corporation of Washington, DC. This rail system was created by President Nixon in

1970, and was given the responsibility for the operation of intercity, as distinct from

suburban, passenger trains between points designated by the Secretary of
Transportation.

Oam I freight raBroad: Defined by the Interstate Commerce Commission each year

based on annual operating revenue. For 1988, the threshold for Class I railroadswas

$87.9 million. A railroad is dropped from the Class I list if it fails to meet the annual
earnings threshold for three consecutive years.

Commuter railroad: Those portions of mainline railroad (not electric railway)
transportation operations which encompass urban passenger train service for local

travel between a central city and adjacem suburbs. Commuter railroad service - using
both locomotive-hauled and self-propelled railroad passenger cars - is characterized

by multi-trip tickets, specific station-to-station fares, and usually only one or two
stations in the central business district. Also known as suburban railroad.

Transit mflroM: Includes "heavy" and "light" transit rail. Heavy transit rail is

characterized by exclusive fights-of-way, multi-car trains, high speed rapid acceleration,

sophisticated signaling, and high platform loading. Also known as subway, elevated
railway, or metropolitan railway (metro). Light transit rail may be on exclusi,Je or

shared rights-of-way, high or low platform loading, multi-car trains or single cars,
automated or manually operated. In generic usage, light rail includes streetcars,

trolley cars, and tramways.

Residential and Commercial sector - Consists of housing units, non-manufacturing business

establishments (e.g., wholesale and retail businesses), health and educational

institutions, and government offices.

Residential Transportation Energy Consumption Survey (RTECS) - This survey was
designed by the Energy Information Administration of the Department of Energy to

provide information on how energy is used by households for personal vehicles. It

was conducted in 1983, 1985, and 1987. Data for the 1987 RTECS are not yet
available.
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Residual fuel oil - The heavier oils that remain after the distillate fuel oils and lighter
hydrocarbons are boiled off in refinery operations. Included are products know as
ASTM grade numbers 5 and 6 oil, heavy diesel oil, Navy Special Fuel Oil, Bunker C

oil, and acid sludge and pitch used as refinery fuels. Residual fuel oil is used for the

production of electric power, for heating, and for various industrial pu_.

Rural - Usually refers to areas with population less than 5,000.

Sales-weighted miles per gallon (mpg) - Calculation of a composite vehicle fuel economy
based on the distribution of vehicle sales.

Scrappage rate - As applied to motor vehicles, it is usually expressed as the percentage of

vehicles of a certain type in a given age class that are retired from use (lacking
registration) in a given year.

School and other nonrevenue bus - See Bus.

Single unit truck - Includes two-axle, four-tire trucks and other single unit trucks.

Two-axle, four tire truck: A motor vehicle consisting primarily of a single motorized
device with two axles and four tires.

Other single-unit truck: A motor vehicle consisting primarily of a single motorized
device with more than two axles or more than four tires.

Special fuels - Consist primarily of diesel fuel with small amount of liquified petroleum gas,
as defined by the Federal Highway Administration.

Specific acceleration power - Measured in watts per kilogram. Acceleration power divided
by the battery system weight. Weight must include the total battery system.

Specific energy - Measured in watt hours per kilogram. The rated energy capacity of the
battery divided by the total battery system weight.

Subcompact car - See Automobile size classifications.

Supplemental air carrier- See Air carrier.
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Ton-mile - The movement of one ton of freight the distance of one mile. Ton-miles are

computed by multiplying the weight ;n tons of each shipment transported by the
distance hauled.

Transmission types-

A3 - Automatic three speed
A4 - Automatic four speed

A5 - Automatic five speed

LA - Automatic lockup four speed
M5 - Manual five speed

Transit bus - See Bus.

Transit railroad - See Rail.

Transportation sector - Consists of both private and public passenger and freight

transportation, as well as government transportation, including military operations.

Truck Inventory and Use Survey (TIUS) - Survey designed to collect data on the
characteristics and operational use of the nation's truck population, lt is conducted

every five years by the U.S. Bureau of the Census. Surveys were conducted in 1963,
1967, 1972, 1977, 1982, and 1987.

Trolley coach - See Bus.

Truck size classifications - U.S. Bureau of the Census has categorized trucks by gross vehicle
weight (gvw) as follows:

Light - less than 10,000 pounds gvw (Also see Lig_atTruck.)

Medium - 10,001 to 20,000 pounds gvw

Light-heavy - 20,001 to 26,000 pounds gvw
Heavy-heavy - 26,001 pounds gvw or more.

Two-axle, four-tire truck - See Single-unit truck.

Two seater car - See Automobile size classifications.
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Ultra-low emission vehicle - A clean fuel vehicle meeting the more stringent Ultra-low
emission standards.

Urban - Usually refers to areas with population of 5,000 or greater.

Variable operatingcost - See Operating cost.

VehicJe.-milestraveled (vmt) - One vehicle traveling the distance of one mile. Total vehicle
miles, thus, is the total mileage traveled by ali vehicles.

Zero-emission vehicle - A clean fuel vehicle meeting even more stringent zero-emission
vehicle standards.
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