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fORWARD

The ORNL team continues to make additions and refinements in each edition of

the IYamportation Eaer_ Data Book. A few of the data items that caught my attention

were:

• The average new car price (in constant dollars rose by $92 during the 1970's but

increased by $4000 during the 1980's (Table 2.22).

• During the last twenty years, travel by autos rose 2.6% per year on average,

whereas light truck travel grew 7.1% per year (Table 3.2).

• The average age of autos on the road was 7.8 years in 1990, 2.2 years higher

than in 1970 (Table 3.5).

• In 1988, there were 513,682 vehicles in the Federal fleet. Over 63% of these

vehicles were light-duty trucks (Table 3.36).

• The California auto emission requirements (which some othe, states may adopt)

for the year 2003 require sales to be 10% zero emission vehicles (ZEV), 15%
!

ultra low emission vehicles (ULEV), and 75% low emission vehicles (LEV)

(Table 3.49).

• The average household spent 19.3% of its income on transportation in 1989

(Table 4.12).

I hope you find this resource document useful. Please let me know if you have

suggestions for data that should be added.
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ABSTRACT

The Transportation Energy Data Book: Edition 12 is a statistical compendium

prepared and published by Oak Ridge National Labor_atory (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 Energy 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 12.

The current role of the government in reducing tramportation energy use is to

supplement the efforts of private industry. To this end, the major thrust of the Office of

Transportation Technologies is toward the research and development of generic, high-risk

technologies with a large potential for energy savings. 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,

F.Aition 12 updates much of the same type of data that is found in previous editions.

xxv



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

actMty, 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 opinions as to their utility. Clearly, the accuracy of the estimates cannot exceed the

accuracy of the primary data, an accuracy which in most instances is unknown. In cases

xxvi



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

reader is alerted. In ali cases it should be recognized that the estimates are not precise.

The majority of 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 12 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. An oil embargo was affecting the economy in 1982, and the base year was

chosen as a year of economic recession.

Table identifiers, first used in edition 10, can be found on the upper outside corner

of each table and in the Table of Contents. The table identifiers were created to assist in

the specific location of information, since many of the same tables are updated in each

edition of the data book, but are not given the same table number or page number as the

previous edition. Throughout future editic,ns of the data book, the table identifiers will

remain the same for each table which is published, and new identifiers will be created for

new tables.
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CHAPTER 1

INTERNATIONAL TRANSPORTATION STATISTICS

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

countries around the world. Countries were selected 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 1960, 62.7% of the world's automobiles were registered in the United States; by

1989, that percentage had dropped to 33.7% ('!'able 1.1). The U.S. had a lower annual

growth rate in automobile registrations from 1950 to 1989 than any of the other listed

countries except Sweden, for which 1950 data are not available. The U.S. also accour, ts

for 33.3% of the world's truck and bus registrations. Japan has experienced the most

growth in truck and bus registrations since 1950, 13% annually (Table 1.2.).

The U.S. had the highest number of automobiles per capita in 1989 (0.575), with

Canada following second (0.489). 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, 0.178 and 0.173, respectively (Table 1.3).

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

the past eight years, while the U.S. has had the lowest of the listed countries (Table 1.4).

Italy's high gasoline prices in 1989 were mainly due to the gasoline tax (Figure 1.4). The

countries with the highest diesel taxes are West Germany and the United Kingdom

(Figure 1.5).

The U.S. transported a greater share of goods by rail in 1985 than the other listed

countries (Table 1.9). Water transport of goods was prevalent in Japan, but hardly used in

Italy at that time. In ali of the listed countries, more passenger-miles were traveled by

automobile than any other mode (Table 1.10). Air transportation was the mode with the

least passcnger-miles for ali countries except the U.S., where fewer passenger-miles were
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traveled by rail and bus. In 1987 France and Japan had the highest average number of

people per vehicle, 1.85 and 1,84, respectively (Table 1.11). The automobile load factor

for every listed country declined from 1970 to 1987.

Japan used 2.5 t,_,,nesmore energy for automobiles and air travel in 1987 than in 1970

(Table 1.12). The only declines in energy use from 1970 to 1987 were in rail and air

travel in West Germany and rall travel in _the United Kingdom. The highway modes,

automobi!es and buses, consumed the majority of energy in ali listed countries.

b
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The United Kingdom was the only European country which had a gasoline price declble (in constatu 1990 dollars) from 1989 i

to 1990. The UnitedStatesandJapan weretheon/yothercountrie_to cxlwrlcncethis decline, floweret, the1990 data represent|
prices only on Jam_ary 1, 1990. The yea#y average may be son_vhat different, O,_r the past eight years_the United States has |

reported the lowest gasolble pric_ among ali listed couturies while lta_ has the ht_ I
!
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Table 1.4
GasolinePrices for Stirred Countrk_,"1978-90

, CuIxent dollars per gallon Average annual
percentage change

1978 197,9 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990b 1978-90 1982-90

J-_n c 2.00 2,10 2.58 2,64 2.60 2,42 2,31 2,25 2,79 3,17 3.43 3,18 3.05 3,6 2.0

France 2,15 2,56 3,03 2,7(} 2,56 2,37 2,24 2,37 2,58 3,05 3,06 3,07 3,40 3,9 3,6
Italy 2.23 2,47 3,10 2,97 2,88 2.93 2,79 2,63 3,26 3,79 3,95 3,80 4,27 5.6 5.0
Sweden 1,56 1,94 2,64 2,64 2,40 2,07 1,93 2,06 2.20 2,5{I 2,76 2,80 3,2.3 6,3 3,8
United Kingdom 1,22 1,79 2,50 2,57 2,42 2,25 2.05 2,12 2.07 2,39 2.51 2,51 2,55 6.3 0,7
West Germany 1,75 2,06 2.43 2,38 2,17 2,{14 1,87 1,87 1,88 2,20 2,20 2,49 2.72 3,7 2,9

North Amerka:
Canadae 0,69 0,73 0.85 1,13 1,37 1,47 1,48 1,45 1,31 1,41 1,54 1,63 1,92 8,9 4,3
United Statesd 0,66 0,87 1,23 1,37 1,32 1,25 1,22 1,20 0,93 0,93 0.95 1.02 1.04 3.9 -2,9

Constant 1990 dollarse per gallon Average annual
percentage change

1978 1979 1980 1981 1982 1983 1984 1985 1986 198;'/ 1988 1989 1990b 1978-90 1982-90

/uaa:
Japanc 4,01 3,78 4.09 3,79 3,52 3.17 2.91 2,73 3,33 3,64 3.79 3,35 3,05 -2,3 -1 8

France 4,31 4,61 4,81 3.45 3,47 3.il 2.82 2.88 3,07 3.51 3,38 3,24 3.40 -2,0 -0.3
Italy 4,47 4,45 4,92 4,27 3,90 3,84 3,51 3 19 3,89 4,36 4.36 4,01 4,27 -0,4 _,1
Sweden 3,12 3,49 4,19 3,79 3,25 2,72 2.43 2,50 2.62 2.87 3,05 2,95 3.23 0,3 -0,1
United Kingdom 2.44 3.22 3,96 3,69 3,28 2,95 2,58 2,58 2,47 2,75 2,77 2,65 2,55 0,4 -3,1
West Germany 3,51 3,71 3,85 3,42 2.94 2,(xq 2,35 2.27 2.24 2,53 2,43 2,62 2,72 -1,0 -2,1

Not'lh America:
Canada e 138 1.31 1,35 1.62 1,85 1,93 1,86 1,76 1,56 1,62 1,70 1.72 1,92 2,8 0.5
United Statesd 1,32 1,57 1,95 1,97 1,79 1,64 1,53 1,46 1.11 1.07 1,05 1,08 1,04 -2,0 -6,6

Scmrcc:
U,S, Department of Energy, Energy Information Administration, International Enerffv Annual 1989, Washington, DC,

February 1991, pp. 91-94, and annual,

aPrices represent the retail prices (including taxc.s) for premium leaded gasoline unles.s otherwise noted, Prices are
representative for each country based on quarterly data averaged for lhc year,

b1990 prices represent the retail prices (including taxc_) for premium leaded gasoline on January 1, 1_)0,
CAll prices for Japan and Canada are unleaded regular gasoline,
dAli prices for the United States are unleaded regular gasoline, "l'he_ estimates are for international comparisons only and

do not necc.'ssarily correslxmd to gasoline price t_timates in other _;ctions of the tx×)k,
eAdjusted by lhc [J.S, Consumer Price Inflation lndcx.
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Dtesel fuel prtces in the IJ,S, in 1990 wereat least 75 cents &_werthan any other listed colo_try, 71tc U.S, has _.plca#y had ttw lowest diesel
prices, while the European countries have the ht_,4_esL

Table 1.5
Diu',',',',',',',',',_elFuel Prices h)r Selected Countries,"1978-90

Cun'ent dollars per gallon Average annual
_rcentage change

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990b _'978-90 1982-90

Japan ° 1,23 1,70 1,81 1,78 1,72 1,66 1,60 1,90 1.91 2,02 2,02 1,75 3,3d -0,2

France 1.30 1;65 2,11 1,98 1,88 1.7/b 1,63 1,68 !,69 1,92 L84 1,86 1,78 2,7 -0,7
Italy 0,64 0,80 1,21 1,11 1,19 1.726 1,20 1,21 1,31 1,62 1,78 1,82 2,34 11,4 8,8
Sweden 0,62 (I.83 1,31 1,35 1,41 1,2_i 1,32 1,36 1,24 1,54 1,64 1.84 2,30 11,5 6,3
United Kingdom 1,24 1,70 2,19 2,23 2,05 1,87 1,68 1,78 1,71 ,1,89 1,99 2,06 2,04 4,2 -0,1
West Germany 1,48 !,77 2,10 1,9t) 1,81 1,66 1,53 1,52 1,51 _.,72 1.66 1,71 2,72 5,2 5,2

Noah Amerk_
Canada o c c 1,27 1.27 1,33 1,30 1.31 1,27 1.33 1,45 1,47 1,55 o 2.5
United States e 0,54 0,73 1.01 1,18 1,16 1,20 1,22 1,22 0,94 0.96 0.95 0,89 0,99 5,2 -2,0

Constant 1999 dollars f pet"gallon Average annual
percentage change

1978 1979 1980 1981 1982 1983 1'_J84 1985 1986 1987 1988 1989 1990b 1978-90 1982-90

Japan 0 2,21 2,70 2,61) 2,41 2,26 2,tlO 1,94 2,26 2,20 2,23 2,13 1,75 -2,1d -3.9

[Unoi_
France 2,60 2,97 3,35 2,84 2.55 2,31 2,05 2,04 2,01 2.21 2.03 1,96 1,78 -3.1 -4,4
Italy 1,28 1,44 1,92 1,59 1,61 1,65 1,51 1,47 1,56 1,86 1,97 1,92 2,34 5,2 4,8
Sweden 1,24 1,49 2,08 1,94 1,91 1,65 1,66 1,65 1.48 1,77 1,81 1,94 2.30 2,3 5,3
United Kingdom 2,48 3,06 3,47 3,21) 2,78 2,45 2,11 2,16 2,04 2,17 2,2(I 2,17 2,04 -1,6 -3,8
West Germany 2,_ 3.19 3,33 2,73 2,45 2,18 1,92 1,85 1,80 1,98 1,83 1,80 2,72 1.3 -0,7

North America:
Canada c c c 1,82 1,72 1,74 1,64 1,59 1,51 1,53 1.60 1,55 1,55 c -2,2
United States ° 1,08 1.31 1,60 1,70 1.57 1,57 1,53 1,48 1,12 1.10 1,05 0,94 0,99 -0,7 -5,6

Source:
U,S, Department of Energy, Energy lnft_rmation Administration, International Enerhw Annual 1989, Washington, DC,

February 1991, p, 91-94, and annual,

aPrices represent the retail prices (including taxes) fc)rdie.,a:lfuel unless otherwise noted, l'rtces are representative for each country based

on _uarterly data averaged for the year,
°199¢ prices represent the retail prices (including taxes) for diesel fuel on January 1, 1990,
CData are not available.

dAverage annual percentage change Is for years 1979-N1,
_'l'ht..'seestimates are for international compariscms only and dr_n_l nece,s.sarilycorresp_md lo diesel price e.stlmatcs in other sections of

the Nmk,
rAdjusted by the U,S, Consumer Price Inflation Index,
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According to the best available data, new cars in France have the highest fuel economy of the listed
countries, Caution shouM be used, however, when comparing Jhel economy data between countries
because each country may use different methods of calculathzg new car j_el economy, The data,
therefore, may not be directly comparable,

I I I III I I I I

t

Table 1.6

New Gasoline Car Fuel Economy for Selected Countries, 1973-89
(miles per gallon)

I II I i gRin i I iii li iii i I I Jl I I

Year Japan France Italy Sweden Germany Untted States
a 11

1973 22,6 ° 22,8 13,0
1974 22.1 ' a a ,, 13,8

a a a

1975 21,2 27,5 15.3
a ii li

1976 22,6 28,0 16,7
a a n

1977 24,9 28.3 17,7
a

1978 26,8 28.5 25,3 24,0 18,6
II

1979 27.3 29,0 25,6 24,5 18.7
19.30 27,3 30.2 28,2 26,1 26,1 22,5
1981 28,9 31,7 28,7 27,0 a 24,1

l!

1982 30.6 32,9 29.4 27.4 24,7
1983 30,1 33,6 31,7 27,4 29,0 24,6

1984 30.1 34,3 32.7 27,7 30,2 24.6
1985 29.1 34,9 32,7 27,7 31,0 25,0

1986 28,2 35,1 33,7 28,0 31,4 25.7
1987 27,7 35,5 34.1 28,7 30.6 25.9
1988 27,3 35,9 34,1 28,3 29,8 25,8

li _l i!

1989 36,1 28,3 25,5

Average annual percentage change
1973-89 1,3%b 1,9%° 2,4%0 1,0%° 1,8%r 4,3%
1982-89 -1.9%b 1,3% 2.5%d 0.5% 0.5%r 0,5%

Sourcx_:

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

_Data are not available,

t'Average annual percentage changes are for years 1973-88 and 1982-88.
_Average annual percentage change is for years 1975-89,
'JAverage annual percentage changes are fl_ryears 1980-88 and 1982.88.
°Average annual percentage change is for years 1978-89,
tAverage annual percentage changes are for years 1973.88 and 1983.88,
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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 for international comparisons and shouM be used only for that purpose; they
are not consistent with other domestic fuel economy figures,

,

III II I IIIIII

Tablo 1.7

b3tmlEconomy of the Gasoline Automobile Population for S_leeted Countries, 1970-89
(miles Imr gallon)

United United
Year Japan France Italy Sweden Germany

Kingdom States

1970 21,4 27,6 ' 22,1 23,4 23,0 13,2
1971 19,6 27,6 a a 23.4 22.0 13.2

1972 21,4 27,6 21,7 21,9 21,4 13.1
1973 21,4 27,9 27,8 21,5 21.7 21,9 13,0
1974 21,4 27,6 a a 21,8 22.1 13,1

a a
1975 21,4 27,2 22,5 21,9 13,2

, lt

1976 21,4 26,2 22,1 22,6 21,8 13.2
1977 21,4 26,3 a a 22,4 21,6 13.5

Ii

1978 19,6 25,9 21,8 22,0 21,4 13,7

1979 19,6 26,3 27,8 _ 21,5 21.7 14,0
1980 19,6 27.5 28,7 a 22,6 21,5 14.9
1981 19,6 28,0 28.0 21,6 23,5 21,6 15,3

1982 21,4 26,8 28,0 21.5 23,6 21,6 15,9
1983 21,4 26.6 28,2 21,8 23.7 21,6 16.3
1984 21,4 26,8 28,7 21,8 23,7 21,6 16.8

1985 21,4 26,9 28,9 22,0 24,1 21,6 17,1
1986 21,4 26,8 29,4 22,4 24.0 21,6 17,1
1987 21,4 26,9 29.9 22,8 24,4 21,8 17,5

1988 21,4 26.5 30_1 23.1 24,1 22,0 18,4
1989 " 26,9 30,6 23,1 25,3 22,4 18.9

Average annual percentage change
1970-89 0.0%b -0,1% 0,6%_ 0,2% 0,4% -0,1% 1.9%
1982-89 0,0%b 0.1% 1,3% 1.0% 1,0% -0,5% 2,5%

Sources:

International Energy Studies, Energy Analysis Program, Lawrence Berkeley Laboratory, Berkeley,
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 197(.)-88and 1982-88.
°Average annual percentage change is tor years 1973-89,
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Table 1.8
Annual Milc,_per Vehicle for _l_ted CounU'ies, 1984-89

(mlk.)

1984 1985 1986 1987 1988 1989

Asia:
Japan

Cars 6,486 6,503 6,519 6,274 6,124 '
Trucks 7,485 7,438 7,483 6,786 6,913 '
Buses 17,052 17,070 17,250 17,299 17,310 '

Europe:
France

Cars 7,643 7,768 8,078 8,451 8,389 8,451
Trucks 12,428 12,428 12,428 12,428 13,0_,9 13,671
Buses 29,827 29,827 29,827 29,827 29,827 31,070

Italy
Cars 6,152 6,152 6,152 6,214 a a
Trucks 19,596 13,453 13,566 13,648 0 a
Buses 31,960 32,822 34,616 35,636 a

Sweden

Cars 7,457 7,457 7,457 7,768 7,768 7,457
Trucks 27,342 27,963 27,963 'Buses , , a _

United Kingdom
Cars 8,078 8,700 8,700 9,197 9,102 9,496
Trucks 30,449 30,449 31,691 35,544 29,963 13,752
Buses 28,584 26,720 27,963 22,992 16,947 19,529

West Gemmny
Cars 8,7(X) 8,451 8,700 8,886 9,072 9,010
Trucks t7,337 17,710 18,083 18,145 18,207 18,642
Buses 32,375 33,1.21 33,369 34,488 35,047 35,420

North America:
Canada

Cars 10,119 !0,092 10,267 10,715 " a
Trucks . _ a
Buses a . . _ _

United States

Cars 9,785 9,558 9,6(k'5 9,882 10,117 10,382
Trucks 11,873 12,745 12,955 13,421 13,654 13,901
Buses 11,532 8,215 8,536 8,844 8,875 9,095

Sources:

International Road Foundation, World Road Statistics 1985-89, Washington, DC, 1990, pp. 78, 80,
82, 86, and 88.

1989 U.S. data - U.S. Department of Transportation, Federal Highway Administration, Highway
Statistics 1989, Washington, DC, 1990, Table VM-I, p. 181,

_Data are not available.
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Table 1.9
Inland Surface Transport of Goods for Selected Countries, 1_5

(milliontou-miles)

Road Water Rail

Asi...._.aa:

Japan 127,972 127,895 13,754

Europe:
France 69,597 5,220 33,556

Italy 89,562 125 11,716
Sweden 13,159 5,593 10,929

United Kingdom 63,445 25,912 9,507

West Germany 83,330 29,951 39,770
North America:

United States 609,593 382,161 894,816

Soul't_:

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

Figure 1.11. Inland Surface Transport of Goods for Selected Countries, 1985
ORNL-DWG 92-55O5

o
Japan Frll'_ce Italy Sweden U.K. W.Gei'rner_ U.S.

Country

Source: Table 1.9.
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From 1970 to 1987 the load factor for automobiles and buses declined in every listed
country except France where the automobile load factor remamed the same. The country
with the largest decline in automobile load factor was the United States, while West
Germany had the largest bus decline.

IIIII I II1[I I IIII I II I I Illll .. I I III [

Table 1.11

Factor by Modes of Transportation, 1970 and 1987

Automobiles Buses Rail

1970 1987 1970 1987 1970 1987

Asi.___fla:
lh

Japan 2.22 1.84 22.0 18.1 *

_.. a a

a
France 1.85 1.85 24.2 23.1

Italy 1.97b 1.67
I II li

Sweden 1.85 1.58 12.4

United Kingdom 1.83 1..75 14.8 10.0 97.7c 98.0c

West Germany 1.70 1.50 22.1 15.6 127.9_ 128.2'

North America:

United States 2.20 1.70 18.1 17.6 20.4 d 24.8 d

Source:

Schipper, Lee, et. al., E._nert.,yUse in Passenger Transport in OECD Countries:
Changes between 1970 and 1987, Lawrence Berkeley Laboratory, Berkeley, CA, 1991,
LBL-29830.

'Data are not available.
b1973 data.

CNumber of people per train.
dNumber of people per car.
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CHAPTER 2

TRANSPORTATION ENERGY CHAI CI'ERISTICS

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

consumption in 1989. Domestic crude oil production has been declining since i985 and in

1990 was at its lowest point in the twenty year series (7.3 million barrels per day). While

domestic crude oil production has declined 18.6% from 1985 to 1990, the amount of crude

oil imported has increased 83.8% in that tin'le period to meet the domestic demand.

Imports in 1990 accounted for 47% of U.S petroleum consumption (Table 2.2).

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

63.6% (Table 2.3). Despite the great use of petroleum, the transportation sector

continued to account for only 27.1% of total energy use in 1_.)0 (Table 2.6). The

residential and commercial sector depended heavily on electricity in 1990 (Table 2.4). The

electricity was generated using mainly coal (55%), but also using natural gas, petroleum,

hydro-electric power, nuclear-electric power, and other sources (Table 2.5).

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 1989 (60.8%) (Figure

2.7). Of total transportation energy use in 1989, 72.9% was consumed by the highway

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

transportation) accounted for 20.7%. The remaining 6.4% of transportation energy use

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

Although the average price tbr ali types of gasoline jumped 20 cents from 1989 to

I_X) (in constant 1_)() cents), the price was still below the high prices of the early 1980's.

Unleaded regular gasoline prices in constant 1_._) cents experienced an average decline of

5% annually from 1982 to 199() (Table 2.16). The refiner sales prices for other

transportation fuels such as propane, aviation gasoline and jet fuel also increast d from

1989 to 1990 (Table 2.17). Many oi"these fuel price increases 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

(Table 2.18).

2!
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Transportatton's share of the gross national product (GNP) fell below 18% for the

first time in 1989 and continued to decline in 199(I, GNP has been growing at an average

rate of 3.5% from 1982 to 1990, while transportation outlays have grown an average of

2.4% annually (Table 2.19). Transportation personal consumption expenditures (PCE)

have remained near the same level since 1988, while total PCE have been growing.

Transportation PCE was approximately 12.1% of total PCE in 1990 (Table 2.20).
J

Although consumers in 1990 spent almost h_ur times more for a used car than they

would have in 1970, the used car Consumer Price Index (CPI) declined slightly from 1989

to 1990. This is the first decline in the used car CP I since 1986 (Table 2.21). The

average price of a new domestic car in constant 1_ dollars actually declined by $126

from 1°89 to 1990. Import car prices continued to increase slightly in this period. The

average price of a domestic cat' was $1,369 less than an import car in I_X) (Table 2.22).

The cost of operating a car rose to 40.96 cents per mile in 19_X). Gas and oil, once as

much as one-quarter of the total cost to operate a car, accounted for only 13.2% of the

total cost in 1990 (Table 2.23).
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Seetkm 2.1. Ener_ Ckmsumptton and Supply

Table, 2.1

Refinery Yield of Pe,troioum Products from a Barre,I of Crude, O11, 1978-90 _
(percentage,)

Motor Distillate Jet Lktuefled
Year Ot_ollne fuel oil fuel petroleum gas Othe,r t'

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

Source:

Department of Energy, Energy Information Admlnlstrmlon, Petroleum Supply Annual 1990,
Vol. 1, May 1991, Table 19, p. 52, and unhand.

Irtgure 2.1. Refinery Ylckl td' Petn_um Prtxlucts fnma a llarrcl of Crude OR, 1980 and 1990

_}0 li iu i iu - fill li li

"X

g-

o
Gasoline DistillateFuelOil Jet Fuel LPG* Other

Petroleum Products
' Llqt_lKt PmtroleumGas

Souro_:SeeTable 2.1,

'Prtxlucts sum greater than 100% due to pr_cesslng gain. The processing gain for years 1978 to
1980 is assumed to be 4%.

blncludes aviathm gasoline, kerosene, nal_htha and other oils li_r petrochemical feedstock use,

special naphthas, lubri_tnts, waxes, petroleum coke, asptudt and road o11,still gas, and miscellaneous
products.
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The transportation sector's share of petroleum consumption grew to an all.time high of 63,6% in 1990,
Total petroleum consumption, however, declined in 1990 to 15,9 million barreb per day,

Table 2.3

Consumption of Petroleum by Fatd-Use Sector, 1973-90

(quadrillion Btu)

Percentnge Residential Total in
transportation and Electric million barrels

Year Transportation of totaJ commercial Industrial utilities "lk_tal per day'

1973 !7,83 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 7,80 1,57 30,24 14.28
1983 18,59 61,9% 2,50 7.42 1,54 30.05 14.19
1984 19.29 62,1% 2,59 7,90 1,29 31,07 14,68
1985 19.53 63,2% 2,57 7,73 1,09 30,92 14,61
1986 20,22 62,8% 2,58 7,95 1,45 32.22 15.22
1987 20,78 63,2% 2,62 8,21 1,26 32,87 15,53
1988 21.51 62.8% 2,69 8,46 1,56 34.22 16,16

1989 21,69 63.2% 2,63 8,21 1,69 34,22 16,16
1990 21,41 63,6% 2,50 8,49 1,25 33,65 15,9(}

Average tmnual percentage change

1973.90 1,1% .3.3% -0.4% -5,9% .-0.2%
1982.90 1.9% 0,3% 1,1% -2,8% 1,3%

,'.kmn:e:

U.S, Department tfr F,nergy, Energy Information Administration, Monthly F.n_er_kwReview, M_)rch '1_)1, pp. 27,
29, 31, 33.

"Calculated from Total column. One million barrels per dtiy of petroleum equ_ds 2.117 quadrillion Btu per year.
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Table 2.4
Distn'bution of Energy Consumption by Source, 1980 and 1990

(percentage)

Residential and Electric

Transportation Commercial Industrial Utilities
Energy source 1980 1990, 1980 1990 1980 1990 1980 1990

Petroleum 96.5 97.1 11.8 8.6 31.1 28.1 10.7 4.2

Natural gas' 3.3 2.7 29.4 24.9 27.4 28.7 15.5 9.7
Coal 0.0 0.0 0.6 0.5 10.2 9.1 49.5 54.6

Hydroelectric 0.0 0.0 0.0 0.0 0.1 0.1 12.6 9.8
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 11.2 20.9

Electricity _ 0.2 0.2 58.2 66.0 31.2 34.0 0.0 0.0
Other _ 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.7

100.0 100.0 100.0 100.0 1130.0 100.0 100.0 100.0

Souro_:

U.S. Department of Energy, Energy Information Administration, Monthly Energy_Review,
M..._areh1991, Washington, DC, pp. 27, 29, 31, 33.

Figure 2.5. Distn'bution of Energy Consumption by Sector, 1989

ORNL-DWG 02-5473
100 ............

• i i

' _ Natural gas[
80 . Electricity i
70 I

• iii |

' ii! ::!i:i:

• i'ii.7 \ \
! ......... NN

40 iil}iii!ii{ ,, \tL
• iii::i}i::ii ', ",

;:::.::;:.:
30 _iiii:iiii! \ \

X\

, ......}i_!!!i}iil N \
.:.:.:.;.:.:

20 ?!i!!i!iiii \ \
::::;:::::::

, _iTi:!!!ii! \ \

10 !:!:;:i:!:i:
i::iiiiiiii_! g2v:a " "

o ",_ ......
TransportationResidentialand Industrial ElectricUtilities

commercial

Source: SeeTable 2.4. End-use sector

alncludes supplemental gaseous fuels. Transportation sector includes pipeline fuel only.
blncludes electrical system energy lossm.
_Energy generated from geothermal, wood, waste, wind, photovoltaic, and solar thermal energy

sources.
=
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111I I I I I Illllll II III IIIII I IIll III_ IIIll II I Ill l njIFrom 1973 to 1990 electricity generation has depended less on natural gas, petroleum, and hydro-
electric power and has depended more on coal, nuclear generated electric power, and other sources.
Coal continued to be the predominant source for electricitygeneration - 55% in 1990.

IIII IJ I J IIIJ IIII III II II I IlJll I III

Table 2.5

_ric u ty EnergyInput by Source, 1973-90
(quadrillion Btu)

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 21.5'7
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 0.11 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 3.04 4.91 0.24 27.56
1988 15.85 2.71 1.56 Z61 5.66 0.24 ._.63
1989 15.99 2.88 1.69 2.85 5,68 0.22 29.30
1990 16.16 2.87 1.25 2.91 6.19 0.20 29.58

Average annual percentage change

1973-90 3,7% -1.6% -5.9% -0.1% 11.9% 8.5% 2.4%
1982-90 3,2% -1.9% -2.8% -2.4% 8.9% 7.8% 2.5%

Soume:

U.S. Department of Energy, Energy Information Administration, Monthly Ener_ Review, March
199_._!1,p. 33.

'Other consists of electricity generated for distribution from wood, waste, geothermal, wind,
photovoltaic, and solar thermal energy.
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i

Total energy use continued to increase in 1990, despite the small decline in energy use in the
transportation sector and the residential and commercial sector. The transportation sector continued
to account for over 27% of total energy use in 1990,

....... I I I I I I IIIIII II I I I

Table 2.6

Consumption of Total Energy by End-Use Sector, 1970-90'
(quadrillion Btu)

Percentage Residential

transportation and
Year Transportation of total Commercial Industrial Total

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
1973 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 19.87 26.8% 26.50 27.73 74.10
1985 20.10 27.2% 26.73 27.12 73.95
1986 20.76 28.0 % 26.83 26.65 74.24

1987 21.36 27.8% 27,62 27.87 76.85
1988 22.19 27.7% 29.(X) 29.01 80.20
1989 22.38 27.5% 29.50 29.46 81.35
1990 22.05 27.1% 29.22 30.17 81,45

Average annual percentage change

1970-90 1.6% 1.5% 0.3% 1.0%

1982-90 1.8% 1.7% 1.8% 1.8%

Sotltlree:

U.S. Department of Energy, Energy lnh)rmation Administration, Monthly E_.nerg,y Review,
March 1991, 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 and Fuel Type, 1989

(trillion Btu)

Diesel Liquefied Residual Natural
Gasoline fuel petroleum gas Jet fuel fuel oll gas Electricity

ItlGHWAY _ 13,628.4 3194.0 7.6
Autoazob/lea 8,933.1 120.4

Bmma 62.6 100.I
Transit 0,3 77,0
Intcrclty 23,1
School 62,3

"lYtw.ka . 4,606.6 2,973.5 7.6
Light trucksb 3,992.9 151,4 3,0
Other trucks 613,7 2,822,1 4,6

OF_-IIlGHWAY _ (heavy..duty)° 95.1 570.1
31.4 178.5

Farming 6.3.7 391.6

NONHIG! IWAYa 280.5 779.6 1,940.1 809.9 649.6 308.4
Air 41.2d 1,940.1

General avlatlon e 41,2 92,8
Domestic air carriers 1,607.2
International air carriers 240,1t

Water 239.3 326.8 809.9
Freight 326,8 809,9

Domestic trade 253,3 75,3
Foreign trade 73,5 734,6

Recreational Ix)ats 239,3
Pipellae 649.6 245.7

Natural gas 649,6 33,6
Crude petroleumg 91.0

Petroleum [_r(x:luctP, 67,4
Coal slurt7 3,7
Water h 50,0

Rail 452.8 62.7
Freight I 432.9
Pagscnger 19,9 62.7

Transit 42,6
Commuter raft 7,6 14,8
lntercity 12,3 5,3

MII.ITARY OPItJ_TIONS I 22."/k 191.2 555.2 46.9

TOTAL I 14,026.7 4,734.9 7.6 2,495.3 856.8 649.6 308.4

Sourtar. See Appendix A for Table 2,7,

"Civilian consumption only; military consumption shown separately,
bTwo-axlc, four-tire trucks,
e1985 data,
dAviation gasoline,
CAllaircraft in the U.S, civil air fleet except tho_ 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 taxic._,commuter air carriers, and
air travel clulrs,

tThis figure represents an estimate of the energy purchased in the U,S, for international air carrier consumption,
g1981 data,
h1977 data,
Ilncludc.'sCla_ 1, 2, and 3 railroads,
JBased on fuel purchases in 1989,
klncludes aviation gasoline and motor gagfline,
ITotals may not include ali lX)gsibleuses of fuels for transtx_rtatlon (e,g,, snowmobiles),
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Table 2.8

Distribution of Domestic Consumption of Transportation Energy by Mode and Fuel Tylm, 1989
(percentage)

Diesel Liquefied Residual Natural
Gasoline fuel petroleum gas Jet fuel fuel oll gas Electricity

HIGI-IWAYs 97.2 67.4 100.0
Aa_ 63.7 2.5

0.2
Bma 0.5 Z1

Transit b 1,6
Interclty 0,5
School 0,5

.32.8 62.8 100.0
Lighttrucks° 28,5 3.2 39,5
Other trucks 4.3 59,6 60,5

OFF-ItlG! IWAYe (heavy-duty)d 0.7 12.0
Cmm_ctlm 0.2 3,7
F.nn_ 0.5 8_

NONHIGIFWAY m 2.0 16.5 77.8 94.5 I00.0 I00.0
Air 0..._' '/'7.8

General aviationf 0.3 3,7
Domestic air carriers 64.4
International air carriers 9,6s

Water 1.7 6.9 94.5
Freight 6,9 94,5

Domestic trade 5,4 8,8
Foreign trade 1.6 85,7

Recreational boats 1,7

P|i_cUae 100.0 79.7
Natural gas 100,0 10,9
Crude petroleum h 29.5
Petroleum product h 21.9
Coal slurry_ 1,2
WaterJ 16,2

Rall 9.6 20.3
FreightJ 9,1
Passenger 0,5 20,3

Transit 13.8
Commuter rail 0,2 4,8
Interclty 0,3 1,7

MII.rFARY OPF.RA'I]ONSt 0.2 4.0 222 5.5

TO'FALI (by fuel type) 60.8 20.5 b 10.8 3.7 2.8 1.3

Source: SeeAppendix A for Table 2,7,

*'Civilianconsumptiononly; militaryconsumptionshownseparately,
bless than0,05percent.
CTwo-axle,four.tire trucks,
d1985data,
eAviatlongasoline,

tAll aircraftin the U.S. civilair fleet exceptthoseoperatedunderFAR parts121 and 127(l.e,,air carrierslargerthan30 seats and/ora
payloadcapacityof morethan7,500pounds), Generalaviationincludesair taxies,commuterair carriers,and air travelclubs.

_l'hi, figurerepresentsanestimateof theenergypurchasedin theU,S, for internationalair carrierconsumption.
h1981data.
11977data.
JlucludesClass 1,2, and 3 railroads.
kissed on fuel purchasedin 1989.
ITotalamaynot include_.11possibleusesof fuelsfortransportation(e,g., snowmobiles),
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Figure2.7. Distributionof Transix)rtationEnergyUse by Fuel Type, 1989

ORNL-DWG92-5475

Gasoline 60,8%

..... ,v,',v,......... Eleotrtoity 1,3%

Natural gas 2.8%

Residual 3,7%

Jet Fuel 10,8%

Distillate 20,5%
Source: See Table 2.8,

Figure2.8. Distribution of Transl_)rtationEnergyUse by Mode, 1989

ORNL-DWG92-5470

Auto & motorcycle 39.3%

Bus 0.7%

Military 3,5%

Rail 2,2%

Truck 32,9% Pipeline 3,9%
' '''.'.' '',' .
...........

. ........... Water 6,0%

Air 8,6%
Off-highway 2.9%

Source:SeeTable2,9,
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Table2.9
TransportationEnergyUse by Mode, 1989

Thousand barrels per day Percentage
Trillion Btu crude oll equivalenta of total

HIGHWAYb 16,,lD0.0 7#49.9 72.9
Au_ 9,0a3_ 4,276.6 39.2
u_ 26.1 t2_ o,t
Bu_ 162.7 76.9 0.7

Tratmlt 77,3 36,5 0,3
Interelty 23,1 10,9 0,1
School 62.3 29,4 0,3

'lYu¢l_ 7_.._'7,7 3_84,2 32,9
Light truc_* 4,147,3 1,959,0 18,0
Other trucks 3,440,4 1,625,1 14,9

OFF-! li!G!I_AY _ (heavy.duty) d 665.2 314.2 Z9
Comtntaim 209.9 99.1 0.9
Farming 455.3 215,1 2.0

NONHIGI IWAYb 4,768.1 2,252.3 20,7
Air 1,981.3 935,9 8.6

Oenend avlatlon e 134,0 63,3 0,6
Domestic air carders 1,607,2 759,2 %0
International air carder,s 240,1t 113,4 1,0

Water 1,376.0 650.0 6.0
Freight 1,136,7 536,9 4,9

Domestic trade 328,6 155,2 1,4
Foreign trade 808.1 381,7 3,5

Recreational tx_ats 239,3 113,0 1,0
Pipeline 895.3 422.9 3.9

Natural gas (_13,2 322,7 3,0
Crude petroleum_ 91,0 43,0 0,4
Petroleum produ/:ts 67,4 31,8 0,3
C_al slurryn 3,7 1,7 0,0
Warerh 50,0 2,.3,6 0,2

Rail 515.5 243.5 2.2
Freight I 432,9 204,5 1,9
Passenger 82,6 39,0 0,4

Transit 42,6 20,1 0,2
Commuter rail 22,4 10,6 0,1
Interclty 17,6 8,3 0,1

MII.rI'ARY OPI_RA'I'IONSJ 816.0 385.5 3.5

"I'OTA! ,ta ,.23_079.3 10ago1,9 100.0

,tkmroe:

See Appendix A for Table 2.7,

a'l'housandbarrelsperdaycrudeoil equivalentsbasedon Btucontent of a barrelof crudeo11,
bCivilianconsumptiononly; mllltaryconsumptionshownseparately,
°l'wo-axle, four-firetrucks.
01985data.

©Aliaircraft in the U,S,civilair fleet except th_w,eolmratedunder FAR para 121and 127 (l.e,, air carders larger than .aO_,ats and/or a
payload capacityof more than7,50(II_,unds), General aviation Includesatr tames,cx'_,mmuterair carriers,and air travelclubs.

r'l'hlsfigure representsan estimateof the energypurchasedin the U,S,for international air carrier consumption,$1981data.
h1977data.
Ilncludesf'iasa 1,2, and 3 railroads,
JBasedon fuel purchasedIn 1989,
k'l'otalsmay not includeali I_._,,tbleusesof fuels for transl_._rtalion(e,g., snowmobiles),
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ii IIIIIIII I _ ]11 I III I' I Illll -IIThe special fuels share of highway fuel use increased to 16% in 1989, Highway use of special fuels
has been growing at an average annual rate of $,2% since 1982, while gasoline consumption on

highways has grown on_ 1, 7% annually,
I I III I III

Table 2.11

Highway Usag_ of Gasoline and Special Fuels, 1973-89
(million gallons)

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

Average annual percentage change

1973-89 0.6% 4.9% 1.1%
1982-89 1.7% 5.2% 2.2%

Source:

U.S. Department of Transportation, Federal Highway Administration, Highway
Statistics 1989, Washington, DC, 1990, 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 Ilquified petroleum gas.
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Section 2.2. Energy Efficiency and Intensity



2-21

_lonJ:_l_UOSJed

1
JelJJ8O J!e e],noJ pe;eOl;l_JeO

, ,,,,, ii,

ellqOwolnv

snq :].lSUBJ.L

lleJ :].IsusJ.L

r_ lleJ Je},nwwoo

l lleJ/_loJe3,ul

(4

eloNoJo},o_

8nq
/qloJe:_u

0 0 0 0 0 0 0 0
0 0 0 0 00 0

0 0 0 0 0 0 0

el!w-Je6uessed Jed n),.8



EN-7
2-22



FRT-1
2-23



2-24



2-25 EN-8

II II III II I I II IIIII I I II ,

AII freight modes experienced energy efficiency improvements from 1970 to 1989. Domestic

!

waterborne commerce, however, reversed this trend from 1982 to 1989 with a 1.6% decline in energy

efficiency. Other trucks also declined slightly in energy efficiency from 1982 to 1989.

I II I I I _ I __ I I I I III

Table 2.15

Energy Intensifies of Freight Modes, 1970.89

,,,,, ,,, , ,,, , , ,,, I

, Trucks Domestic

Class I freight railroad waterborne
Year Light truck" Other trucks Total trucks commerce

(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 I2,099 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 tY)3 18 802 637 .'*,83
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 _ 1
1989 9.081 23,128 12,532 16,52..5 427 403

Average tmnual percentage ctumge

1970-89 - 1.7% -0.2% -1.4% ..0.1% -2.2% -1.6%
1982-89 - 1.0% 0.2% -0.6% - 1.4% -3.5% 1.6%

Sourly:

Appendix A for "Fable 2.15.

"lwo-axle, four-tire trucks.
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On average, the price dfa barrel of crude oil increased by $4,27from 1989 to 1_0, Consequently,

this increase affected till of the gasoline end users, whopaid an average 14,3¢ moreper gallon (SAO0per barrel)for unleaded gasoline and 15,I ¢ more per gallon ($6,34 per barrel) for leaded gasoline
1990 (current dollars),

III I ___ I .... II I III II II I I III I III

Table 2.18
Prices for a 'Barrelof Crude Oil and a G',dlon _fGasoline, 1976-90

Crude dIP Leaded Gasoline b Unleaded Regular Ga,,a)llneb
(dollars per barrel) (dollars per gallon) (dollars per gallon)

Current _)nstant -Current Constani Current Constant
Year 1990_ 199ff' 199(Y'

1976 10.89 25.00 0,590 1.354 (!.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 28.9x) 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 I).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 22.24 22.24 1.149 1.149 1.164 1.164

A verage annual percentage change

1976-90 5.2% -0.8% 4.9% -1.2% 4.7% -1.3%
1982-90 -4.4% -8.0% -0.8% .4.5% -1.3% -5.0%

Sources:

Crude Oil - U.S. Department of Energy, Energy Information Administration, Monthly Ener_
Review, March 1991, Washington, DC, Table 9.1, p. 99.

Gasoline - U.S. Department of Energy, Energ3, Information Administration Monthly Ener_
Review, March 1_)1, Washington, DC, Table 9.4, p. 102.

"Refiner acquisition cost of composite (domestic and import) crude ()ii.
_l'hese prices were collected from a sample of sea, ice 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.
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Transportation's share of the Gross National Product (GNP) fell below 18% for the first time in

I

1989 and continued to decline in 1990, GNP has been growing at an average rate of 3,5% from
1982 to 1990, while transportation outlays have grown an average of 2.4% annually,

I I Illl II I III

Tablo 2.19
Oro_ National Product (GNP) as Related to Transportation, 1970-90

Total transportation
Gross National Product outlays Transportation

(billion dollars) (billion dollars) outlays
Constant" Constant as a percent

Year Current 1990_ Current 1990b of GNP

1970 1,015,5 3,031,3 198.3 591,9 19,5%
1971 1,102,7 3,127,8 225.6 639,9 20.5%
1972 1,212,8 3,304,5 246,4 671,4 20,3%
1973 1,359.3 3,499,9 271.0 697,8 20.0%
1974 1,472.8 3,490,0 287,3 680,8 19.5%
1975 1,598.4 3,463.9 303.7 658.2 19,0%
1976 1,782.8 3,671.3 356.8 734,8 20.0%
1977 1,990.5 3 871.3 407.2 792.0 20,5%
1978 2,249.7 4 076.6 460,2 833.9 20,5%
1979 2,508.2 4 182,2 510.7 851,6 20,4%
1.980 2,732,0 4 167.4 551.5 841.3 20.2%
1981 3,052,6 4 259.0 602.0 839,9 19,7%
1982 3 166.0 4 163.3 600.6 789.8 19.0%
1983 3 405.7 4 308,3 653.3 826.4 19,2%
1984 3 772.2 4 573,5 725,8 880,0 19.2%
1985 4 010.3 4 730.4 764.4 901.7 19.1%
1986 4 235.0 4861,8 782.6 898.4 18.5%
1987 4 515,6 5053.2 816.7 913,9 18.1%
1988 4 873.7 5,268,1 880.9 952.2 18.1%
1989 5 200.8 5,416,5 922,6 960.9 17.7%
1990 5465.1 5,465.1 957.9 957,9 17.5%

Average annual percentage change

1970..90 8.8% 3.0% 8,2% 2,4%
1982-90 7.1% 3.5% 6,0% 2.4%

Sources:
1970-1986 data - U.S. Department of Commerce, Bureau of Census, Statistical Abstract of the

United States 1988, p.410.
1987-1990 data - U.S. Department of Cx_mmerce, Bureau of Economic Analysis, Survey of Current

Business, July, 1991, and annual.

'Adjusted by the implicit GNP price deflator.
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ITransportation personal consumption expenditures (PCE) remained constant from 1989 to 1990
using 19<)0constant dollars, Total PCE, however, continued to grow in this period, causing the
transportation sector's share of PCE to drop to 12.1% in 1990.

_ --II _ --- I IIII -- _ --- II i I II I

Table 2.20

Personal Consumption Expend!!ur_ (yCE) as..Related to Tran.s.l_matlon, 1970-90

Transportation
Personal Personal

Consumption Expenditures Consumption Expenditures a Transportation
-_ _ (billion dollars) .... __ (billion dollars) PCE

Constant - Constant as a percent of
Year Current 1990b Current 199(P total PCE

1970 640.0 1910.4 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 11610 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 2,43(1.5 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,(X)9,4 3,367.7 379.7 424,9 12,6%
1988 3,238.2 3,500.3 407.5 440,5 12.6%
1989 3,450.1 3,593.2 425.7 443.4 12.3%
1990 3,657.3 3,657.3 443.4 443.4 12.1%

Average annual percentage change

1970-90 9,1% 3.3% 8,8% 3,0%
1982-90 7,5% 3,9% 6.5% 2.9%

Sourt_:
1970-1986 data - U.S. Department of Commerce, Bureau of Census, Statistical Abstract of the

Unit_l States 1988, p.412
1987-1990 data - U.S. Department of Commerce, Bureau of Economic Analysis, Surv .of Current

Business., July 1990, p. 20, and annual.

"Transportation Personal C_msumption 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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The Consumer Price Index (CPI) for transportation has more than trifled 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 paidfor a new automobUe 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. The Used Car CP1
declined from 1989 to 1990, lt is the first decline in Used Car CPI since 198t_

....... II I I IIIII I1' II --

Table 2.21
Statistical Indices as Related to Transportation, 1970.90

(1970-- 1.000)

Transportation New car Used car
Consumer , Consumer Consumer Consumer Gross National

Year Price Index Price Index" Price Index Price Index Product
,, J

1970 1,_X)0 1,000 1,1300 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 i,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

Sources:

Department of Commerce, Bureau of Economic Analysis, S__urve_of Current Bu_s!n,ess,
Washington, DC, May 1991, p, S-6, and annual,

Gross National Product - Indexed to 1970 from Table 2,19.

'Transportation Consumer Price Index includes new and used cars, gasoline, auto insurance rates,
tntraclty mass transit, intraclty bus fare, and airline fares,
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i' The average price of an import car in 1990 was $1,369 more than the averagefor a domestic car, i

Before 1982 tile average import price was less than that of the domestic car price, Since 1982_
however, the import prices have been rising at a annual rate of 3% (#I constant 1990 dollars),

_l III " _ -- -- II1'11 III I IIIIII illl III I - I I ._ ,n

'_ ,,_

Table 2.22

Average Price of a New Car, 1970-90

--

Domestic Import Total
Current Constant Current Constant Current Constant

Year dollars 1990 dollars' dollars 1990 dollars' dollars 1990 dollars'

1970 3,708 12 479 2,648 8,912 3,542 11,920
1971 3,919 12645 2,769 8,935 3,742 12,074
1972 4,034 12601 2,994 9,352 3,879 12,117
1973 4,181 12295 3,344 9,834 4,052 11,915
1974 4,524 11988 4,20{-) 11,146 4,440 11,766
1975 5,084 12344 4,384 10,645 4,950 12,019
1976 5,506 12 640 4,923 11,301 5,418 12,438

' 1977 5,985 12rX)6 5,072 10 938 5,814 12,538
1978 6,478 12976 5,934 11 886 6,379 12,778
1979 6,889 12403 6,704 12 070 6,847 12,327
1980 7,609 12067 7,482 11 886 7,574 12,012
1981 8,912 12805 8,896 12 782 8,910 12,802
1982 9,865 13356 9,957 13 480 9,890 13,390
1983 1(],559 13850 10,873 14 262 10,640 13,956
1984 11,172 14 [)56 12,354 15,543 11,450 14,405
1985 11,733 14253 12,875 15,640 12,022 14,6(kl
1986 12,526 14929 13,815 16,465 12,894 15,368
1987 13,239 15,223 14,(_)2 16,790 13,657 15,703
1988 14,029 15,498 15,537 17,164 14,468 15,983
1989 14,957 15,767 16,127 1%000 15,292 16,120
1990 15,641 15,641 17,010 17,010 16,012 16,012

Average annual percentage change

1970-':X] 7.5% 1.1% 9.7% 3.3% 7.8% 1,5%
1982-_) 5.9% 2.0% 6.9% 3.0% 6.2% 2.3%

,, _., - ,, ==,mim,

Souroo:

Motor Vehicle Manufacturer's Association, Motor Vchiclc Facts and Figures '9{.)_,Detroit, MI,
1990,p.40,

'Adjusted by the Consumer Price Inflation Index,
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CHAFFER 3

HIGHWAY MODE

This chapter pxesents data on highway transportation 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 77.9% of transportation energy use iv 1989. Of

the highway modes, automobiles a had the greatest share of energy use, 42% (Table 3.1).

The automobiles'were also responsible for the majority of vehicle miles traveled in 1989.

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

miles traveled, an average of 7.1% annually from 1970 to 1989 (Table 3.2).

Two separate figures for the number of automobiles and trucks in use are

published each year - one from the Federal Highway Administration and one from R.L.

Polk and Company. The differences in the estimates are presented in Table 3.4. The

average age of automobiles grew to 7.8 years in 1990, which narrowed the gap between

the automobiles and trucks to 0.2 years (Table 3.5).

Automobile sales continued to decline in 1990 to 9.3 million autos, the lowest sales

figure since 1983. Imports accounted for 25.8% of sales in 1990, which has declined 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 20.5 miles per gallon in 1989 (Table 3.12).

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

which help to raise the population fucl economy.

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 ot7the nation's economic surveys,

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

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

aMotorcycles are also included in this category.
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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

include those vehicle types. Theestimated 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 nonrevenue buses accounted for more than 80% of ali buses in

1989, 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 3.33).

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

manufacturers who fall short of meeting the standard. The fines collected for model year

1989 violations totaled $45,828,000 (Table 3.38). Since 1986 the Gas Guzzler tax has been

assessed on automobiles with a fuel economy raiing less than 22.5 miles per gallon. These

tax rates, which remained constant from 1986 to 1990, doubled in 1991 (Table 3.40).

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

trucks can be found in Section 3.6. These requirements were set by the Clean Air Act of

1990 (Tables 3.44 - 3.46). Because of the wide use of unleaded gasoline, the

transportation sector's share of lead emissions continued to decline from a high of 87.9%

in 1978 to 30.6% in 1989 (Table 3.47). The California Air Resources Board has declared

emission standards for California vehicles. 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 will be

phased into the fleet in 1997 (Table 3.49). Zero-emission vehicles must account for 10%

of the manufacturer's fleet in the year 2003.
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Section 3.1. Highway Vehicle Characteristics

Table 3.1

Highway Energy Use by Mode, 1970-8_

" ' 0 inionBtu)
Auto, anta ._ ." ./' /'. Light Other Total Transportation

Year motorcyel_ ' "13use,4 ' trucks trucks highway energy useb

1970 8,534 109 1,540 1,502 11,685 15,305
(55.8%) (0.7%) (10.1%) (9.8%) (76.3%)

1971 8,980 108 1,686 1,568 12,342 15,907
(56.5%) (0.7%) (10.6%) (9.9%) (77.6%)

1972 9,594 106 1,895 1,684 13,279 16,949
(56.6%) (0.6%) (11.2%) (9.9%) (78.3%)

1973 9.903 109 2,105 1,844 13,961 17,813
(55.6%) (0.6%) (11.8%) (10.4%) (78.4%)

1974 9,454 113 2,083 1,791 13,441 17,088
(55.3%) 0.7%) (12.2%) (10.5%) (78.7%)

1975 9,625 119 2,240 1,789 13,773 17,329
(55.5%) (0.7%) (12.9%) (10.3%) (79.5%)

1976 10,035 129 2,5_- 1,949 14,635 18,389
(54.6%) (0.7%) (13.7%) (10.6%) (79.6%)

1977 10,124 132 2,738 2,155 15,149 19,071
(53.1%) (0.7%) (14.4%) (11.3%) (79.4%)

1978 10,285 135 3,008 2,420 15,848 20,035
(51.3%) (0.7%) (15.0%) (12.1%) (79.1%)

1979 9,741 137 3,094 2,510 '15,482 20,101
(48.5%) (0.7%) (15.4%) (12.5%) (77.0%)

19180 9,063 139 2,951 2425 14,578 19,3 17
(46.9%) (0.7%) (15.3%) (12.6%) (75.5%)

1981 8,954 143 2,964 2,461 14,522 19,065
(47.0%) (0.8%) (15.5%0 (12.9%) (76.2%)

1982 8,839 146 2,982 2,430 14,397 18,589
(47.5%) (0.8%) (16.0%) (13.1%) (77.4%)

1983 8,784 145 3,196 2,5,)9 14,724 18,728
(46.9%) (0.8%) (17.1%) (13.9%) (78.6%)

1984 8,635 154 3,_5oo 2,836 15,125 19,310
(44.7%) (0.8%) (18.1%) (14.7%) (78.3%)

1985 8,695 161 3,630 2,924 15,411 19,659
(44.2%) (0.8%) (18.5%) (14.9%) (78.4%)

1986 8.940 154 3,785 3,007 15,886 20,229
(44.2%) (0.8%) (18.7%) (14.9%) (78.5%)

1987 8,888 157 4,032 3,137 16,214. 20,704

(42.9%) (0.8%) (19.5%) (15.2%) t: (78 3':i::,,)
1988 8,994 159 4,109 3,306 ! 16,._ 21,278

(42.3%) (0.8%) (19.3%) (15.5%) (77.9%)
1989 9,080 163 4,147 3,440 16,830 21,598

(42.0%) (0.8%) (19.2%) (15.9%) (77.9%)

Source:

See Appendix A for Table 2.10.

'Numbers in parentheses are percentages of transportation energy use.
bDoes not include off-highway and military transportation energy use.
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Two-axlefour tire trucks have doubled their share of vehicle miles traveled from 1970 (11%) to 1989

i

(22%). Automobiles and motorcycles were responsible/'or the majority of highway miles traveled in
1989 (71%). Buses were the only mode that has had a decline in vehicle miles since 1982.

I IIIlllI -- Illl II Illll II Illl I I --

Table 3.2
Highway Vehicle Miles Traveled by Mode, 1970-89

(million mile,)

Automobiles Two-axle, Other
and four.tire single-unit Combination

Year motorcycles Buses' 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 r 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 86,964 1_921,204

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

1989 1,495,899 5,685 456,699 53,190 95,567 2,107,040

A verage annual percentage change

1970-89 2.6% 1.2% 7.1% 3.6% 5.4% 3.4%

1982.89 3.5% -0.3% 5.9% 4.1% 5.3% 4.1%

Source:
U.S. Department of Transportation, Federal Highway Administration, Highway Statisti__ 1989,

Washington, DC, I_./90,Table VM-1, p.181, and annual.

q'he data do not correspond with vehicle miles oi' travel presented in the Bus section of this
chapter due to differing data sources.
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Both the Federal Highway Administration (fqlWA) and ILL. Polk and Comtumy report figures on the
automobile and truck population. "I"turtwo estimates, however, differ by as much as 18,1% for trucks, lhc
differences can be attributed to several factors,

(1) The FItWA data include ali vet_les which have been registered at any time'throughout the calendar
year. Therefore, the data include vehicles which were retired during the year and may double count
vehicles wtzich have been registered twice in different or the same states. 7he 1t. L. Polk data include
only those vehicles which are registered on July 1 of the given year.

(2) In many states mini.vans, station wagons on truck chassis, and utility vehicles (e.g., jeep.like vehicles)
are classified aspassenger cars and are included in the FItWA automobile data. 71_eR. h Polk data
inchute vans in the automobile count until 1970; since 1980 ali vans have been counted as trucks.

Table 3.4.

Automobiles and Trucks in Use, 1970-1990

Automobiles Trucks

Perc_tage-- Percentage
Years HIWA R.L. Polk Dlfference HtWA R.L. Polk Difference

1970 89,244 80 448 11.0 18797 17,688 6.3
1971 92,718 83 lM 11.5 19 871 18,462 7.6
1972 97,082 86 439 12.3 21 308 19,773 7.8
1973 101,985 89 805 13.6 23 244 21,412 8.6
1974 104,856 92 608 13.2 24 630 23,312 5.7
1975 106,704 95 241 12.0 2.5781 24,813 3.9
1976 110,189 97 818 12.6 27 876 26,560 5.0
1977 ; 112,288 99904 12.4 29 314 28,222 3.7
1978 116,573 102,957 13.2 31 336 30,565 2.5
1979 118,429 104,677 13.1 32,914 32,583 1.0
1980 121,601 104,564 16.3 33,667 35,268 .-4.5
i 981 123,098 105,839 16.3 34,644 36,069 -4.0
1982 123,902 106,867 15.9 35,382 36,987 -4.3
1983 126,444 108,961 16.0 .% 7Z'_ 3,143 -3.7
1984 1;)8,158 112,019 14.4 37 507 40,143 -6.6
1985 131,864 114,662 15.0 39 196 42,387 -7.5
1986 135,431 117,268 15.5 40 069 44,826 -10.6
1987 137,208 119,849 14.5 41 144 47,344 -13.1
1988 141,252 121,519 16.2 42529 50,221 -15.3
1989 143,026 122,758 16.5 43 (g)9 53,202 -18.0
1990 143,550 1Z'_,276 16.4 44 479 56,023 -20.6

Souteea:

FHWA - U.S. Department of Transportatkm, Federal t llghway Administration, Highway Statlsti_ 1989,
Washington, DC, 1990, "Fable VM-1, p.181, and annual.

R. I.. Polk - R. L. Polk and C.ompany, Detroit, Michigan. F'tJRTIII_.R RI_.PROI)UCI'ION PROlllllrllifl).
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The Fuel Economy Gap for Ali Automobiles and Light Trucks in Operation

Concerns about the difference I_twtmn on-road fuel economy and Environmental

Protection Agency (EPA) tested fuel 'economy have resulted in related data collection and analysis.

Research, conducted separately by the Department of Energy (DOE), EPA, Ford Motor Company,

Oeneral Motors Corporation and Mitsubitshi Motors Corporation, concluded that there is a

discrepancy between actual and tested fuel economy (termed "tlxegap"). The gap discovered in

past analyses ranged from seven to 20 percent for automobiles and 12 to 20 percent for light

trucks. These analyses were based on individual model yea_s from 1978 to 1984.

Gap estimates have been produced for the first time which apply to ali automobiles and

light trucks in operation. Light trucks include ali light utility vehicles (vans, four-wheel drives,

etc.) having a gross vehicle weight (GVW) of 8,500 pounds or less. The tested fuel economy data

used in this analysis were from the National Highway Safety Administration's (NHTSA) verified

EPA tested fuel economy data, measured in miles pcr gallon (mpg). These data were compared

against on-road fuel economy data acquired from (1) the Federal Highway Administration

(FHWA) Hi_hwavStatisti_ 1989, (2) the Department of Energy, Ener_ Information

Administration, 1988 Residential Transportation Energy_Consumption Survey (RTECS), and (3)

the Bureau of the C_nsus, 1987 Census of Transportation, Truck Inventory and Use Surve3!

(T/US). Tested fuel economy data were not available for light trucks prior to the year 1976;

therefore, these data were estimated based on available tested fuel economy data and prior on-

road fuel economy data. The following table presents the composite gap estimates for ali

automobiles and trucks in operation up to the listed year.

_ -- v,

Automobile Light truck
Years Sources _ gap gap_ _ _ _

Pre- 1974 to 1989 NHTSAff:IqWA .15.2%
Pre- 1974 to 1988 NHTSA/RTECS -16,1%
Pre-1976 to 1989 NHTSA/FHWA -28.3%
Prc-1976 to 1988 NHTSA/RTECS -20,9%
Pre-1978 to 1987 NHTSA/TIUS -21,8%

_ -- ,

The Gas Mileage Guide, published every year by DOE/EPA, and the mileage stickers on new

vehicles have fuel economy estimates that are 15% lower than tested mpg values, lt appears that

ali cars on the road have a gap that Is similar to the gap applied to new cars since 1984. Light

trucks appear to have a larger gap. See Appendix A fi_r methodology of gap estimates.
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IT he average age of automobiles increased to Z8 years in 1990,, the average age had remained steaa_/. i

at 7,6years since 1985, The average age gap between cars and trucks narrowed even further in 1990
to 0,2 years,

I Illllll II Illlll__ - Illl L I _ -- _ Illl Illll I

Table3.5

Average Age of Automobiles and Trucks in Use, 1970-1990

..... _ -- _ -- _ - ii, _ iiiii .i, ii, __ -- __ - j i, ._

Automobiles Trucks
Calendar

year Mean-- _M_dlan _ _ M-ean -- -- -- Medtan .....

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

Source:
R, L. Polk and Co,, Detroit, MI. FURTHER REPRODUCTION PROHIBITED.
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Table 3.6
Scrappage and Survival Rates for Automobiles,

Ali Trucks, and Light Trucks

Automobiles Ali Trucks Light Trucks
Vehicle (1978-89) (1978-89) (,!,,978-88)

Age Scrappage Survival Scrappage Survival Scrappage Survival
(Years) Rate Rate Rate Rate Rate Rate

0 0.000(_ 1.000(10 0.00000 1.00000 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 0.09122 0.44557 0.08571 0.45877
18 0.21140 0.12880 0.09253 0.40434 0.08655 0.41907
19 0.21353 0.10130 0.09343 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

Soutl3e_

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

Vehicle (1966-73) _ (1973-78) (1978-89)
Age Scrappage Survival Scrappage Survival Serappage Survival

(Years) Rate Rate Rate Rate Rate Rate

0 _'0.000(_ 1.000(_ 0.00(_ 1.00000 0.00000 1.0(K_
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

Source:

Miaou, Shaw-Pin, "Study of Vehicle Scrappage Rates," Oak Ridge National Laboratory,
Oak Ridge, TN, August 1990.
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Table 3.8.
Scrappage and SurvivalRates for Ali Trucks

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.O(K_ 0.00000 1.00000 0.00000 1.00000
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 0.10605 0.49726 0.10130 0.53548 0.08285 0.58944
15 0.11189 0.44162 0.10871 0.47727 0.08662 0.53838
16 0.11638 0.39023 0.11468 0.42254 0.08932 0.49029
17 0.11976 0.34349 O.11936 0.37210 0.09122 0.44557
18 0.12225 0.30150 0.12294 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 0.332t0
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

Source:

Miaou, Shaw-Pin, "Study of Vehicle Scrappage Rates," Oak Ridge National Laboratory,
Oak Ridge, TN, August 1990.
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Section 3.2. Automobiles
,,

Automobile sales continued to decline in 1990. Diesels have accounted for less than 1% of total
automobile sales since 1985.

Table 3.9

New Retail Automobile Sales in the United States, 1970-90

Calendar Domestic Import' Total Percentage Diesel Percentage
Year (thousands) import (thousands) diesel

1970 7,119 1,285 8,404 15.3 b b
1971 8,681 1,568 10,249 _ 15.3 6 0.06
1972 9,327 1,623 10,950 14.8 6 0.05
1973 9,676 1,763 11,439 15.4 6 0.06
1974 7,454 1,399 8,853 15.8 18 0.20
1975 7,053 1,571 8,624 18.2 27 0.31
1976 8,611 1,499 10,110 14.8 23 0.22
1977 9,109 2,074 11,183 18.5 37 0.34
1978 9,312 2,002 11,314 17.7 115 1.02
1979 8,341 2,332 10,673 21.8 271 2.54
1980 6,581 2,398 8,979 26.7 387 4.31
1981 6,209 2,327 8,536 27.3 521 6.10
1982 5,759 2,223 7,982 27.9 355 4.44
1983 6,795 2,387 9,182 26.0 192 2.09
1984 7,952 2,439 10,391 23.5 151 1.45
1985 8,205 2,838 11,043 2.5.7 91 0.82
1986 8,215 3,2.34_ 11,453 28.3 42 0.37
1987 7,081 3,197 10,278 31.1 17 0.16
1988 7,526 3,099 10,626 29.2 , 2 0 01
1989 7,073 2,82.5 9,898 28_5 13 0.13
1990 6,897 2,404 9,301 25.8 7 0.08

Average annual percentage change

1970-90 -0.2% 3.2% 0.5% -0.8%c
1982.90 2.3% 1.0% 1.9% -38.8%

1970.90 Domestic and import data - Motor Vehicle Manufacturers Association, Motor Vehicle Facts and
Figures, Detroit, MI, 1991, p. 15, and annual.

1970-90 Diesel data - H. A. Stark (ed), Ward's Communications, Inc., Ward's Automotive Yearbook,
Detroit, MI, 1991, p. 61, and annual.

aDoes not include import tourist deliveries.
bData are not available.

CAverage annual percentage change is for years 1971-90.
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Compared to 1970, the automobile population has shifted toward older automobiles in 1990. Fifty i
percent of the automobile population in 1970 was 4.9 years old Orolder while half of the automobile i
population in 1989 was 6.S years old or older. The percent of cars lO years old and older has more I
than doubled from 11.7% in 1970 to 30.7% in 1990. I

I
I I III I III

Table 3.10

Automobiles in Use by Age, 1970 and 1990

1970 1990

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

Under 1' 6,288 7.8 7.8 6,062 4.9 4.9
1 9,299 11,6 19.4 9,729 7.9 12.8
2 8,816 11.0 30.3 10,245 8.3 21.1
3 7,878 9.8 40.1 10,140 8.3 29.4
4 8,538 10.6 50.8 10,366 8.4 37.8
5 8,506 10.6 61.3 9,989 8.1 45.9
6 7,116 8.8 70.2 9,549 7.7 53.6
7 6,268 7.8 78.0 6,884 5.6 59.2
8 5,058 6.3 84.3 6,188 5.0 64.2
9 3,267 4.1 88.3 6,323 5.1 69.3

10 2,776 3.5 91.8 6,111 5.0 74.3
11 1,692 2.1 93.9 6,624 5.4 79,.7
12 799 1.0 94.9 5,791 4.7 84.4
13 996 1.2 96.1 4,569 3.7 88.1
14 794 1.0 97.1 2,981 2.4 90.5

15 and older 2,336 2.9 100.0 11,720 9.5 100.0

Subtotal 80,427 100.0 123,270 100.0

Age not given b 22 6
Total 80,449 123,276

Average age 5.55 7.78
Median age 4.93 6.54

Source:

R. L. Polk and Ck).,Detroit, MI. FURTHER REPRODUCTION PROHIBITED,

'Automobiles sold as of July 1 of each year.
bApproximately 22,000 automobiles in 1970 and 6,(X)0in 19_X)cx)uldnot be classified by age.
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Although 69% of ali automobiles in operation in 1990 were less than 10years old, those autos were
responsible for 78% of automobile travel.

Table 3.11
Automobiles in Operation

and Vehicle Travel by Age of Vehicle, 1990

Vehicle Number in operation Estimated vehicle travel

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

Under 1' 6,062 4.9 4.9 6.2 6.2
1 9,729 7.9 12.8 10.3 16.5
2 10,245 8.3 21.1 10.2 26.8
3 10,140 8.2 29.3 9.7 36.5
4 ' 10,366 8.4 37.8 9.5 46.0
5 9,989 8,1 45.9 8.4 54.4
6 9,549 7.7 53.6 8.2 62.5
7 6,884 5.6 59.2 5.5 68.0
8 6,188 5.0 64.2 5.1 73.1
9 6,323 5.1 69.3 4.5 77.5
10 6,111 5.0 74.3 4.4 81.9
11 6,624 5.4 79.7 4.4 86.3
12 5,791 4.7 84.4 3.6 89.9
13 4,569 3.7 88.1 2.7 92.6
14 2,981 2.4 90.5 1.7 94.3

15 and older _ 9 100.O 5.'7 100.0 "

Subtotal 123,270 100.0 100.0

Age not givenb 6
Total

Somc_:

Number of vehicles in operation by age - R. L. Polk and Company, Detroit, MI. FURTHER
RF,PRODUCTION PROHIBITED.

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 Energy Consumption Survey
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, 1990.
bApproximately 6,0(50automobile,s could not be classified by age.
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Automobile registrations rose 1.3% from 1988 to 1989, while automobile travel rose 3.9% in this
same period. Thefuel economy for the automobile population reached 20 miles per gallon in 1989;

the older autos are scrapped, they are replaced by newer fuel efficient autos which raises the
population fuel economy.

I II I I IIIII II

Table 3.12
Summ_ Statistics fo_ Passenger Cars, 1970-89

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

T

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 143,081 1,485,474 72,332 20.5

Average annual percentage change

1970-89 2.5% 2.6% 0.3% 2.2%
1982-89 2.1% 3.5% 0.5% 3.0%

Source:

Department of Transportation, Federal Highway Administration, Highway Statistics 1989,
Washington, DC, 1990, Table VM-I, p. 181, and annual.

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

bFuel economy for automobile population.
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lt is a common misconception that new vehicles are driven more miles than they are actually drivett
The data from the,Nationwide Personal Transportation Study (NPTS) is based on estimates bysurvey
respondents. The Residential Transportation Energy Consumption Survey (RTECS) data, which
represents actual odometer readings of automobiles, has little bias from respondent estimations and,
therefore, is the preferred data.

I J I Illllll I I I Illl

Table 3.13

Average Annual Miles Per Automobile by Automobile Age

Nationwide Personal Residential*Transportation

Vehicle age Transportation Study' .... Energy Consumption Surve_
(years) 1969 !977 1983 1990 1983 1985 1988

Under 1 17,500 11,800 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

Sources:

Nationwide Personal Transportation Study - 1%9-83: D. Klinger and J. Richard Kuzmyak,
COMSIS Corporation, Personal Travel in the United States, 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 Intbrmation Agency, Office of
Markets and End Use, Energy End Use Division, 1983, 1985, and 1988 Residential
Transportation Energy Cx)nsumption Survey, Public Us(; Tapes.

'Includes only auto vehicles (standard auto, station wagon, taxi, and van-bus/minibus) owned by
or available to the household o1,.a regular basis.

blncludes ali household vehicles - automobiles, station wagons, pick-up trucks, vans, and utility
vehicles.
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due to the declining use of conventional steel and iron and the increasing use of aluminum and
plastics. Conventional stee£ however, remained thepredominant component of automobiles in 1990
with a 43% share of total materials. ,

I I I III ,
,

Table 3.14

Average Material Consumption for a Domestk Automobile,
1978,d984 , and 1990

1978 1984 1990

Material Pounds Percentage Pounds Percentage Pounds Percentage
J !

Conventional steel 1,880.0 53.8 1,487.5 47.3 1,246.5 43.0
High-strength steel 127.5 3.6 214.0 6.8 233.0 8.0
Stainless steel 25.0 0., 29.9 0.9 31.5 1.1
Other steels 56.0 1.6 45.0 1.4 53.0 1.8
Iron 503.0 14.4 454.5 14.5 398.0 13.7
Aluminum 112.0 3.2 137.0 4.4 158.5 5.5
Rubber 141.5 4.1 133.5 4.2 128.0 4.4
Plastics/Composites 176.0 5.0 206.5 6.6 222.0 7.7
Glass 88.0 2.5 87.0 2.8 82.5 2.8
Copper 39.5 1.1 44.0 1.4 46.0 1.6
Zinc die castin_ 28.0 0.8 17.0 0.5 19.0 0.7
Power metal parts 16.0 0.5 18.5 0.6 23.0 0.8
Fluids & lubricants 189.0 5.4 180.0 5.7 167.0 5.8
Other materials 112.5 3.2 88.0 2.8 88.0 3.0

Total 3,494.0 100.0 3,141.5 100.0 2,896.0 100.0

Source:

H. A. Stark (ed), Ward's Communications, Inc., Wards Automotive Yearbook, Detroit, MI, 1991,
p. 44.
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Section 3.3. Trucks

Light trucks salesdeclined again in 1990 but continued to account for almost 94% of total truck sales. Also,
light trucks accounted for 32.8% of ali light.duty vehicle sales in 1990, an increase of 1% from 1989. The
import share of light truck sales reversed a decreasing trend growing to 13.2% in 199o.

] ] I ] ]

Table 3.16

Now Retail Sales of Light 'IYucks in the United States; 1970-90

, Percental_es
Light truck Import Diesel Four-wheel drive Light trucks Light trucks

Calendar sales' of total of tot_tl on domestic of light duty of total
Year (thousands) light truck light trU,ck light trucks vehicle salesb truck sales

1970 1,463 4.5 c d 14.8 80.4
1971 1,757 4.8 c d 14.6 83.4
1972 2,239 _ 6.4 '_ d 16.7 83.3
1973 r 2,745 8.5 C d 18.8 84.2
1.974 2,3.,'¢,8 7.5 c 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
1977 3,430 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 22.4 88.7
1980 2,440 19.7 3.2 20.7 19.8 88.9
1981 2,189 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
1985 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 17.9 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 e 31.8 93.3
1990 4,548 13.2 2.2_ 19.8° 32.8 93.9

Average annual pe_ventage change
1970-89 6.3%
1982-89 9.4%

ii.

Som'ue_

Four-wheel drive. 1970-88: H. A. Stark (cd.), Ward's Communications, Inc., Ward's Automotive Yearbook,
Detroit, MI, 1989, p. 168, and annual.
1989-90: H. A. Stark (ed.), Ward's Communications, Inc., Ward's Automotive ReIx_rts,Factory Installation
Report, Detroit, MI, August 20, 1990.

Ali other - Motor Vehicle Manufacturers Association, Motor Vehicle Facts and Figures '9.._!1.,Detroit, MI,
1991, pp. 11, 15, 19, and annual.

'Includes domestic, domestic-stx)nsored import, and imt'x_rttrucks of 10,000 tx_uncksgt'(_s vehicle weight and
less.

bLight-duty vehicles include cars and light trucks.
Clndicates less than 1 percent.
dData are not available.

eBased on factory installations.
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Although the average age of trucks has increased by only 0.65 years from 1970 to 1990, the
percentage of trucks ten years old or older has grown from 29,2% in 1970 to 36.1% in 1990.

Table 3.18
Trucks in Use by Age, 1970 and 1990

i

1970 1990
i iii

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

i , ii i ii

Under 1° 1,262 7.1 7.1 3,011 5.4 5.4
1 1,881 10.6 17.8 4,872 8.7 14.1
2 1,536 8.7 26.5 4,913 8.8 22.8
3 1,428 8.1 34.6 4,435 7.9 30.8
4 1,483 8.4 43.0 4,704 8.4 39.2
5 1,339 7.6 50.5 4,097 7.3 46.5
6 1,154 6.5 57.1 3,641 6.5 53.0
7 975 5.5 62.6 2,332 4.2 57.1
8 826 4.7 67.3 1,978 3.5 60.7
9 621 3.5 70.8 1,813 3.2 63.9
I0 658 3.7 74.5 1,722 3.1 67.0
11 583 3.3 77.8 3,020 5.4 72.4
12 383 2.2 80.0 2,675 4.8 77.1
13 417 2.4 82.3 2,255 4.0 81.2
14 414 2.3 84.7 1,687 3.0 84.2

15 andolder 2,710 15.3 I00.0 8,862 15.8 100.0

Subtotal 17,670 100.0 56,019 100.0

Age notgivenb 15 4

Total 17,685 56,023

Averageage 7.33 7.98
Medianage 5.93 6.54

Source:
R. L.PolkandCo.,Detroit,MI. FUR_ REPRODUCTION PROHIBITED.

_l'rucks sold as of July 1 of each year.
bApproximately 15,000 truces in 1970 _.nd 4,000 in 1990 could not be classified by age.
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Data from the 1987 TIUS (the most recent data available on national truck population

!

characteristics) were used to estimate 1990 truck travel patterns by vehicle age group. Trucks which
were 10 years old or older accounted for 36.1% of _he truck population but represented only 21.2%
of total truck travel in 1990.

I I Illill I II Iq Bill Iii iliil II Iii

Table 3.19
Trucks in Operation

and Vehicle Travel by Age of Vehicle, 1990

Vehicle Number in operation Estimated vehicle travel. Averageannual

age Vehicles Actual Cumulative Actual Cumulative miles per
(years) (thousanas) percentage percentage percentage percentage vehicle

Under 1' 3,011 5.4 5.4 6.7 6.7 14,900.:5
1 4,872 8.7 14.1 12.3 19.1 16,852.8
2 4,913 8.8 22.8 12.3 31.4 16,719.0
3 4,435 7.9 30.8 10.7 42.1 16,074.2
4 4,704 8.4 39.2 9.9 52.0 14,005.1
5 4,097 7.3 46.5 8.6 60.6 13,952.4
6 3,641 6.5 53.0 7.5 68,1 13,687.0
7 2,332 4.2 57.1 4.4 72.6 12,643.5
8 1,978 3.5 60.7 3.4 75.9 11,387.2
9 1,813 3.2 63.9 2.9 78.8 10,665.3

10 2022 ! ..___._1 100.0 21.......22 100.0 6,960,1
Subtotal 56,019 100.0 100.0

Age not givenb 4

Total 56,023

Sources:

Number of trucks tn operation by age - R. L. Polk and Company, Detroit, MI. FURTHER
REPRODUCTION PROHIBrIED.

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 for 1989. Average annual
miles per truck by age were generated by ORNL from the 1987 Truck Inventory 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, 1990,
bApproximately 4,000 vehicles could not be classified by age.
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TRUCK POPULATION

Tables 3.21-3.23 present the Federal Highway Administration's (FHWA) data on

the U.S. 'tru_._,population. The FHWA classtfies trucks into three categories: two-axle,

four-tire trucks; other single-unit trucks; and combination trucks. Other single-unit trucks

are single-unit trucks with more than two axles or more than four tires; combination trucks
i

are tractor-trailer combinations. Figure 3.13 compares 1989 registrations, fuel economy,

vehicle travel, and fuel use for each truck type. Observations from these graphs follow.

• Light trucks had the best fuel economy of ali truck types (13.8 mpg), but also

used the most fuel (33 billion gallons) in 1989. This was due to the large

population of light trucks (38 million trucks) and the amount of vehicle travel

(457 billion miles).

• Although registrations of combination trucks were less than half that of other

s:ngle-unit trucks (1.6 million and 4.1 million trucks, respectively), combination

trucks used twice as much fuel as other single-unit trucks (18 billion and

7 biUion gallons, respectively) because of the combination truck's higher vehicle

travel and lower fuel economy.

• Combination trucks accounted for only 3.6% of the truck population in 1989,

but almost 16% of ali truck miles.

• Other single-unit trucks, which accounted for 9.4% of the truck population,

had the lowest vehicle travel (8.8%) and least fuel use (12.2%) in 1989.
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Two-axle, four.tire truck averagefuel economy reached an all.time high of 13.8 mpg in 1989. These !trucks are being driven longer distances each year evidenced by a 3.9% increase in vehicle travel in
1989, while regis_ations increased by only 2.1%.

I ii ii I II

Table 3.21
Sumnuuy Statistics for _Axle) Four-Tire _ 1970-1989

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 137870 13,484 10.2
1972 16,428 156622 15,150 10.3
1973 18,083 176833 16,828 10.5
1974 19,335 182757 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
1.980 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 37,862 456 699 33,068 13.8

Average annual percentage change

1970-89 5.3% 7.1% 5.3% 1.7%
1982-89 3.5% 5.9% 4.8% 1.1%

Source:

U.S. Department of Transportation, Federal Highway Administration, Hizhwav Statistics 1989,
Washington, DC, 1990, Table VM-1, p. I81, and annual.
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The number of other single.unit trucks rose above 4 million in 1989for the first time since 1984.
Other single.unit truck travel has been increasing at a much faster rate than the number of trucks
from 1970 to 1989. The increase in travel resulted in increases in fuel use because of the relatively
constant kel economy over the time period.

i I I II

Table 3.22

Sumnuuy Statistics for Othea" Single-Unit ,l'm¢_ °, 1970.89

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 I,
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,.'K_8 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 53,190 7,415 7.2

Average annual percentage change

1970-89 0.6% 3.6% 3.3% 0.3%
1982-89 -0.7% 4.1% 3.9% 0.2%

Source:

Department of Transportation, Federal Highway Administration, Highway Statistics 1989,
Washington, DC, 1990, Table VM-1, p. 181, and annual.

*Other single-unit trucks are defined as ali single-unit trucks with more than two axles or more
four tires.
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Combination truck registrations in 1989 grew to 1.5 million trucks. Vehicle travel forover

combinations has grown at a higher annual rate than truck registrations from 1982 to 1989. With
fuel economy of combination trucks remaining relatively Stable from 1982 to 1989, increases in the
amount of travel primarily contributed to the increases in fuel use during this period.

III I I I I I

Table 3.23

Summary Statistics for Combination Trucks, 1970-1989

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,_)4 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 95,567 17,892 5.3

Average annual percentage change

1970-89 3.0% 5.4% 4.8% 0.5%
1982-89 3.3% 5.3% 5.1% 0.0%

Souree:

Department of Transportation, Federal Highway Administration, Highway Statistics 1989,
Washington, DC, 1990, Table VM-1, p. 181, and annual.

"The fuel 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 3.26.
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Table 3.24. Estimates of the Number of Trucks and Vehicle Miles of Travel (VMI')
for _ Greater than 10,0130Pounds and Operating in Inte_late Commerce, 1967.89

For-Hire Private Total

No. of No. of No. of
VMT trucks VMT per VMT trucks VMT per VMT trucks

Year (millions) (thous.) truck (millions) (thous.) truck (millions) (thous.)

1967 14,841.7 253.2 58,616.5 28,929.9 1,537.6 18,814.9 43'771.6 1,790.8
1968 15,577.4 262.4 59,365.1 30,364.0 1,593.3 19,057.3 45,941.4 1,855.7

1969 16,306.8 274.9 59,319.0 31,785.7 1,669.7 19,036.8 48,6'92.5 1,944.6
1970 16,610.9 279.7 59,388.3 32,378.5 1,698.4 19,064.1 48,989.4 1,978.1
1971 17,179.0 279.7 61,419.3 33,485.9 1,698.0 19,720.8 50,664.9 1,977.7

1972 18,344.6 287.9 63,718.6 35,757.8 1,748.3 20,452.9 54,102.4 2,036.2
1973 20,194.4 317.2 63,664.6 38,343.3 1,822,3 21,041.2 58,537.7 2,139.5
1974 19,961.1 344.0 58,026.5 36,918.2 1,870.6 19,736.0 56,879.3 2,214.6

1975 19,917.6 368.9 53,991.9 35,883.1 1,898.2 18,903.8 55,800.7 2,267.1
1976 20,788.7 410.7 50,617..7 36,481.9 1,999.8 18,242.8 57,270.6 2,410.5
1977 22,872.3 427.9 53,452.4 39,098.2 1,972.3 19,823.7 61,970.5 2,400.2
1978 24,892.1 441.5 56,380.7 44,497.7 2,245.0 19,820.8 69,389.8 2,686.5

1979 25,467.2 436.7 58,317.4 47,608.8 2,438.6 19,523.0 73,076.0 2,875.3
1980 25,116.5 423.7 59,278.9 49,101.2 2,622.2 18,725.2 74,217.7 3,045.9

1981 24,322.9 359.4 67,676.4 49,725.4 2,454.3 20,260.5 74,048.3 2,813.7
1982' 22,567.1 343.8 65,640.2 48,241.1 2,589.6 18,628.8 70,808.2 2,933.4
1983 23,611.6 354.4 66,624.2 50,474.1 2,669.4 18,908.4 74,085.7 3,023.8

1984 26,188.6 364.2 71,907.2 55,982.9 2,743.1 20,408.6 82,171.5 3,107.3
1985 26,944.4 381.3 70,664.6 57,598.7 2,872.1 20,054.6 84,543.1 3,253.4
1986 27,700.3 380.2 72,857.2 59,214.4 2,863.9 20,676.1 86,914.7 3,244.1
1987 29,223.8 385.7 75,768.4 62,471.3 2,904.8 21,506.2 91,695.1 3,290.5

1988t' 30,831.2 391.2 78,811.9 65,907.3 2,946.3 22,369.5 96,738.5 3,337.5
1989b 32,527.0 396.8 81,973.3 69,532.4 2,988.4 23,267.4 102,059.4 3,385.2

Average/mnual Percentage Change

1967-89 3.6% 2.1% 1.5% 4.1% 3.1% 1.0% 3.9% 2.9%
1975-89 3.6% 0.5% 3.0% 4.8% 3.3% 1.5% 4.4% 2.9%
1982-89 5.4% 2.1% 3.2% 5.4% 2.1% 3.2% 5.4% 2.1%

Soun3e:

Hu, Patricia S., Tommy Wright, Shaw-Pin Miaou, Stacy Davis, and Dennis Beal, Estimating
Commercial Truck VMT of Interstate Motor Carriers: Executive Summary, Oak Ridge National
Laboratory, Oak Ridge, TN, January 1989, p. 14.

'1982 Truck Inventory and Use Survey public use tape.
bA.ssuming the annual growth rate was identical to the one observed from 1986 to 1987.
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Basedon the1977,1982,and1987Truck Inventoryand UseSurveys(TIUS), almost45%of totaltruckgasoline
consumptionwas for personaluse in 197Y and 1982,and thispercentagerose to 58%.n 1987.

Table 3.25

Truck Gasoline and Diesel Consumption by Major Use, 1977, 1982, and 1987 TIUS"

Total gallon of gasoline Total gallons of diesel

Im!lili°nst, (milli°ns)
Major use 1977 1_.;182 1987 1977 1982 1987

Agricultural activity 3,097 2,665. 2,347 653 645 997
Construction 2,214 1,43_i 1,739 976 707 1,120
Contractor activity b 2,253 2,652 b 144 268
Daily rental 115 142 143 202 277 309
For hire 738 551 435 4,619 5,711 7,411
Forestry 248 549 219 461 293 456
Manufacturing 537 494 532 1,131 1,102 1,096
Mining 196 312 181 234 239 251
Other 248 292 1 84 13 1

Personal 10,436 10,919 18,314 3 73 323
Retail trade 1,540 1,335 1,506 546 512 578
Services 1,885 1,549 1,770 213 185 455
Utilities 587 597 462 40 42 86
Wholesale trade 1,865 1,326 1,085 1,380 1,145 1,284
Not in use 8 17 4 6 5 1

Total 23,714 24,432 31,390 10,548 11,093 14,636

Source:

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
Survey, Washington, DC, 1980; U.S. Department of Commerce, Bureau of the Census, 1982
Census of Transportation, Truck Inventor?/and Use Survey, Washington, DC, 1985; and U.S.
Department of Commerce, Bureau of the Census, 1987 Census of Transportation, Truck
Inventory and Use Survey, Washington, DC, 1990.

'Truck Inventory and Use Survey.
bData are not included in the 1977 TIUS.



TRK-10
3-46

"l_ble 3.26

Tnmk Fuel Economy by SL¢_Class, 1977, 1982, and 1987
(miles per gallon)

1977 1982 1987
Size Class Weight TIUS' TIUS ° TIUSa

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 8.1 8.1
Class 4 14,001-16,000 pounds 6.9 _ 7.5 7.5
Class 5 16_00_.19,500 pounds 7.6 7,2 7.1
Class 6 19,501.2_i,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

Source:

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, Truc__kInventory and Use
Surv_, Washington, DC, 1980; U.S. Department of Commerce, Bureau of the C_zasus,1982
Census of Transportation, Truck Inventory and Use Survey, Washington, DC, 1985; and U.S.
Department of Commerce, Bureau of the Census, 1987 Census of TrarLsportation, Truck
Inventory and Use Survey, Washington, DC, 1990,

'Ihble 3.27

Percentage of Trucks by Size Class, 1977, 1982, and 1987
(percentage)

1977 1982 1987
Size Class Weight TIUS' TIUS a 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

Source:

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

_l'ruck Inventory and Use Survey.
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Section 3.4. Buses

School and other nonrevenue buses conttruted to account for more than 80% of total buses in 1989, The total
number of buses increased by 1.5% in 1989, mainly due to the increases in the number of school buses and
"other"buses.

Table 3.29

BusesinOperationbyType,197089
TranslP School and

Motor Trolley Interclty other
Year bus coach* bus nonrevenue ° Other d 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.,015 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 19,730 447,048
1975 50,811 703 20,500 368,300 21,8_t2 462,156
1976 52,382 685 20,1O0 _1,498 23,674 478,339
1977 51,968 645 20,300 393,810 24,038 490,761
1978 52,866 593 20,2.50 398,804 32,841 505,354
1979 54,490 725 20,680 415,117 35,753 526.765
1980 59,411 8Z'_ 21,400 418,2.55 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 62,1Y)3 686 23 500 470,727 25,878 582,884
1984 63,497 664 25 000 471,461 23,049 5'33,671
1985 57,285 676 20 200 480,400 34,924 593,485
1986 61,586 680 20 300 479,076 35,672 593,728
1987 61,000 671 20.1O0 486,753 36,544 602,055
1988 60,388 710 19 887 498,907 35,777 615,669
1989 60,2`50 72.5 20,043 507,628 36,394 62.5,040

Average annual percentage change

1970..89 1.0% -1.9% ..0.5% 3.0% 4.4% 2.7%
1982.-89 -0.4% -0.7% -1,3% 2.0% 1,8% 1.6%

Sources:
Transit buses. American Public Transit Association, 1990 Transit Fact Book, Washington, DC, September 1990,

p. 10, at d annual.
Intereity buses. 1970..84: American Bus Association, 1984 Annual Reoort, Washington, DC, and annual.

1985-88: U.S. Department of Transportation, Transportation Systems Center, National Transportation
Statlst!c'4.,Cambridge, MA, August 1990, Figure 5, p. 8, and annual.
1989: F..stlmated as 38% of commercial buses (less transit motor buses). Commercial bus total found in
Hh_hwavStatistics 1989, Table MV-10.

Other buses - Derived by subtracting Transit, Interclty, and School buses from Total buses.
School buses and Total buses - U.S. Department of Transportation, Federal Highway Administration,

Statistics 1989, Washington, DC, 1990, Table MV.10, p. 20, and annual.

"Series not continuous between 1983 and 1984 because of a change in data source by the American Public
Transtt Association (APTA). Beginning In 1984, data provided by APTA are taken from mandatory reports filed
with the Urban Mas.sTransit Administration (UMTA). l)ata for prior years were provided on a voluntary basis

APTA members and expanded statistically.
_i±rolleycoach - a rubber fired transit vehicle that usually draws Its power from overhead wires.
°lnclude.qsome Industrial and other private buses.
dlncludes government buses, prlwite buses, and other miscellaneous buses.
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Although school buses comprise 81% of the bus vehiclestock, on_. 56% of bus vehicle travel was attributed to
school buses in 1989. Intercity buses, which were 3.2% of vet_le stock in 1989, accounted for 15% of bus
travel

Table 3230
Passenger and Vehicle Travel by Bus Type, 19711-89
Passenger travel Vehicle travel

Year (million miles) (million mll_)
Transit bus" Interclty bus Transit bus" Interclty bus School bus

1970 18,120 2.5,300 1,409 1,209 2,100
1971 16,810 2.5,500 1,375. 1,202 2,212
1972 16,180 2.5,600 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 2.5,400 1 526 1,126 2,500
1976 18,890 2.5,i00 1 581 1,118 2,862
1977 19,730 2.5,700 1.62.'_ 1,102 2,950
1978 20,708 2.5,400 1 631 1,081 2,991
1979 21,393 27,200 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 3,098
1984 21,595 27,1O0 1 845 1,098 3,400
1985 21,161 2.%800 1 863 933 3,448
1986 21,528 2.3,700 1 897 1,021 3,70(I
1987 20,926 Z.'_,O00 2 076 991 3,900
1988 21,379 23,100 1 866 996 4,100
1989 20,833 24,000 2 113 1,034 4,000

Average annual percentage change

1970-89 0.7% -1.6% 2.2% -0.8% 3.9%
1982-89 0.6% -0.3% 3.4% -1.1% 3.4%

Sources:

Transit buses - 1970-89: American Public Transit 'Association, 1990Transit .F_)ctBook, Washington, DC, September
1990, pp. 55, 56, and annual.

lnterelty buses - 1970..84:American Bus Association, Annual Rerxm, Washington, DC, Annual.
1985-89: Eno Transportation Foundation, Transportation in America, Ninth edltton, Washington, DC, 1_)1,
p. 47.
1986-89 vehicle travel: Estimated using passenger travel and an average load factor of 23.2.

,School buses- 1970-84: U.S. Department of Translxmatlon, Federal lllghway Administration, l_tl_hwavStattstl_
1984, Washington, DC, "Fable VM.1, p. 175, and annual.
1985..87: U.S. Department of Transportation, Research and Special Programs Administration, National
q'ransportatlon StatistlcLs,1989, Figure 2, p. 7, and annual.
1988-89: National Safety Cx_uncll,.Accld.en!Facts, 1990 Edition, Chicago, II., p. 71, and annual.

"Transit bus statistics include motor bus only. Series not continuous between 1983 and 1984 because of a
change in data _urce by the American Public Transit Ass_x_iatlon(AI'TA). 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 statLstlcally.
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The averageintercltybus traveled47% more than the averagetransitbus in 1989and traveled5.5 timesmore
than the averageschool bus. Sch,_olbuses'travelmuch less in a year than the otherbus types.

Table 3.31
Average Annual Miles per Bus by Type, 1970-89

(maes)

Year Transit bus' Intereity 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 29,056 43,920 7,212
1985 32,522 46,188 7,177
1986 30,802 50,296 7,723
1987 31,590 49,304 8,012
1988 30,900 50,083 8,218
1989 35,071 51,589 7,880

Average annual percentage change

1970-89 1.1% 0,3% 0.4%
1982-89 3.9% -0.3% 1.9%

Source:

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 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 ft'ore 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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Transitbusesaccountedfor nearlyhalf of total busenergyusein 1989. 7he energyusedby transitbusespeaked
in 1989at 77.3trillionBtu, which is inpart due to the greatervehiclemilestraveledby transit busesin 1989.
School bus energyuse declinedslightlyin this timeperiod, as did school bus _hicle travel

[111 II IIII ,,, I I II

Table 3_32
Energy Consumption by Type of Bus, 197_89

(trillion Btu)

Year Transit bus" Intercity bus School bus

1970 44.8 26.6 37.5
1971 41.6 26.5 39.5
1972 39.7 26.0 40.0
1973 42.0 25.9 40.9
1974 45. I 26.3 41.6
1975 51.5 24.8 42.6
1976 54.7 25.0 48.8
1977 57.0 24.7 50.1
1978 59.7 24.2 50.9
1979 59.8 26.2 50.6
1980 61.3 29,3 47.5
1981 63.6 31.3 48.5
1982 64.7 30.9 49.9
1983 63.7 31.1 50.3
1984 69.2 33.8 50.7
1.985 72.4 31.5 57.0
1986 75.6 20.6 57.8
1987 74.3 21.6 60.9
1988 73.0 22.3 63.9
1989 77.3 23.1 62.3

Average annual percentage change

1970-89 2.9% -0.7% 2.7%
1982-89 2.6% -4.1% 3.2%

Source:
See Appendix A for Table 2.10.

"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 Associat!ion (APTA). Beginning
in 1984, data provided by Al'TA 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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Figure 3.1& Energy Consumption by Type of Bus, 1970 and 1989

ORNL-DWG92-5508

Transit 41,1%

intercity 24.4%
School 34.4%

1970
108.9 Trillion Btu

J

Transit 47,5%

Intercity 14,2%

School 38.3%

1989
162.7 Trillion Btu

Source: See Table 3.32.
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The school bus has been the most energy efficient bus operation, on a per vehicle-mile basis, since 1970. Transit

I

buses continued to be the least energy efficient buses on a per vehicle.mile and per passenger.mile basis.
However, transit bus energy intensitydropped below 37,000 Btu per vehicle.mile in 1989for the first time since
1980.

I I

Table 3.33

Historical Energy Intensities by Type of Bus, 1970-88

Btu per passenger-mile Btu per vehicle-mile
Year

Transit busa Intercity bus Transit bus" Intercity bus School bus

1970 2,472 1,051 31,796 22,002 17,857
1971 2,475 1,039 30,255 22,047 17,857
1972 2,454 1,O16 30,352 21,997 16,956
1973 2,597 981 .30,657 21,986 16,957
1974 2,518 949 31,516 22,008 16,980
1975 2,814 976 33,748 22,025 17,040
1976 2,896 996 34,598 22,.'Ri1 17,051
1977 2,889 961 35,120 22,414 16,983
1978 2,883 953 36,603 22,.t87 17,018
1979 2,795 963 36,597 23,145 16,980
1980 2,813 1,069 36,553 25,215 16,379
1981 3,027 1,155 37,745 27,601 16,385
1982 3,237 1,149 38,766 27,713 16,296
1983 3,177 1,174 37,962 27,768 16,2.36
1984 3,204 1,247 37,507 30,783 14,912
1985 3,421 1,323 38,862 31,722 16,531
1986 3,512 869 39,873 20,176 15,622
1987 3,542 939 38,557 b 15,615
1988 3,415 965 39,121 b 15,585
1989 3,711 963 3,6,583 b 15,575

Average annual percentage change

1970..89 2.2% 4).5% 0.7% -0.5%c -0.7%
1982-89 2.0% -2.5% 4).8% -7.6%c -0.6%

Stmrt_.
Energy intensities by passenger-mile were calculated by dividing energy use (from Table 3.32) by passenger.miles

(from Table 3.30). Energy intensities by vehicle-mile were calculated by dividing energy use (from Table
3.32) by vehicle-miles (from Table 3.30).

"Transit bus statisti_ include motor bus only. Series not continuous between 1983 and 1984 because of a
change in data source by the American Public Transit As_)ciation (APTA). Beginning in 1984, data provided by
APTA are taken from mandatory reIx_rts filed with the Urban Mass Transit Administration (UMTA). Data for
prior years were provided on a voluntary basis by APTA members and expanded statistically.

bl)ata are not available.

CAverage annual percentage change is for years 1970-86 and 1982-86.
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Section 3.5. Fleets
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Table 3..36

Federal Government Vehicles by Agency, Fistml Year 1988

Trucks and Truck 'rmctota"
' 8,_500lt_. 8,501 to 24,000 Its,

Department or Agency ' Autem Buses or lessb 23,999 Ib_, or over Total

CIVIIAAN AGENCH_ 8_i,884 2,393 ' 96,866 13,884 4,977 205,004
Government Printing Office 6 0 59 0 0 65
Library of Congress 1 0 0 0 0 1
Department of the State 1,220 0 1,187 772 67 3,246
Department of tile Treasury 8,559 11 1,485 51 2 10,108
Department of Justice 14,888 138 4,440 479 92 20,037
Department of the Interior 1,663 111 8,499 2,753 1,674 14,700
Department ol 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 Services 90 9 276 91 55 521
Department of "I'ranslx_rtatlon 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 Boundry & Water Commission 0 0 7 10 23 40
Merit Systems Protection Board 0 0 1 0 0 1
National Aeronautics & SlxaceAdministration 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
OverseasPrivate Investment Coq_oratlon 1 0 0 0 0 1
Panama Canal Commission 186 13 524 79 45 847
Peace Corl_ 147 9 214 3 0 373
Railroad Retirement Board 1 0 0 0 0 1
Smlthr_mlan Institution 23 6 154 44 24 251
Tennessee VallcV A'uthorlty 1,513 4 1,303 733 159 3,712
United State Information Agency 455 12 323 29 0 819
I.J.S,Soldiers' and Ainuen's florae 12 6 2.5 6 10 59
Veterans Administration 198 81 49,1 180 60 1,103

UNrI'ED SI'A'I+].LSPOS'FAL SI!.RVICI_ 12,260 13 128,326 10,805 3,574 154,978

MIIXrARY AGFffqCllkS 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 .9<)7 2.3,728 2,707 2,204 33,260
Marine Corps 725 321 4,7_) 841 607 7,224
Air Force 6,327 2,574 43,(_)3 3,658 3,034 59,1_.M
Civil Works, Corpsof Engineers 721 21 4,412 982 204 6,340
Defense Agencies 3,248 20 742 58 18 4,086

T(FI'AI, 122,081 8,823 327,297 38,716 16,765 513,682

Source:
tJ,S. General Servicc."sAdmintstratkm, Federal Supply Set'vlcc, Federal Motor I,'leet !_,elx_rt,Washington, I)(:, September 1_._'0,

p, 27,

q_ased on grt_s vehicle weight rating (GVWI,',),
blncludt_ atnbulauces.
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Section 3,6, Federal Standards and Motor Vehicle Fuel Economy

- I J Illl I I li ' II I Illll IlllJ III I I II IJ I J

Except for the automobUe fuel economy in model year 1984, the sales.weighted fuel economies of
autonlobiles and light trucks have, on average, met the fuel economy standards set by the federal
government. This does not mean, however, that each manufacturer is meeting the standards each
year, Some manufacturers still fall short, while others exceed the standards,

- IJ Illl Iii II J iii I IIIlll III llll II III lP Iii

Table 3.37

Corporate Average, Fuel F__)nomy (CAb'_)
Standards versus Sales-Weighted Fuel Etxmomy Estimates

for Automobiles and Light "lYucks, 1978-91"
(mll pergallon)

Automobiles Light Trucks b

Mt_el CAFE CAFE Estimates ° CAFE CAFE Estimates °

Year Standards Domestic L lmt_ort Combined Standards Domestic Import Combined

1978 18,0 18.7 27.3 19,9 d _ , ,
1979 19,0 19.3 26.1 20,3 17,2 17,7 20,8 18.2
1980 20,0 22,6 29,6 24,3 d 16,8 24,3 18.5
1981 22.0 24.2 31.5 25.9 a 18,3 27,4 20.1
1982 24,0 25.0 3 I. 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 2_6.7 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

Sourec:

U,S. Department of Transportation, NHTSA, _Summary of Fuel Eta)nomy Performance,' Washington,
DC, September 1991.

'Only vehicles with at least 75 percent domestic content can be counted in the average fllel
economy for a manufacturer,

bRepresents two. and four-wheel drive trucks combined. Gross vehicle weight of 0-6,000 pounds
h)r model year 1979 and 0-8,5(X) pounds h)r subsequent years.

_AII CAFE calculations are sales-weighted.

dStandards were set for two-wheel drive and ft)ur-whecl drive light trucks separately, but no
combined .,;tandard was set tn this year.

"Data are not available.
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Table 3.38.
Corporate Average Fuel Economy (CAI_) Flnt_ C(fllected,

1083-90

Thousands

Model Current 1990 constant
year dollars dollars"
1983 58 76
1984 5,958 7,496
1985 15,565 18,908
1986 29,872 35,603
1987 30,981 35,623
1988 43,622 48,190
1989 45,828 48,309
1990 29,933 29,933

Source:

U.S, Department of'rransportatkm, National Highway
Traffic Safety Administration, Office of Vehicle
Safety Compliance, Washington, DC, August 1_)1.

Table 3.39

'Fax Retmlpts fl'om the Sale of Gas Guzzlers, ItYd/M_)

Thousands

Fiscal Current 1_X) constant
__ year dollars dollars"

1980 740 1,174
1981 780 1,121
1982 1,720 2i329
1983 4,020 5,273
1.984 8,82() 11,()97
1985 39,7_X) 48,336
198/) 147,6(_) 175,987
1987 145,(XX) 167,759
1988 116,78() 129,(X)8

' 1989 1()9,64() 115,575

Source:

Motor Vehicle Manufacture.rs Association, Motor Vehicle
Facts and Figures '91, Detroit, MI, 1_)1, p. 76.

"Adjusted using the Consumer l'ric_; lnfhttlcm Index.
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Environmental Protection Agency (EPA) fuel econon rating less than that stipulated in the table
below, The Gas Guzzler Tax doubled in 1991 after remaining constant ft'ore 1986 to 1990.

Hl
I II I I IIII I I I III III II II

Table 3.40
The Gas Gurzler Tax on New Cars, 1980-91

(dollars pcr vehicle)

Vehicle fuel

exonomy
(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 50(I 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 3_0 450 800 1050 2100
18.0-18,5 0 0 200 3:;0 600 800 1300 2600
17,5-18,0 0 0 2(KI 500 6(10 1000 130(I 2600
17,0-17.5 0 0 350 500 750 10(X) 1500 3000
16,5-17,0 0 200 350 650 750 1200 15(X) 3000
16,0-16.5 0 200 450 650 950 1200 1850 3700
15,5-16,0 0 350 450 8(X) 950 1500 1850 3700
15.0-15,5 0 350 6(X) 800 1150 1500 2250 4500
14,5-15,0 200 450 600 100() 1150 1800 2250 4500
14.0-14,5 2{_ 450 750 1000 1450 180() 2700 5400
13,5-14,0 300 550 750 1250 1450 22(X) 2700 5400
13.0-13,5 300 55{) 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 215{) 26,50 3850 7700

Source:
Internal Revenue Service, Form 6197, "Gas Guzzler Tax" and annual,
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Table 3.41

Model Year 1991 Cars Subject to Gas Gmo.ler Tax
Manufacturer Milesper 'Fax

Division Model Transmissiona 8allonb (dollars)

Audl V8 LA 19 2,100
V8 M5 19 2,100

BMW 850I IA 17 3,000
M5 M5 16 3,700
7501L lA 17 3,000
850I M5 16 3,700

Cadillac Allante IA 20 1,700
Brougham LA 21 1,300

CX Automotive, Inc, XM-V6 M5 19 2,100

Ferrari Tcstaroesa M5 13 6,400
F40 M5 16 3,700

Infinltt 045 lA 22 1,000
Q45 (Full-Active Suspension) lA 19 2,100

Jaguar XJ-S Convertible A3 17 3,000
XJ-S A3 18 2,600

Lamborghtnl Cottntach M5 9 7300
, DB132/I)lablo M5 13 6,400

Mercedes-Benz _XOOE A4 22 1,000
300SE A4 21 1,300
300SEL A4 21 1,3_0
300SL M5 21 1,300
420SEL A4 19 2,100
500SL A4 18 2,600
560SEC A4 18 2,600
560SEL A4 1.8 2,600
SI. Coupe A5 22 1,000

Porsche 911 M5 22 1,000
911 Carrera 4/2 M5 20 1,700
911 Carrera 4/2 A4 21 1,300
928 $4 A4 2O 1,700
928 $4 M5 18 2,600

Rolls-Royce Bentlcv Continental A3 13 6,400
Bentlt.V 13.1ght/MulsanneS A3 13 6,41)0
Bentlcv Turbo R A.3 13 6,400
Cornlch III A3 13 6,400
Silver Spirit II/Silver Spur A3 13 6,40(I

Source:
Data compiled from Information sent to ORNL on diskette by the U,S, Environmental

Protection Agency, Ann Arl_x)r,MI, June 1991,

aSee Glossary for definition of tratmn_'ion tylu:S.
bl'he figures shown here are the unadjustedfuel economies' produced by the l_nvlronmental l'rotectlon Agency (EPA), These

numbers will not match the numbers published In the 1_)0 Gas Mileage Guide, Mpg ts calculated based on EPA rating of 55-
percent city and 45-percent highway mileage,
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I Two separate studies by the Federal Highway Administration have measured the effects of speed on

thefuel economy of automobiles. (The 1984 study also included light trucks.) The fuel economy loss
will vary for each individual vehicle; these data are averages for _ tested vehicles. Both studies
indicated that maximum fuel efficiency was achieved at speeds of 35 to 40 mplL
I I III_ Ill I

Table 3.42
Fuel Economy by Speed, 1973 and 1984

(ma=pergallon)

Speed¸
(miles per hour) 19"/3' 19YAb

15 _ .',1.1
20 = &5.5
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%

Source:

1973- U.S. Department of Transportation, Fexleral Highway
Administration, Office of Highway Planniag, The Effect of
Speed on Automobile Gasoline Consumption Rates,
Washington, DC, October 1973.

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

'Automobiles only.
bAutomobiles and light trucks.
CData are not available.
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"lhc average rural Interstate speed in 1989 rose to 60 miles per hour for the first time since 1973,

, Figure 3.24. Average In_rstatc Spcc(_ 1970-89
ORNLOWG g_.55t,

_ b,,," -_..," Urban

45 i I i i | | | | i i i i i I | i | ! i i

1970 1972 1974 1876 1978 11100 1_2 11_4 1_ 19e8

Year
Source: See Table 3.43

Table 3.43
Average Urban and Rural Interstatc Spccds, 1970-89"

(miles pcr hour)

Year Urban Interstate Rural Interstate

1970 b 59.2
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

Souro=

U.S. Department of Transportation, Federal l lighway Administration, Highwa_L
Statistics 1989, Washington, DC, 1990, "FableVS.1, p, 186, and annual.

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

bData are not available.



3-69

I III I I • -

fuel economies that are posted on the windows of new vehicles are determined by testing the vehicle durbsg these drt,q_lg cycles,

The driving cycles sbnulate the performance of an engine while driving in O_e city or on the highway. Once the urban cycle

is completed, the engine is xtoppe_ then started again for the 8.5 minute hot start cycle,

" ' . I III I_lll I I II Ill l I

ORNL-DWG89- 14608

60 I_..... 1975 HOT START-_----"

_" 50 EPA URBAN
o.

4o

0
0 2 4, 6 8 I0 12 14 16 18 20 ,22

Time(minutes)

Figure 3.26. Urban Driving Cycle
Length of cycle: 1870 seconds, including idle time.

Average speed: 21.3 mph with idle; 26.5 mph without idle.
Iii I I I I I IIIli I ,,,, , , m, II Illll

ORNL-DWG89- 14609

A HIGHWAY

50-
Q.

E 40

30
u..l
L,J 20
13.
u-) I0

0 J_,,. I .._ t _ _ _ 1 l 1 J _ IJ
0 2 4 6 8 I0 12

Tune (minute)

, Figure 3.2'1. Highway Driving Cycle
Length of cycle: 765 seconds.

Average speed: 48.5 mph.

Source:

Code of Federal Regulations, 40CFR, "Subpart B - Fuel Economy Regulations for 1978 and
Later Model Year Automobiles - Test Procedures," July 1, 1988 edition, p. 676.
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Section 3.7. Vehicle Emissions

The Clean Air Act Amendment of 1990 set higher emission standards starting in 1994.

Table 3.44

Federal Emission Control Requirements for
Automobiles and Light Trucks, 1976-94"

(grant,_ per mile) ,.........
Automobiles Light trucks b

Model Hydro- Carbon Nitrogen Hydro- Carbon Nitrogen
Year carbons monoxide oxides Particulates c carbons monoxide oxides Particulates*

(HC) (co) (NO,) (HC) (CO) (NO,)

1976 1.50 15.0 3.1 d 2.0 20.0 3.1 a
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 a
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 d
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' 3.4c OAt 0.08

Sourtx_:

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.

°Applies 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).
tApplies 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 set higher emission standards starting in 1994,

Table 3.45

Federal Emission Control Requirements for
Heavy-Duty Gasoline Trucks, 1976-94'

(grams per brake horsepower hour)

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 b 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 t,
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 5.0_ b
1995 1.9_ 37.1_ 5.1Y b
1996 1.9_ 37.1c 5.0° b
1997 1.9_ 37. Ic 5.0o b
1998 1.9_ 37,1c 4.0_

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.

l_)4-on: Clean Air Act Amendment of 1990.

_Applies to trucks greater than 6,000 pounds gross vehicle weight until model year 1978; greater
than 8,5(X)pounds gross vehicle weight from model year 1979-1986; and greater than 14,000 pounds
gross 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 technolo_ available.
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The Clean Air Act Amendment of 1990 set higher emission standards stanhzg in 1994.

Table 3.46

Federal Emission Control Requirements for
Heavy-Duty Dic,',',',',',',',',_elTrucks, 1976-94'
(grams per brake horsepower hour)

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

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

1976 t, 40.0 b 16.0 b
1977 _' 40.0 b 16.0 b
1978 b 40.0 b 16.0 b
1979 1.5 25.0 b 10.0 b
1980 1,5 25,0 b 10.0 b
1981 1.5 25.0 b 10.0 b
1982 1.5 25.0 b 10.0 b
1983 1.5 25,0 b 10.0 t,
1984 1,3 15.5 10.7 5.0 b
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,Y 15,5 5.0 b 0.10
1995 1.Y 15.5_ 5.0o b 0. I(Y
1996 1.Y 15.5c 5,0_ b 0,10°
1997 1,3° 15.5° 5,0° b 0.1&
1998 1.3_ 15.5_ 4,0O b 0,10°

Sources:

1976-93: Code of Federal Regulations, 40CFR86, "Control of Air Pollution from New Motor
Vehicles and New Motor Vehicle Engines: Certification and Tesling 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.
°Heavy-duty trucks must meet these standards or standards which reflect the greatest degree of

emission reduction achievable through the application of the technolog3, available,
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Table 3.48

Exhaust Emission Standards for Clean-Pucl Vehicles in the California Pilot Test Program
(50,000 mile standards in grams per mile)

LDT LDT a
LDV & LDT 36,000 OVWR LDT a >6,000 GVWR LDT m

.c6,000 OVWR >3,750 LVW >6,000 GVWR >3,750 TW >6,000 GVWR
_3,750 LVW 35,750 LVW ',:3,750TW 35,750 TW >5,750 TW

Omvmtlmal vehldea

Non-methane hydrocarbons 0,250 0,320 0,250 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 b b b

Tra_tloa k,w_ _ (T_V.)
Non-methane organic gases 0,125 0,160 0 0 Q

Carbon monoxide 3,400 4,400 o u o

Nitrogen oxides 0,400 0,700 o o o

F'ormaldehyde 0,015 0,018 o o o

lxm,_ veh_,:,_ (i JWa)

Non-methane organic gasc.'.'s 0,075 0,100 0,125 0,160 0,195

Carlxm monoxide 3,400 4,400 3,400 4,400 5,000

Nitrogen oxides 0,200 0,400 0,400 0,700 1,100

F'ornmidehyde 0,015 0,018 0,015 0,018 0,022

Ultra-kM cmlsakm vchlclca ([llJ_Vs)

Non-methane organic gases 0,040 0,050 0,075 0,100 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

F'ormaldehyde 0,008 0,009 0,008 0,009 0,011

Non-methane organic gases 0,0 0,0 0,0 0,0 0,0

Carlxm monoxide 0,0 0,0 0,0 0,0 0,0

Nitrogen oxld_ 0,0 0,0 0.0 0,0 0,0

l:ormaldehyde 0,0 0,0 0,0 0,0 0.0

.",kmree:

I J,S, Environmental Protection Agency, Office of Mobile Sourct_a,"(._llfornla Pilot Test Program," l'ublic Outreach Meeting,
Ann Arl×_r, MI, May 17, 1991.

N(_e: I.DV = light-duty vehicle
LI)T = light-duty truck
GVRW = gr(xssvehicle weight rating
1NW = loaded vehicle weight
TW = tare weight

a'l'he clean fuel vehicle standards are not effective until tile 1_78 m(xlel year,
bNot applicable,
CThere is no TI.EV category for this vehicle cla_s,
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Almost ali ttle New England states have chosen to adopt the California Air Resources Board
standards, Many other states are currently conslderhzgusing the California stamlards instead of the
national standards,

Table 3.49
California/dr Rt._)urct_ Board Standards

Percent of

manufacturer's Vehicle type"
Year fleet

1989 liX) CV

1993 100 CV
1_.}4 90 CV

10 TLEV

1_95 85 CV
15 TLEV

lt_)6 80 CV

20 TLEV
1_)7 73 CV

25 LEV
2 ULEV

1t.,_)8-2000 48 CV
48 LEV
2 ULEV

2 ZEV
2(X)I-2(X12 90 LEV

5 ULEV
5 ZEV

2(X)3t' 75 LEV

15 ULEV
10 ZEV

Source:
Calili)rnla Air Resources Board, Mobile Sources Division,
El Monte, C.A, I_X),

" CV - Conventh)nal vehicles
TLEV - Transition h)w emission vehicles
LEV - Low emission vehicles
1li,EV - Ultra l()w emtssii)n vehicles
ZEV - Zero emission vehicles

t'Fleet average of non..nmthanc organic gases = 0,1)62 in 2(X)3,
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Four fuels are projected as capable of meeting the requirements for the trattsttlonal low.emission
vehicles, low.emission vehicles, ultra.low emission vehlcle_; and zero.emission vehicle_, Gasoline,

alcohol, compressed natural gas, and l/qulfled petroleum gas, with fuel and vehicle iniprovements,
are projected as capable of meeting the first three levels, Electric vet_lclesare phased in as ultra.low

emission vehicles and are the only vehicle type expected to be zero.emission vehicles,
_ IIII II IIII I_ I I I

Table 3.50
Possible F'uelNehlcles for Clean-Fuel Vehicles

TRANSITIONAL LOW-EMISSION VEHICLES OI.,EVs)

• Gasoline . small/medium displacement engines, I_eated fuel
preparation system, close-coupled catalyst

• Alcohol. Improved close-coupled catalyst
• Compressed natural gas. underfloor catalyst
• Idquifiedpetroleum gas. close-coupled catalyst

LOW-EMISSIONVEHICLES(LEVs)

• Gasoline - electrically heated catalyst, phase 2 gasoline
• Alcohol. heated fuel preparation system, close.coupled catalyst
• Compressed natural gas - electronic fuel Injection, close.coupled

catalyst
• Liquified petroleum gas - electronic fuel Injection, close.coupled

catalyst

ULTRA-LOW EMISSION VEHICLES (ULEVs)

• Gaso//ne - heated fuel preparation system, electrically heated catalyst,
phase 2 gasoline

• Alcohol. heated fuel preparation system, electrically heated catalyst
• Compressed natural gas - electronic fuel Injection, electrically heated

catalyst
• Electricity. range-extended hybrid vehicles, battery powered vehicles

with auxiliary combustion heaters

ZERO-EMISSION VEH ICIngS (ZEVs)

• Electricity. battery-powered vehtcles

Source:

U,S, Department ofEnergT,Office of Transportation Technologies, "Electric
Vehicle Progress," Washington, DC, January 1991, p,3,
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iT he Environmental Protection Agency (EPA) tests transient emisstons _om heavy.duty diesel engines i

using the 1984 Transient Federal Test Procedure, The engine Is subjected to a cycle of varying speed
and load ]'or twenty minutes,

I ........... 1 II IIII I I III

Figure 3.27. Torque and Speed Cycles for Translent Fau_lons Testing of a
Typical Heavy-Duty Dlu',',',',',',',',',_alE,nglno

NYNF LAF LANF NYNF
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I , I i _ I
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Source: Carroll, James N., ct. al., "Emission Comparison of DDC 6V-92TA on Alcohol
Fuels," Truck and Bus Meeting and Exposlthm, Detroit, MI, I_XJ, p.3.
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Section 3.8, High-Oeeupanc), Vehicle Lanes

Table 3.51

Chameterisfle_of Selected High-OccupancyVehicle (HOV) Facilltk_, 1989
t_thnated Prhnary

Vehicles peak-hour Vlolato_ r_aon for
Length allowed to use violation htltlal HOV lane

City (miles) t-loy Itqllesa I"_. ....... flue hnolemg_ltq_tollb

Houston, TX

I..45N (North) 9,1 PT,PB_VP,PE 1% $75 RV, lC
l-4fS ((lull') 6,5 PT,SB,I'BNP,CP,TX,PE 1% $75 IC
1-10 (Katy) 11,5 PT,SB_PB,VP,CP,TX,PE 35% $75 IC
US 290 (Northwc.st) 9,5 PT,SB,PILVP,CI_,TX,PE lth, $75 RV,lC

I_,o6Angeles, CA

San Bernadltlo t,_, Busway 12,0 PT, SB,PBtVP,CP,TX,PE 11% $150 AO,EN,IC,OT
Mlnnealmlla, MN

1-394 3.4 PT,SB,PB,VP,CI',TX,I'E,MC 5% $44 IC,OT
Washington, DC

Shlrlc"yHighway 11,0 PT,SB,PB,VP,CP,TX,PE 2% $50 RV,lC
1.66 10,0 PT,SB,PB,VP,CP,TX,PE 17% $50 AQ,IC,OT

c.,,mamu/low,_ana,n
l.x'_ Angeles/Orange County, CA

Rr, 55 (commuter lane) 11,0 PT,PII,VI',CP,TX,PI_,MC 6% $150 AO
1-405 (commuter lane) 14,0 PT,PB,VI_,CP,TX,IqI!,MC 5% $150 lC

Rr, 91 (commuter lane) 8,0 P'F,I'B,VI',CP,TX,Iq_,,MC 5% $150 AC),IC
San Francisco, CA

Oakland Bay Bridge 2,3 PT,SB,I'II,VP,CI_,TX,I'E,MC 2% SI(R) lC
US101 7.0 I"I',SILIq3,VP,Ci_,TX,I'E 5% $100 IC,OT

S_ttle, WA

1-90 5,8 PT,SB,PB,VP,CP,TX,PE,MC _ $47 AOpENjC,OT
SR 520 2,8 PT,SB,I'Ii,VP,CP,TX,PE,MC 0 $47 IC
I-5 6,2NB;5.2S11 PT,SI3,1'B,VI',CI',TX,PE,MC 19% $47 AO,lC
1-405 6,0 o $47 AQ,IC

Washington, DC/Norlhern VA

1-95 6,_ PT,SI],I'I],VP,CP,TX,PI'; _ 0 IC,OT

Som_

U,S, Department of 'I'ranstmrlatlon , A Deserl0tlon of _!lg!l-Occupanc5, Vt:hlcle Facilities In N.ort!l Amer c_, Washlngtcm, DC,
July lC._, pp, 57-63, 67-68, 84-86.

"Vehicles allowed to use High-Occupancy vehicle fltcllltles:
PT- l'ublle Transit Bus
SB. Schtml Bus
PB - Private Bus
VP - Van Pool
CP - CAll' Pool

TX. Taxi

PE - Police & Emergency
MC - Motorcyle

bPrtmary reasons for Hlgh.Occulmnc 3,vehicles project flnplemenlatlcm:
AQ - Air Quality
EN - Energy
RV - Reduce VMT

IC - Increase Capacity
OT - Other

q)ata are not awdlable.
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T_ble 3.52

Morning Peak Direction Bus, Vanpool, and Carlmol Rldcrshlp
and Vehicle Volume on Selected Htgh-O_-upancy Vehicle (HOV) Facilities, 1989

Peatk.hourHOVFacility Prink.hour

Number of Bus Van and C.arixml Non I-IOVFre¢'wa_/
directionallant.s No, of No, bf .... No, Of No_of ...... NO,of No, of

City _y vehicles passengers vehicles passengers vehicles passengers

_c_ve fac_ freeway,r_ of way
Houston, "IX

1-45N (North) 1 4 75 2,810 52 416 7,897 8,5(_5
I..45S (Gulf') 1 4 26 840 706 1,598 4,631 5,795
1-10 (Katy) 1 3 46 1,820 962 2,595 5,2.52 5,687
US 2_ (Northwest) 1 3 17 600 1,558 3,248 6,14(! 6,630

' l.x,.sAngeles, CA
San Bernadlno Fwy, Busway 1 4 71 2,750 1,374 4,352 8,375 9,548

Mlnneaix_lis, MN
1-394 1 2 13 455 430 942 1,956 2,328

Washington, DC
Shirley Illghway 2 4 161 5,621 2,314 9,483 8,696 10,435
I..66 2 0 13 398 618 2,278 a •

c:_ ]lowfacUlties
l_xxsAngeles/Orange County, CA

Rt. 55 (commuter lane) 1 3 3 50 1,295 2,687 5,284 5,656
I..405 (commuter lane) 1 4 4 120 1,625 3,705 8,322 9,154
Rt, 91 (commuter lane) 1 4 0 0 1,294 3,112 10,478 11,212

San Francisco, CA
Oakland Bay Bridge 4 5 101 3,535 2,325 8,273 a .
US 101 1 3 57 1,9)5 678 1,4oX) 4,952 6,274

Seattle, WA
I-9(} 1 3 34 1,2.50 127 229 5,133 5,749
SR 520 1 2 56 3,140 210 498 2,766 3,043
I-5 1 4 64 2,605 466 1,105 7,691 9,476
I..405 1 2 1 20 193 435 1,960 1,9_Y.)

Washington, DC/Northern VA
1-95 1 3 .% 1,226 1,242 5,336 3,879 4,500

"l'cm.dtfr ALL U.S. llOV Facilities 44 110 2,165 104,754 22,1164 62,765 127,156 146,7'.4

Source:

U.S. Department of Transportation, ..,3,l)escrlptlolaof HIRh.OccupancyVehicle Facilities InNorth An3ertc,t!,Washington,
I)C, July 1990, pp. 73-75.

"Data are not available.



CHAPTER 4

PERSONAL TRAVEL STATISTICS

The number of vehicles per household in the U.S. has almost doubled in the past forty

years - from 0.99 in 1950 to 1.92 in 1990. In that time period, 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 haz;conducted a monthly travel

survey 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 place 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 Persc,nal

Transportation Study (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 "any one-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 14 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 take:_ directly from the U.S. Department of

Transportation, Federal Highway Administration, 1990 Nationwide Personal Transportation

Study: Summary of Travel Trends which was prepared by Oak Ridge National Laboratory

4-1
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for the Federal Highway Administration. Since ali of the NPTS surveys differ somewhat in

terms of terminology, survey procedure, and target population, one should be cautious when

comparing statistics from one survey to the next.
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Table4.4
DemographicCharaetcristi_of'Auto/Truck/Rct_rcationalVehicle (RV) and Air Travelers

1988-9(_(percentage)
Total _ /m_V tnlvck:_ Air

1988 1990 1988 1990 1968 1990

Sex
Male 57 54 56 54 60 57
Female 43 46 44 46 40 43

18-24 years 15 13 16 14 14 11
25-34 years 27 27 25 27 28 27
35.-44years 23 22 24 22 23 23
45-54 years 15 15 15 15 18 15
55.64 years 10 12 11 13 9 10
65 years and over 11 11 11 10 9 12

tiomehokl _e
One per.on 20 20 18 18 2.4 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

Fam.yincome
Less than $10,000 6 l0b 7 l0 b 4 6I'
$10,000 - $19,999 16 90 17 90 11 60
$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

Region of odgin o1"trip
New England 5 5 4 5 6 6
Mid-Atlantic 13 13 12 11 13 17
South Atlantic 16 17 17 17 16 17
-7EastSouth Central 6 6 6 7 5 5
7EastNorth 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

Round trip distance
200-299 mlic._s 22 22 28 29 3 2
30().3_9 miles 16 15 20 19 4 1
400-4_t miles 10 11 12 13 5 4
500-599 miles 6 7 7 8 4 4
600-t.D9 mll_ 13 14 13 15 14 11
1000-1_)9 mil_ 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) d 970 898 680 596 1980 2014
Total miles (billions) e 636 594 321 288 306 292
"lbtal trips (millions) 656, lt 661, lt 472,6 483,9 154,6 144,9

.e.xmrcea:
U,S, Travel Data Center, 1988 Travel Market Close-Up, Washington, I)C, 1989, pp. 1, 29, 81, 89, and 93,
U,S. Travel Data Center, I_X)Travel Market Report, Washington, DC, 1_)1, Appendix F, pp, 1, 29, 81, 89, and 93,

"The sum of the comt×ments may not equal 1(_) percent due to rounding. A trip is defined as "each thnea person gt-w_to
a place at least 100 miles from home and returns."

bless than $15,000
_ 15,000-$19,_)9.
dBased on total trips taken in category, not total travelers,
CTotal number of trips multiplied by average trip distance,
fThe total exceeds the sum of autom()bile and air travel because some trips are made by bus and rail.
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Regardless tq"the trip puqmses, the majority of trips #l 1_)0 were taken using auto/tmck/RK Of the
four trip purposes, busitzess trqJs had the highest t_ercentageof trips by airplatle (37%), whUe weekend
trips had the lowest percentage (13%), Because, trips taken by airplane are, on average, longer than
other modes, bustness trips have the longest average trip length in 1_)0 (1,020 roUes)atul weekend
trips, the shortest ((_9 miles), .

II I IIII IIIII I IIII __L -- I I IIII I II I III III . '...... IIIIIIII

Table 4.6

Mode, of Travel by Trip Purp(x_, 1_)'
,,,,., ,. ,. __

Pleasure Business Vacallon Weekend Total

Mode (perccn tat_e)

Auto/truck/RV t' 77 58 74 83 73
AirplanK 18 37 21) 13 22
BUS 3 2 3 2 3
Train 1 ° 1 1 1
Other 1 2 1 1 2

Total number of trips (millions) 46(1,9 155.6 422,3 28(!.2 661,1
Average trip distance (miles) 867.0 1020.0 953,() f_9.0 898.0

Source:

U.S. Travel Data Center, _I9_X)Travel Market Re(p..!_,Washington, D.C,, 1_)1, Appendix F, pp. 1, 5.

Figure 4.4. Mode of Travel by Trip Purlx)se, 1990

ORNL-DWG _.B_I g

BO

"The sum of lhc c()mptmcnts may nol equal I(X)pcrccnt due t() rounding. A tripis defined as "each
time a person g()cs t() a l)lacc at leasl i(l()miles from h()mc and returns."

bThis category also includes rental cars. RV = recreational vehicle.
':Less than 1 pcrccnt.
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Summary Statistics tm l)¢ng)gntlflflc (11utnu.'torlalles
and Total 'l'ravel

1969, I(YF/, 1983, anti 1_)0 Series of tlm NlrlS

.... =._.:7: ...... JI I II 'li III L'". I i iilnl?''i , I,i, , , ,,ll','ll . -:; ...... _ -.IL I Illl I r 1 I,l, 'lT I " _L I '_ . I .........

Cl_ange
1969 1977 1983 1990 69-i)(P- -69..90_''

-iiOOSl[_j i0ii_ (0001...... _ ..................................................................................................................

Ali 62,504 75,412 85,371 93,347 1.9 49
1 person 10,980 16,214 19,354 22,_19 3,6 109
2 persons 18,448 22,925 27,169 30,114 2,4 63
3 pergms 111,746 13,046 14,756 16,128 2,0 51)
4+ persons 22,330 23,227 24,092 24,106 0.4 8

PFatSONSCCd)
Ali 197,213 213,141 229,453 239,416'_ 0,9 21

Under 16 60,100 54,958 53,682 54,303 4.1.5 .10
16.19 14,598 16,552 15,268 13,851 -0,2 -5
20-34 40,0(gl 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 1.1 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,_ 124
IJCI?'.NSED 1)RIVEIL.tl(0(10)
Ali 102,986 127,552 147,015 163,0Z53 2.2 58

Male 57,981 66,1_) 75,639 80,289 1.6 38
Female 4.5,005 61,353 71,376 82,707 2.9 84

WORKFhI,S (0001

Ali 75,758 93,019 1(13,244 118,3433 2,1 56
Male 48,487 55,625 58,849 63,_16 1.3 32
Female 27,271 37,394 44,395 54,334 3.3 99

IIOUSEHOLI) VEIIICLI_V' (000) 72,5(10 120,098 143,714 165,221 4.0 128

IIOUSEIIOIJ) VIT.III(_.E "IIlIPS 87,284 !08,826 126,874 158,927 2.9 82
(ooo,ooo)

tlOUSF/JIOIJ) VMT (000,000) 775,940 907,603 1,002,139 1,409,600 2.9 82

PF__INON'IRIPS t (000,000) 145,146 211,778 224,385 249,562 2.6 72

PERSON MII_,I_ OF TRAVI?&* 1,404,137 1,879,215 1,946,662 2,315,31111 2.4 65
Co_),ooo)
li l l l : _2 lll;l l J l _ ' :: Jill li [['l i lI l li li l ;liTl _:_ m_ L[ llll,

_mrcc: U,S. l)cpartmenl ofq'ranslx)rlallon, Federal l llghway Administration, l.t._X)Nationwide l)er,,amal'I'ra_nspgrtat!on'
Summa_rLj)f Trav(;I Trencl_, Washington, I)C, March 1_12,

"(2m'qx)undcd anaual percenlagc change rate.
t'Pcrcentage change rate.
'qncludes "dcm't kn()w"and "rcfu_tls."

'q:or years 1977-1_)0.
e1969 survey Includes ()ni),aulom()bllcs, station wagons, and vanbuses/rnlnibuses as household vehicles.
t1%9 survey does not include walk and bio-yelPtrips.
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The percentage of househoMs without a vehich,,dropped from 20,6% in 1969 to 9,2% in
1990, whtle the percentage of househoMs that has three or more vehicles quadrupled, Over
the 1969 to 1990 perhM, the total number of househoMs increased by 49% whUe the
number of household vehicles increased by 128%,

...... I II III II IIIIII I I III I ..... II IN II I __ II __

' Table ,4.8
Number of Households by Vehicles Available

1_i9, 1977, 1983, and 1_21)_ri_ of the Niris
(thousand,s)

Number Change
of Vehicles

Owned 1969" 1977 1983 19c,X) 69"-_X)t' 69"90_

, No Vehicle 12,876 11,538 11,548 8,573 -1.9 -33
, (20.6%) 115.3%) (13.5%) (9.2%)

1 Vehicle 30,252 26,1D2 28,780 31),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 _}.2 535
(4.6%) (15.7%) (19.2%) (19.5%)

ALL
HOUSEItOLDS 62,5114 75,412 85,371 93,347 1.9 49

ALL

HOUSEHOLD 72,500 120,1_)8 143,714 165,221 4.1) 128
VEHICLES

VEHICLF_ PER
1.15 1.59 l.(kl 1,76 2.1) 53ItOUSEIIOLD

- : : 7:- ,..... :7_ "- - ------=""'__'_7 _t_

Source: U,S. Department o1'Transportation, Federal lliglaway Administration,
ic_,._)Naticmwidc, Personal Transportaticm Slud_ Sumrnt!_ of Travel "_.F_rends,
Washingtcm, DC, March 1_)2.

aTt'te 1969 survey does not inc,lude pickul_sc)r otlmr light trucks as houst:hold vehicles.
t'Compounded annual percentage change rate.
_Percentage change rate.
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Both annual VMT and annual vehicle tripsper househoM increased by 22% between 1969
and 1990. Work trips continue to account for the largest proportion _'fhousehoM travel,
both in terms of miles and in number of trips. Average vehicle trip lengths, which had been
decreasingfrom 1969 to 1983, showed increases in 1990. The largest i_icreasein trip length
was in work trips.

,

IIIII I I I I IL_.

Table 4.9
Average Annual VMT, Vehicle Trips and Trip Length

Per Household for Selected Trip Pu_
1969, 1977, 1983, and 1990 Series of the NFPS

i i- i i I i i i i i

Percent
Trip Purpose 1969 1977 1983 1990 Change

69-90......... i|111 ..... i . ..i ....... i ....................... i ............ i ......... i.... 7_ ............... iii ........ J l ..

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

Alg .......... 12,423 12,036 11,739.... 15,099 22
i!:: :ii :.:i:i i:i_ ::: : Average Annual VehicleTripS: :. : :::: :. ::ii::: !::i
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

Alia 1,396 1,442 1,486 1,702 22

Average Vehicle Trip Length (Miles)
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

tglla 8.9 &4 7.9 9.0 1

Source: U.S. Department of Transportation, Federal Highway Administration, 1990
Nationwide Personal Transportation Study: Summary of Travel Trends,
Washington, DC, March 1992.

alncludes trip purposes not shown above.
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Figure 4.7. Household Vehicle Travel for Selected Trip Purimse_
1969, 1977, 1983, and 1990 Scri_ of

, ORNL-DWC_)2-6438
6,OOO

i
I" 3,014
_; 3,OOO ....
> , ..............i

l ...,,

,,...,,,'"'
,.,.,,"

2,000 Other Familyor Personal Business 1,81.6.......... 1,743o

1 _ ........................ f,',567 ......
1,270 ............................................. _'_".'_'_'_................ ' Shopping

........................'_ 1,000 .....

o I I I _-
1969 1977 1983 1990

Year

14 3,1 I12 "" -- .. Social and Recreation 21.8
" 11.01

...... - _ _- -
Home to

"6 8
.p_ Other Family or Personal Business 7.4

.o_ _8 / _7 ..........................................
® o.o ................................................................................................_ ..........................................

5,3

Shopping 5.1.._ ......,5,0 ° .......................... " ......................................

"4.4 .........._ ............

4 --

2 I, I I ,,, I
19,69 1977 1983 1900

Year

i,

Sourcc: See Table 4.9.
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The average vehicle occupancy, calculated asperson miles per _,ehiclemile, was at its lowest

I

level since 1977 in every trip purpose. Several factors contributed to this decline in the
vehicle occupancy rate, including the increased number of vehicles per househoM and the
decrease in average household size.

I III II IIII II II Ii_ IIII I __

Table 4.10

Average Vehicle Occupancy for Selected Trip Purposes
1977, 1983, and 1990 Series of the NPTS

(person miles per vehicle mile)

:: , ::: '" :: '

Change
Trip Purpose 1977 1983 1990 77-9(P 77-90b

Home to Work 1.3 1.3 1.2 -0.6 -8

Shopping 2.1 1.8 1.5 -2.6 -29

Other Family or 2.0 1.8 1.6 -1.7 -20Personal Business

Social and Recreation 2.4 2.1 2.1 -.1.0 -13

Ali Purposes c 1.9 1.7 1.6 -1.3 -16

Source: U.S. Department of Transportation, Federal Highway
Administration,1990 Nationwide Personal Transportation Study:
Summary_of Travel Trend.s, Washington, DC, March 1992.

'Compounded annual percentage change rate.
bPercentage change rate.
Clncludes other purposes not shown above such as trips to school, church, doctor, dentist,

and work-related business trips.
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0

1969 1977 1983 1990
Year

Source: SeeTable 4.11.

Table 4.11

Distn'bution of Journey-to-Work Trips by Usual Mode'
1969, 1977, 1983, and 1990 Series of the NPTS

(percentage)

Mode 1969 1977 1983 1_)0

Auto 82.7 80.5 77.6 91.4b
Truck c 8.1 12.5 14.8 -

Public Transit 8.4 4.7 5.8 5.5
Other 0.8a 2.3 1.8 3.1

Total 100.0 I(_).0 I()0.0 100.0
1

/

Source: U.S. Department of Transportation, FeJcral ]ti_hway Administration,
1_)0 Nationwide Personal Transportation Study: _'. ,:,urnrnaryof Travel Trends,
Washington, DC, March 1992.

'Usual mode is defined as the main means ot" transportation to work during the week
preceding the interview.

b1990 survey combines automobile and truck as a single mode.
CHousehold-based trucks, primarily pickups.
'tExcludes walk trips.



NPT.6
4-21

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 bepartially due to the fact that a greater number of suburban atwl 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 driving
alone.

Table 4.12

Commuting Patterns of Journey-to-Work Trips by Mode
1969, 1977, 1983, and 1990 Sedt_ of the NPTS

_ ,, ! , , .... , ,., _: ,.0 ,, '

Change

Mode 1969 1977 1983 1990 69..90a 69-90_'

:: _ Average Commute Trip Distance (Miles) i

Auto 9.4 9.2 9.9 10.4 0.5 11

Truck c 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

Average Commute Travel Time (Minutes)

ALL 22 21).4 20.4 19.7 -0.5 -10

Source: U.S. Department ol, Transportation, Federal Highway Administration,
19':)0Nationwide Personal Transportation Study: Summat-y of Travel Trends,
Washington, DC, March 1992

'Compounded annual percentage change rate.
bPercentage change rate.
ltousehold-based trucks, primarily pickups.

lr,
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Source: See Table 4.16.
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Table 4.17

Average Annual Miles pcr Vehicle by Number of Vehicle_ Owned
1969, 1977, 19_, and 1990 Series of the NIr_

Change......

Number of Vehicles 1969' 1977 1983 1990 69,90b 69-9ff'

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.

Source:

U.S. Department of Transportation, Federal Highway Administration, l_j0_Nationwi_de
Personal Transportation Study: Summ.at_ of Travel Trends, Washington, DC, March 1992.

Figure 4.13. Average Ammal Miles Per Vehicle by Number of Vehicles Owned
1969, 1977, 1983, and 19911Series of the NP'II_

1o,1_1

I10.o v0_a° 0

12,000 [ L/_lThree orMore 11,_

12,000 1 10'87410 701_ 1 10,854 //._._0,257':'_;._ //. t,J//

IO,OOO , //_/// _1

li

4,000 ".'.
_'f./

1060 1977 ll_la 1000
Year

Source: SeeTable 4.17.
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Table 4.18

_ Average Annual Miles Per Vehicle by Number of Adults in Household
1977, 1983, and 1990 Scfics of the NIrIS

, ,,, i, iii
La_. ii i i , , ,

Change

Number of Adults 1977 1983 1990 77-90' 77-90b

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
_L ,,I ' , , I J '1

'Compounded annual percentage change rate.
bpercentage change rate.

Source:

U.S. Department of Transportation, Federal Highway Administration, 1990 Nationwide
Personal Transportation Study: Summary of Travel Trends, Washington, DC, March 1992.

Figure 4.14. Average Annual Miles Per Vehicle by Number of Adults in Homehold
1977, 1983, and 1990 Series of the NPTS

O
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Source: See Table 4.18.
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Although travel by males still accounts for a majority of the total travel, 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, regardless of the age group, either remained relatively constant or
decreased. In constrast, travel by females increased across ali age groups, except for the 55
;'_ 64 age group.

Table 4.19

Dism'bution of Annu',d Miles by Driver Age and Sex
1969, 1977, 1983, and 1990 Series of the NlrlX3

(percentage)

: , J, ,

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

¸FEMALE

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

SOUI'CA3:

U.S. Department of Transportation, Federal Highway Administration, 199(__...._))
Nationwide Personal Transportation Study: Summary of Travel Trends,
Washington, DC, March 1_2.
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I As households owned more vehicles, the average annual miles for the most frequently driven

vehicle increased. For example, the most frequently driven vehicle in five-vehicle households
was driven 31% more per year than the one in _o-vehicle households" (20,300 miles vs.
15,500 miles).

I I I

Table 4.20
Average Annual Milcs pcr Vehicle by
Household Vehicle Ownership, 1990

Total number of Vehicle' Ali
vehicles owned

by household # 1 #2 #3 #4 #5 vehicles

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
m_

_Durce:

Generated from the U.S. Department of Transportation, Federal Highway Administration,
1990 Nationwide Personal Transportation Study, Public Use tape, March 1992.

aVehicles are ranked by descending annual miles driven.
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CHAPTER 5

.4T,TERNATIVE FUELS STATISTICS

Irl 1990, the transportation sector alone consumed 21.4 quads of petroleum fuels,

which accounted for 63.6% of total petroleum consumed in the United States. With the

decrease in domestic oil production, the amount of imported crude oil and petroleum

products has increased at an average rate of 9.4% per year since 1985. In 1990, 47% of

the U.S. petroleum consumed was imported. With the transportation sector being the

largest petroleum end-use sector, the nation's dependence on petroleum will have to be

addressed by 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 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 fuels'. In 1988 the

Alternative Motor Fuels Act (AMFA) was established to encourage the use of alternative

fuels in the U.S. transportation sector. A synopsis of the AMFA follows, as well as

information about the Alternative Fuels Data Center and 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.

'Information about the California emission standards is contained in Chapter 3,
Section 3.7 Vehicle Emissions.

5-1
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THE ALTERNATIVE MOTOR FUELS ACT OF 1988
PUBLIC LAW 100-494

The Alternative Motor Fuels Act (AMFA) is intended to:

• encourage the development and widespread use of methanol, ethanol, and

natural gas as transportation fuels by consumers, and

• encourage the production of methanol, ethanol, and natural-gas-powered motor

vehicles.

To meet its objectives, AMFA provides vehicle manufacturers with incentives to

produce alternative fuel vehicles. The law also requires the demonstration and testing of

alternative fuels in a variety of vehicles and calls for several studies to further understand

alternative fuels. Government agencies participating in the program are: the U.S.

Department of Energy (DOE), the General Services Administration (GSA), the U.S.

Department of Transportation (DOT), and the U.S. Environmental Protection Agency

(EPA), as well as other federal agencies, state and local governments, and industry.

Beginning in model year 1993,,automotive manufacturers will have Corporate

Average Fuel Economy (CAFE) incentives to produce alternative fuel vehicles. By

assigning a high fuel economy value to alternative fuel vehicles, the manufacturers

producing these vehicles will be provided with defined credits that will make it easier to

meet CAFE standards. Incentives for federal agencies to acquire these vehicles through

the GSA include allowing an agency to count onlyhalf the number of its alternative fuel

vehicles against its total vehicle allocation.

The Department of Energy (DOE) is managing three demonstration and testing

projects required by AMFA, including the following:

• a cooperative project with the GSA to procure alternative fuel passenger

automobiles and light-duty trucks and place them into service in federal fleets;

• a heavy-duty truck project that will be conducted with commercial fleets; and
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• testing of alternative fuel transit buses in support of the DOT Federal Transit

Administration's Alternative Fuel Initiative program, and alternative fuel transit

buses operated by state and local agencies.

tk"
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THE ALTERNATIVE FUEJ..S DATA CENTER

The Department of Energy (DOE) has established the Alternative Fuels Data Center

(AFDC) in support of its work aimed at fulfilling the 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 objectives of the Center include:

• designing, implementing, and operating a computerized system for collection,

storage, retrieval, and analysis of available data on alternative fuels utilization;

• establishing and disseminating a uniform data collection protocol for future fleet

tests and demonstrations of alternative fuels;

• publishing reliable, unbiased, and accurate reports and data summaries

• providing easy access to data for external users in the scientific, industrial, and

governmental communities; and

• expanding the scope of the data base to include other transportation fuel

alternatives, such as a biofuels production database.

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
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garbage trucks; and (3) urban transit buses. An Oracle Relational Database Management

System is used to manage the data, along with a statistical software package capable of

providing statistical, graphic, and textual information to users. Many categories of data are

collected, including;

• vehicle weekly log (mileage, driveability, startability, fuel consumption)

• emissions test data

• lubrication oil analysis

• fuel analysis reports (alcohol, gasoline, diesel, propane, natural gas)

• chassis dynamometer performance

• meteorological data

• maintenance reports

• environmental health and safety issues

• route characterization

• basic vehicle data

• basic powertrain data

Future editions of the Transpoltation Ener_ Data Book will present statistics

generated by the AFDC.
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U.S. ADVANCED BA'ITERY CONSORTIUM

i,

Electric vehicles are being studied as one type of alternative fuel vehicle. One of the

greatest advantages in using electric vehicles is that there are no vehicle emissions. The

U.S. Advanced Battery Consortium (USABC) has been established to concentrate efforts

on battery development for future electric vehicles.

The USABC consists of:

• Big Three U.S. Auto Manufacturers - Chrysler, Ford, General Motors

• Electric Power Research Institute

• Electric Utility Industry

• U.S. Department of Energy

The objectives of the consortium are:

• to develop the mid-term battery with production targeted for 1994; and

• to demonstrate design feasibility for the long-term battery in 1994

Key concept,,;:

• The formation of complete integrated teams, which might cxmsist of the battery

manufacturer and all key suppliers ibr each battery technology. Larger groups

might also be established with a key developer coordinating the eftbrts of several

manufacturers and their suppliers.

• Highly interactive technical coordination of each project by the assigned USABC

Work Group. Frcqucnt, informal interaction and discussion would be the

normal mc×tc of operation. Work Groups will be organized according to a

specific battery technology or related technology. Membership will include

technical personnel from Chrysler, Ford, General Motors, and participating

electric utilities with advisors from the Department of Energy.

• Frequent and thorough ewlluation of deliverable hardware to verily program

progress and to ensure that problems are satist'actorily resolved as the program

procecds.
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Table 5.1
Advanced BatteW Technology Gtmls of the U.S. Advanced Battery Consortium

Mid.term goal Long-term goal'
, (1995-1998)

Power density W/L 250 600

Specific power W/kg 150 400
(80% DOD/30 sec) (200 desired)

Energy density Wh/L 135 300
(C/3 discharge rate)

Specific energy Wh/kg 80 200
(C/3 discharge rate) (100 desired)

Life (years) 5 10

Cycle life (cycles) 600 1000
(80% DoD)

Power and capacity degradation 20% 20%
(% of rated spec)

Ultimate cost (S/kWh) <$150 <$100
(10,000 units @ 40 kWh)

Operating environment -30 to 65° C -40 to 85° C

Recharge time <6 hours 3 to 6 hours

Continuous discharge in 1 hour 75% 75%
(no failure) energy (of rated energy capacity) (of rated capacity)

Sourt_:

U.S. Department of Energy, Office of Transportation Technologies, Washington, DC, 1991.

'Competitive with today's internal combustion engine vehicles.
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Whilepropertiessuchas Reidvaporpressureandoctanenumbercan bedeterminedfor neatoxygenates,thesevalues
do not representtheirbeluwiorin afinal gasolineblend. Bknding numbersarethereforeusedfor thispurpose. The
blendingnumbersvaryby oxygenatetype,concentration,and basestockcomposition. The blendingnumberson this
tableare directlyrelatedto the basestocktestedand should not be used out of context.

III I IIIII III IIII IIII I I I IIII I I III I _ H_=, ._

Table 5.2

Basic Chemistry of Various Transportation Fuels

Qhemical Formulae

Ethanol (Ethyl Alcohol) CH3CHzOH (or C2HsOH)
Methanol (Methyl Alcohol) CH3OH
Ethane CH3CH_ (or CzH6)
Methane CH_
Gasoline C4Htoto Ct2Hx

Phys&al Properties

Ethanol Methanol Gasoline

Mokxadar Weight (MW) 46.07 32.04 '
Specific Gravity (60°F/60°F) 0.794 0.796 0.72-0.78
Density (lb/gal @ 60°F) 6.61 6.63 6.0-6.5
Boiling Point 78°C (173°F) 65°C (149°F) 27-225°C (80-437°F)
Reid Vapor Prt:ssure (RVP)

Neat (psi) 2.3 4.6 '
Blending number(psi) 12-27 93.98 8-15

Octane Number
Neat 97 98 '

Blending number 111b 1150 84-93
Water solubility (volume % @ 70°F) 100% 100% d
Latent heat ef vaporization

Btu/gal @ 60°F 2,378 3,340 900
Btu/lb @ 60°F 396 506 150

Heating' Value (lower)
Btu/lb 11,500 8,570 18,000-19,000
Btu/gal @ 60°F 76,000 56,800 109,000-119,000

Energy Release (Btu/ft 3) 94.7 94.5 95.2
Stoichiometrie 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 Biofucls 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.
_For 5% methanol blending with gasoline.
dNegligible.
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The warranties of most passenger vehicles sold in the United States cover up to the following fuel
concentrations in gasoline: Ethanol, 10%; ETBE, 17%; Methanol, 3-5%; MTBE, up to 15%.

Table 5.3.
Reid Vapor Pressure of Various Alcohol/Ether/Gasoline Blonds

% of % of Blending Agent
Gasoline Alcohol/Ether Ethanol ETBE' Methanol MTBE t'

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 c 7.90 c ,
70 30 9.50 _ 12.05 °
50 50 8.70 ° 11.40 8.80
30 70 7.00 ° 10.00 °
15 85 5.00_ _ 7.90a
10 90 4.30 0 7.20 8.10
0 100 2.30 4.40 4.60 7.80

Source"
Tshiteya, Rene M. and Ezio N. Vermiglio, properties of Alcohol Transportation Fuels, Alcohol

Fuels Reference Work #1, prepared for the Biofuels Systcms Division, U.S. Department of
Energy, by Meridian Corporation, Alexandria, VA, July 1991, p. 4-i.

'Ethyl-tertiary-butyl ether.
bMethyl-tertiary-butyl ether.
OData are not available.
dEstimated.
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Tablc 5.4.

_uction of Methanol and Ethanol, 1978-1990

(miuiangallons)

Year Ethanol Methanol
t*,,, ,

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

Average annual percentage change

1978-90 35.3% 0.8% b
1982-90 15.8% 0.8%

Sources:

Ethanol - Information Resources, Inc., Washington, DC,
1991.

Methanol - EA-Mueller, lnc., Baltimore, MD, 1992.

'Data are not available

bAverage annual percentage change is for years 1979-90.
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I As o.fApri11991, 11 states offered tax exemptions to encourage the use of gasohol for transportation !

purposes. Alaska offered the greatest exemption of eight cents per gallon, while Iowa and
Connecticut both had the lowest exemption ofone cent per gallon. Some states, such as Maine,

Tennessee,. Texas, and North Dakota, have discontinued the exemption of gasohol in recent years.
' l 'l I I_"_

Table 5.5.

State Tax Exemptions for Gasohol
April1991

Exemption
State (cents/gallon of gasohol)

Alaska 8.0
i

Connecticut 1.0
Idaho 4.0
Iowa 1.0
Minnesota 2.0
Nebraska 2.0

New Jersey 4.0
New Mexico 2.0
South Dakota 2.0

Washington 3.7
Wyoming 4.0

Solll'(_g:

U.S. Department of Transportation, Federal Highway Administration,

"Monthly Motor Fuel Reported by the States, March 1991," /
June 1991, Washington, DC, Table MF-121T.

A

I
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Table5.6
GasoholConsumptionby ReportingSlates, 1980-90"

(thousandsof gallons)

1980 1982 1984 1986 1987 1988 1989 1990b

Alabama 11,522 34,899 261,286 466,255 416,308 195,725 197,856
Alaska 171 381 215 12
Arizona _ 2,798 5,096
Arkansas 8,250 8,462 28,871
California 147,795 464,004 401,837 189,046 252,702 489,235 .369,185 479,716
Colorado 3 23,990 82,233 70,462 21,400 50,707 70,522 97,263
Connecticut 15,849 4,461 5,421 5,323
Delaware 1,512
DC 124 34 84 205 328 446 333
Florida 14,359 103,053 508,751 334,041 139,616 76,312 77,657 77,558
Georgia 11,063 148 18 ' 6,291 30,265 88,672
Hawaii 1,095 368
Idaho 2,464 8,067 22,016 24,207 45,012 64,830 70,199
Illinois 15,088 251,200 562,036 1,286,828 1,341,009 1,406,620 1,278,517 1,341,148

Indiana 120,569 587,396 668,638 685,814 651,544 610,320
,Iowa 155,947 498,636 457,125 385,130 397,029 402,844 385,991 374,897
Kansas 37,786 7,448 273,077 232,604 139,831 120,763 98,844 73,971
Kentucky 4,763 18,872 328,238 736,349 757,390 656,845 403,859 355_987
Louisiana 24,424 336,187 252,975 79,635 52,698 38,760
Maine 2,634
Maryland 18,549 107 82 501
Massachusetts 16,209 290
Michigan 29,924 206,794 577,723 382,010 482,896 499,565 402,714 510,447
Minnesota 11,776 4,653 2,707 374,032 214,005 171,929 170,499 244,336
Missouri 9,000 13,860 14,316 21,912 134,832 157,056 245.436
Montana 158 10,170 10,181 3,454 2,451 257 80 1,423
Nebraska 30,067 89,698 208,455 216,356 241,984 258,073 271,082 300,632
Nevada 641 964 18,650 58,877 56,716 37,342 49,167
New Hampshire 3,642
New Jersey 6,567
New Mexico 1,082 63,756 58,752 99,310 147,656 171,297 156,935
N. Carolina 10,688 7,456. 34,037
N. Dakota 13,491 6,499 5,469 65,327 62,726 44,317 37,966 35,821
Ohio 16,726 91,679 495,595 814,579 891,110 981,874 929,379 1,045,418
Oklahoma 28,910 155,053 23,620 26,994 56,524
Oregon 2,073 296
Rhode Island 1,763 22
S. Carolina 11,608 59,688 154 15,550 37,647 x02,333 82,454 62,549
S. Dakota 10,507 13,808 41,343 63,484 59,157 58,150 56,524 60,000
Tennessee 264,167 394,469 524,300 580,227 373,391 246,713
Texas 38,142 207,152 362,243 454,502 341,682 216,607 247,384
Utah 500 26,358 2,409 226 358 427 485
Virginia 1,991 30,834 131,618 423,709 310,274 282,181 251,793 161,202
Washington 14,063 7,230 9,143 26,797 53,840 54,519 64,169 86,847
W. Virginia 692
Wisconsin 2,718 1,962 15,312 10,Z38 20,175 47,620 82,961
Wyoming 611 259 309 55 50 62 2,668 2,899

Total 497,222 2,259,046 5,420,464 7,807,285 8,004,442 8,137,683 6,911,871 6,736,682 b

Somn_

1980-1989: U.S. Department of Transportation, Federal Highway Administration, tti/hwav Ste.!istics 1989, Washington, DC, 1989,
Table MF-33GLA, p. 11, and annual.

1990: U.S. Department of Transportation, Federal Highway Administration, "Monthly Motor Fuel Reported by States, May 1991,"
Washington, DC, August 1991, Table MF-33GLA.

*'I'he data reflect gallons of gasohol reported by the distributors in each of the selected states. Blanks indicate data were not reported
for the state that year.

bpreliminary data.



5-13

Figure5.1.Gasohol Consumption ofSelectexlSlalx_19_Cs-90
ORNL-DWG92-5485
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CHAPTER 6

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 1989 (Table 6.1).

Air transportation still accounted for the largest share (42%) 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.

6-1
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Table 6.1
Nonhighway Energy Use by Mode, 1970-89'

(trillion Btu)

Nonhighway Transportation
Year Air Water Pipeline Rail energy use energy use b

1970 1,307 753 985 575 3,620 15,305
(8.5%) (4.9%) (6.4%) (3.8%) (23.7%)

1971 1,3o4 698 1,007 556 3,565 15,907
(.8.2%) (4.4%) (6.3%) (3.5%) (22.4%)

1972 1,314 703 1,039 614 3,670 16,949
(7.8%) (4.1%) (6.1%) (3.6%) (21.7%)

1973 1,.377 827 996 652 3,852 17,813
(7.7%) (4.6%) (5.6%) (3.7%) (21.6%)

1974 1,254 804 932 657 3,647 17,088
(7.3%) (4.7%) (5.5%) (3.8%) (21.3%)

1975 1,274 851 835 596 3,556 17,329
(7.4%) (4.9%) (4.8%) (3.4%) (20.5%)

1976 1,333 1,001 803 617 3,754 18.389
(7.2%) (5.4%) (4.4%) (3.4%) (20.4%)

1977 1,411 1,103 781 627 3,922 19,071
(7.4%) (5.8%) (4.1%) (3.3%) (20.6%)

1978 1,/gi7 1,311 781 628 4,187 20,035
(7.3%) (6.5%) (3.9%) (3.1%) (20.9%)

1979 1,568 1,539 856 656 4,619 20,1(11
(7.8%) (7,7%) (4.3%) (3.3%) (23.0%)

1980 _,528 1,677 889 645 4,739 19,317
(7.9%) (8.7%) (4.6%) (3.3%) (24.5%)

1981 1,455 1,562 899 627 4,543 19,065
(7.6%) (8.2%) (4.7%) (3.3%) (23.8%)

1982 1,468 1,2'90 853 581 4,192 18,589
(7.9%) (6.9%) (4.6%) (3.1%) (22.6%)

1983 1,505 1,187 738 574 4,004 18,728
(8.0%) (6.3%) (3.9%) (3.1%) (21.4%)

1984 1,633 1,252 780 520 4,185 19,310
(8.5%) (6.5%) (4.0%) (2.7%) (21.7%)

1985 1,678 1,311 758 501 4,248 19,659
(8.5%) (6.7%) (3.9%) (2.5%) (21.6%)

1986 1,823 1,295 738 487 4,343 20,229
(9.0%) (6.4%) (3.6%) (2.4%) (21.5%)

1987 1,894 1,326 775 496 4,491 20,704
(9.2%) (6.4%) (3.7%) (2.4%) (21.7%)

1988 1,978 1,338 878 512 4,706 21,278
(9.3%) (6.3%) (4.1%) (2.4%) (22.1%)

1989 1,981 1,.376 895 516 4,768 21,598
(9.2%) (6.4%) (4.1%) (2.4%) (22.1%)

Souroe:

See Appendix A for Table 2.10.

'Numbers in parentheses are percentages of transportation energy use.
bDcw..snot include off-highway and military transportation energy use.
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Section 6.1. Air

Air transportation activities can be categorized into two types: air carrier and
' 0

general aviation. General aviation aircraft serve a variety of purposes, such as business

and flight instruction, and include ali aircraft which 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 alm_astfive times as

manY hours as their counterparts in the air carrier category, the lower speeds and the

smaller loads of general aviation aircraft resulted in a significantly smaller share of total

aircraft energy use than the one by the air carrier fleet, 6.8% and 93.2%, respectively

(Tables 6.2 and 6.4).

More passengers and cargo traveled by certificated route air carrier in 1989 than

ever before. While aircraft miles increased by 2% from 1988 to 1989, revenue pa_enger-

miles and revenue cargo ton-miles increased by 2.2% and 11.6%, respectively. The

movement of cargo by air carriers has been rapidly growing, evidenced by the average

annual increase of 11.1% from 1982 to 1989. The passenger load factor increased to a

high of 63.3% in 1989, which was in part due to a decline in the number of available seats

per aircraft. The average passenger trip length for scheduled domestic services continued

to grow in 1989 to 792 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:

Carder Group Operating Rcwenue
(millions of dollars)

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 have more than doubled their revenue

aircraft miles, revenue passenger-miles, available seal. miles, and revenue cargo ton-miles

from 1982 to 1989. The energy use for international air carriers has not quite doubled in

this time period due to increased aircraft efficient,3,. The domestic carriers also

experienced an increase in ali types of activity from 1982 to 1989, but not as great an

increase as the international air carriers (Table 6.3).

Due to the increased efficiency of general aviation aircraft, their energy use

declined in 1989 (9.8%) even though the number of aircraft and the hours flown increased

4.5% and 4.2%, respectively, from 1988 to 1989 (Table 6.4).

_Operatingoutside the territory of the U.S., including Ol_crationsbetween the U.S. and foreign
countries, and the U.S. and its territories or posscssic_ns.



AIR-I
6-6



, 6-?



6.8



AIR-2
6-9



AIR-5
,.

6-10
J



6-11



6-12

Section 6.2. Water

Domestic marine traffic includes ali movements between points in the United

States, Puerto Rico, and the Virgin Llands. Ali movements between the United States

and foreign countries are classified as foreign traffic. Although declining since 1986,

domestic traffic still accounted for more than half of the total tons shipped in waterborne

commerce. The combined foreign and domestic tonnage in 1989 reached a record high of

2,140 million tons (Table 6.5).

The average length of haul for domestic waterborne commerce dropped in 1989 to

its lowest point since 1977. This decline in average length of haul, together with a decline

in tons shipped in 1989, resulted in a 8.3% decline in ton-miles. Despite these declines,

energy use for domestic waterborne commerce rose 2.3% from 1988 to 1989 (Table 6.6).

The commodities most ofte., moved by domestic commerce in 1989 were

petroleum and products (41.8%) and coal and coke (19.2%). The longest average haul

per ton for total domestic commerce in 198q was grain, which had an average of 1,072

miles (Table 6.7).
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OverI billiontons wereshippedin internationalwaterbornecommercein 1989. Domesticcommerceaccounted
for 51.5% of total tonnage,whichis only 0.5% above the lowestdomesticsharein 197Z

Table 6.5

Tonnage Sotisties for Domestic and
International Waterborne Commerce, 1970-89

(million tons shippea)

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 6.30 987 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%

Source:

U.S. Department of the Army, Corps of Engineers, Waterborne Commerce of the United States,
Calendar Year !989, Part 5: National Summaries, New Orleans, LA, 1991, p. 5.

aAll movements between the U.S. and foreign countries and between Puerto Rico and _irgin
Islands and foreign countries are classified as foreign trade.

bAll movements between U.S. ports, continental and noncontiguous, and on the inland rivers,
canals, and connecting channels of the U.S., Puerto Rico, and the Virgin Islands, excluding the
Panama 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 ah'o declined in 1989, the number of vessels and ener,dy use increased
slightly from 1988 to 1989.

II I II III II II I I IIIII IIIIIII I

Table 6.6

Summary Statistics for Dom_tic WatertK_rne Commcree, 1970-89

Average
length Energy

Number of Ton-miles Tons shipped of haul intensity Energy use
Year vessels' (billions) (millions)b (miles) (Btu/ton-mile) (trillion Btu)

, 1970 25,832 596 949 628.2 545 324.8
1971 26,063 593 944 628. l 506 _'R")0.0
1972 27,347 604 a85 612.8 522 315.1
1973 28,431 585 990 590.7 576 337.0
1974 29,328 586 979 5t_).1 483 283.3
1975 31,666 566 944 5.99.9 549 311.0
1976 33,204 592 976 606.3 4(_ 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 38,792 922 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 1,029 862.5 346 307.3
1985 41,672 893 1,011 883.5 446 398.6
1986 40,308 873 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 atllllJal percentage chwlge

1970-89 2.2% 1.7% 0.8% 0.9% -1.6% 0.1%
1982..89 -1.0% -1.2% 2.0% -3.1% 3.8% 2.6%

S_mrce_

19704',18Number of vessels - Per_mal communicatlcm with the U.S. Department of the Army,
Corps of Engineers, New Orleans, I.A, 1988.

1989 Number of vessels - U.S. l)epartment of the Army, Corps of Engineers, Watertx_rne Transrx)rtation Ht,es
of the United States, 1989, New Orleans, I.A, 1_)1.

1970.89 Ton.miles, tons shipped, average length of haul. U.S. I)epartment of the Army, Corps
of Engineers, Waterlx_rne Commerce o1"the I.Jniled States, C_dcndar' Year 1989, Part 5: National
Summaries, New Orleans, I.A, 1991, p. 89, and annual.

Energy Use - See Appendix A for Table 2.7.

"Grand total h)r self-propelled and nonsclf-propclled.
_/'hese 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

I III IIIIIIIIIIIIIII IIIIIIII " _ II III I 1_

Pipeline shipments of natural g,as, which were at the lowest point in 1986, continued to rise in

I989. The distance of petroleu;m transport by pipeline had increased only slightly Or 1988 as
evidenced by a 1% decrease in ions of petroleum transported and a 2% decrease in ton.miles.
The movement of crude petroleum (ton.miles) also declined in 1989, while the movement of
refined petroleum products stayed approximately the same,

III I I I I IIIIIIIII I III1[ IIII II •

Table 6.8

Pipeline. Shipments of Energy, 1972-89

Domestic Crude Retined petroleum
natural gas Total petroleum transported petroleum prcxlucts

consumption a (million (billion (billion (billion Energy useb
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 1.9,538 879 507 288 219 781.2
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 2.36 793.4
1980 19,8"/7 921 588 .%3 226 8:k8.5
1981 19,404 886 564 333 2.31 848.1
1982 18,001 897 566 335 2.31 798.8
1983 16,835 8_) 556 332 224 684.6
1984 17,951 917 568 333 Zq5 726.2
1985 17,281 918 564 334 Z3C) 704.7
1986 16,221 949 578 335 243 684.1
1987 17,211 _ 1 587 342 245 721.3
1988 18,030 989 607 356 251 824.0
1989 18,780 979 595 346 250 841.6

Average tmnual percentage change

1972-89 -1.0% 0.7% 1.3% 1.1% 1.6% 4).9%
1982-89 0.6% 1.3% 0.7% 0.5% 1.1% 0.7%

_mreea:
Natural gas consumption - U.S. Department of Energy, Energy Information Administration, .Natural Gas

Anqual 1989,Washington, DC, September I_X), p. 2, and annual.
Petroleum transport, crude petroleum, and refined petroleum pr_xlucts- Transix_rtation Policy As.,_clates,

Transportation in America, Eighth edition, Washington, I)(', l)eccmber ling) Supplement, pp. 6, 10.
Energy use - See Appendix A for Table 2.'7.

"Natural gas consumption ts the best available Indicator fc_rthe amount of natural gas transported by pipeline.
hRepresents energy use for natural gas, crude petroleum, and refined tx:trolcum pil:,cllnes,
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Section 6.4, Railroad

There were 15 railroad systems in 1989 which were designated by the Interstate

Commerce Commission (ICC) as Class I freight railroads (Table 6.9). This designation

was assigned on the basis of annual gross revenue of the raih'oad. A railroad whose

revenues were 92 million dollars or more in 1988 was designated as a Class I railroad in

1989. The threshold for 1989 was set wt93,5 million dollars. The Class I designation is

dropped if the railroad fails to meet the annual earnings threshold for three ¢xmsecutlve

years.

The revenue ton.miles h_r Class I freight railroads rose to over 1 trillion ton-miles

in 1989, due in part to the jump inaverage length of haul from 697 miles in 1988 to 723

miles in 1989. Although train-miles increased from 1988 to 1989, there were fewer cars

attached tc_each train resulting in (1) a Slight decline in c_r-miles in 1989, and (2) an

energy use increase of only 0.1% from 1988 to 1989. The number of Class I railroad

locomotives and freight cars have continued to decline since 1980.

The railroad freight industry experienced a 20,7% drop in its revenue carloadings

from 1974 to 1989. Over the past 15 years, coal has not only remained the major

commcxtity being hauled by the railroads, but its share of revenue carloads has also

increased by 24.8% from 1974 to 1989. The largest decline, on the other hand, has been

for metallic ores, which have dropped 72.6% during the period (Table 6.11).

Although the National Railroad Passenger Corporaticm (Amtrak) has reduced the

number of Ioc_mc_tivesand passenger cars in service in 1989, train-miles, car-miles, and

revenue passenger-miles continue thcir upward trend. The average trip length increased

by 9 miles in 1989 to 274 miles. As a result t_l"the increased activity, energy use increased

by 14.2% from 1988 tt_ 1989 (Table 6.12).

Rail transit operations experienced increases in vehicle miles and passenger trips in

1989 which resulted in passenger-miles reaching 12 billion for the first time since 1970.

Energy use increased only slightly fxc_m1988 tc_1989, possibly duc to imprcwement in

transit rail efficiency (Table 6,13).
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Table 6.9

Class 1 Railrtmd Freight Systems in the United Statt_
Ranked by Revenue Ton-Mllt.'s, 1989

Rcvcnuc
ton-miles

Railroad (millions) Percent

Burlington Northern Railroad C,)nlpany 232,527 22.9
Union Pacific Railroad 183,042 18,1
CSX Transportation, Incorporation 146,927 14,5
Norfolk Southern Corpa_ration 100,111 9.9
Atchison, Topeka and Santa Fe Railway 82,742 8.2
Consolidated Rail C_)rporation (Conrail) 82,125 8.1
Southern Pacific Transportation Company 69,382 6.8
Chicago and North Western Transportation Company 27,510 2.7
See Line Railroad 20,492 2.0
Illinois Central Railroad 17,311 1.7
St. I_x_uisSouthwestern Railway Company 17,026 1.7
Denver and Rio Grande Western Railroad 13,209 1,3
Kansas City Southern Railway 11,591 1,1
Grand Trunk Corporation 5,237 0.5
Florida East Ck)ast Railway 4,609 0,5

Total 1,013,841 100.0

Source:

Association of American Railroads, Analys_ls9f Class I Railroads 1989, July 1990, p. 163.
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I Although revenue carloadlngs have declined by 20% from 1974 to 1989, coal is still the commodity iwith the highest share of carload#zgs. Many commodities have drastically reduced rail shipments
from 1974 to 1989, _ach as metallic ores;prbnary metal products, and ft,vM.

II - I iii llll II llllI Iii I Illlllli I I IIII I I

Table 6.11

Railrtmd Rt,wenue Carlcmdlngs by Comm¢_lityGroup, 1'./74and 1989

Carloadl ngs 1989 Percentage
(thousands) Percent change

Commodity group 1974 1989 distribution 1974-89

Ck)al 4,544 5,672 26.7 24.8
Farm products 3,021 2,386 11.2 -21.0
Chemicals and allied products 1,464 1,497 7.1 2.3
Nonmetallic products" 821 53(1 2.5 .35.4
Food and kindred products b 1,777 68l 3.2 -61.7
Lumber and wood products ° 1,930 842 4.0 -56.4
Metallic ()res 1,910 523 2.5 -72.6
Stone, clay and glass 2,428 1,289 6.1 -46.9
Pulp, paper, and allied 1,180 615 2.9 -47.9
Petroleum and coke products 877 550 2.6 37.3
Primary metal products 1,366 480 2.3 -64.9
Waste and scrap material 889 444 2.1 -50.1
Transtx_rtation equipment 1,126 1,080 5.1 -4.1
Others 3,451 4,639 21.9 34.4

Total 26,78,1 21,228 100.0 -20.7

Sourcc_:

1974 - Association of American Railroads, Railroad Facts, 1976 Edition, Washington, DC, 1975,
p. 26.

1989 - Association of American Railroads, Railroad F_!cts, I_,_X)F_,ditlon,Washington, DC,
September 199(),p. 25.

'Nonmetallic products include crushed stone, gravel, sand, and other nonmetallic minerals.
bF(_)d and kindred products include grain mill products.
°Lumber and wood products include primary ft)rest prr)ducts.
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Figure 6.9. Distribution of Railroad Revenue Carloadings, 197,1and 1989
ORNL-DWGI 92-5466

Farm Products 11.2%
Coal 26,7%

Chemicals 7,1%

Nonmetalic products 2.5%
Food and Products 3.2%

Wood and Products 4.0%
_,'=_talicOres 2.5%

Stone, Clay, & Glass 6.1%

Ali Other 36.8%

1989

21,226,000 Revenue Carloadings

Chemicals 5.5% Farm Products 11,3%

Nonmetalic products 3.1%

Food and Products 6.6%//II" Coal 17.0%

Wood and Products 7.2%

Metalic Ores 7.1%

Stone, Clay, & Glass 9,1%
Ali Other 33.2%

1974

26,784,000 Revenue Carloadings

Source: See q'ablc 6 li
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APPENDIX A

SOURCF_

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 i
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List of Abbreviations Used in Appendix A

AAR Association of American Raih'oads

APTA American Public Transit Association

Amtrak National Railroad Passenger Corporation

Btu British thermal unit

DOC Department of Commex'ce

DOE Department of Energy
i

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 Mc,tor Vehicle Manufacturers Assc_ciation

NHTSA National Highway Traffic Safety Administratic,n

NPTS Nationwide Personal Transportation Study

ORNl, Oak Ridge National Laboratory

pmt passenger-miles traveled

REC,_q Residential Energy Consumption Survey

RTECS Residential Transportation Energy Consumption Survey

TIUS Truck Inventory and Use Survey

TPA Transportation Policy Associates

"FSC Transl_rtation Systems Center

vmt vehicle-milKs traveled
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'Fable 2.7
Domestic Consumption of Translx)rtation Energy by Mode

and Fuel Type, 1')89

Most of the source data were given in gallons, lt was converted to Btu by using the
conversion factors in Appendix B.

Highway

Automobiles

Total gallons of fuel taken from DOT, FHWA, Highway Statistics.'1989, Table VM-
I, p. 181. 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 Energy Consumption i9.88, March
l_.X), p. 65.

Motorc3,clc.'s

DOT, Ft lWA, l_lighwayStatistics 198%Table VM-1, p.181. For conversion
purposes, fuel for ali motorcycles was assumed to be gasoline.

Busc.-s

"D'ansit:
Diesel: APTA, !¢_X)Transit Fact Book, September I._,_X),Washington, DC,
p. 62.
Gasoline: Total gallons of gasoline used by transit vehicles taken from APTA,
19903'ransit FactBook, September I_X), Washington, DC, p. 62. According
to APTA's Research and Statistics Department, motor bus accounts for
approximately 5% of total transit gasoline use.

lntercity:
Estimate provided by Frank Smith, Transportation Policy Associates,
Washington, DC.

Sclux_l:

Estimate provided by Frank Smith, Transportation Policy Associates,
Washingtt)n, DC.

Trucks

'/Dta/."

Sum of light trucks and other trucks.
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L/#U Tmcka:
DOT, FHWA, l_JighwaySti!tisttcs 198% Table VM-1, p, 181, for single-unit, 2-
axle, 4-tire trucks. 96.6% of fuel assumed to be gasoline, 3.3% diesel, and
0.1% lpg; p_rcentage.,_were generated from the 1987 TIUS Public Use Tape.

Other Due_.ka:

DOT, FHWA, Highway Statistics !989, Table VM-l, p. 181. 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 L_tboratory,from the Public
Use Data Base, National Ener_ Accounts, DOC, OBA-NEA-10, August 1988.

Non-Highway

Air

General Aviation:

DOT, FAA, General Aviation Activity and Avionics Survey.;_Annual Summary
Report Calendar Year 1989, TableS.I, p. 5-6. Jet fuel wits converted from
gallons to Btu using 135,(X)0Btu/gallon (kerosene-type jet fuel).

Lkmw.stic and Imernati¢mal Air Carrier:.

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 wits divided in half to estimate
domestic fuel purchases ff)r internatic)nal flights.

Water

Freight:
Total - DOE, EIA, Fuel Oil and Kerosene Sales, 1989, p.40. 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 [bllows:
Distillate fuel- 77.5% domestic, 22,5% foretgn
Residual fuel- 9.3% domestic, 9(I,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,

Recreational Boating:
Fuel use by recreational boating was calculated using the methodology
developed by D. L. Greene in the report, .Off-ltigl_w!lyUse 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 ti_und In Boating Industry Magazine,
Annual Report, "The Boating Business 1989" (Whitney Communications, N.Y.
City). The total was the sum of inlxmrd, outboard and inboardkmtdrlve boats.

Pipeline

Natural Gas:

The amount of natural gas used to transport natural gas was defined as
"pipeline fuel" as reported in DOE, EIA, N_ltural Gas Annual 1989, Table 1,
p. 2. Cubic feet were converted to Btu using 1,031 Btu/ft3. Electricity use was
estimated using the fbllowing procedure as reported on p. 5-110 of J. N.
Hcx_ker et al,, End Use Energy 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 txmsumed was multiplied by a factor of 0,015.
From this computed wdue, 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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Crude petroleum and peUoleum lm'Muct:
J. N, l-It×_ker,_lne_ Consun.lg)tlcmand EITiciency, ORNL-5697,
ORNL, Oak Ridge, TN, 1981. (Latest available data,)

Coal slurry and water:.
W. F. Banks, Systems, Science and Sol'twtu'c, _.cl..!.igy_Consumptio, in the
.P.jpeline h!d_ust.h_,LaJolla, CA, October 1977. (l.atest llwdlable data,)

Rail

TotaL'

DOE, EIA, Fuel ()ii and Keroscne Sak,!_..19_9,p.4(). Adjusted sales of
deliveries of distillate t'uel oil for railroad.

, Freight:
Distillate fuel oil wits obtained by subtracting tt}talpassenger f'ucl use from
total distillate its reported by EIA,

Passenger:
Transit and CTommuter. AH'A, 1_.,_){)'l'rutlsitFact Book, September 1_X),

Washington, DC, p. 62. Transit was del'ined as the sum of "heavy rail"
and "ali other."

lntetz:ity - Sum of fuel used by Amtrak and Class I passenger trains. Source
for Amtrak was persCmalcommunication with the Coq_orate Accounting
Office of Amtrak, Washington, DC. Source for fucl use by Class I
passenger trains wits the AAR, Statistit:s of Cia:Is I Railroads 1989, July
ltY_), p. 157. Fuel use for Class I tmssctlgcr was derived its follows: fuel
use f'c_rpasscngcr locomt_tivc, including weighted lw.rcent of fuel h_r yard
switching. Diesel fuel consumed by wc_rkttaiil wits not included as ii.wits
considered to bc indirect energy.

Military Operations

Defense l.x_gisticsAgr:ni:y,Del't:nse Fuel Sul_ply f.'.cntcr, Fac.t l]¢_okFiscal Year
198____9_9,"Barrels illld Dollars [wA'Barrel," p. 34. For t',t'JllVeisitHlpurl_oSeS,estimates of
jet fuel I)urchases were 64% JP'I, 22% ,lP5, aI_.tt14% .1I'8, based on the breakdown
from "Petroleum l_r_curcment, ''p. 32. 'l'hc purr:bases wcrc tile best estimates
available fl)r fliel consunll)ticm, b()th dt)mcstit: anti al)rt)ad. An estimate ()1'(_.9%
was purc,hased in the Unitc'd States.
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Table 2.10

Transportation Energy Cxmsumptionby Mode, 1970-1989

Highway

Automobiles

Total gallons of fuel for automobiles was takc,n from DOT, FIiWA,
Statistics Summary_to 1985, Table VM-201A; and Table VM-1 in the 1986-89 annual
editions. Fuel for automobiles was distributed belween 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 Enert._,yConsumption
Survey: Consumption Patterns o( HOusehold Vehicles, June 1979 to
December 198!), 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_,y 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 Enerk,y Consumption Survey: Consumption Patterns of
Household V.chic!es, 198:_,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
Energy Consumption Survey: Consumption Patterns of Household
Vehicles 198.5,April 1987, pp. 25, 27.

1988-89 - 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 Energy Consumption 1988, March I_X), p. 65.

Motorcycles

Department of Transportation, Federal Highway Administration, Highway Statistics
Summary to 1985, Table VM-201A; and Table VM-1 in the 1986-89 annual editions.
For conversion purposes, fuel for ali motorcycles was assumed to be gasoline.

Buses

Sum of transit, intercity and school.
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Diesel- APTA, !990 Transit _FactBot_k,Septemix_r 1990, Washington, DC,
p. 62, and annual.

Gasoline. Total gallons of gasoline used by transit vehick,s taken from APTA,
.1L_ Trt_nsit Fact BcxLk,September 1_)0, Washington, DC, p. 62.
According to APTA's Research and Statistics Department, motor bus
accounts lhr approximately 5% of total transit gasoline use.

Imerr.i_:
1970-84- American Bus Asscx_iation,Annual Repor!, Washington, DC,

annual.

1985.86. Eno Translx_rtation Foundation, Transpc_rtatic_nin America,
Seventh edition, Washington, DC, p. 9.

1987-89. Personal communication with Frank Smith, TPA, Washington,
DC.

' Sd/o_"

1970-84. DOT, FHWA, [-lighwayStatistics 1984, Washington, DC,
Table VM-1, and annual.

1985-86 - DOT, Research and Special Programs Administration, National
Transportation Statistics, Figt re 2, p. 5, and annual.

1987.89. Personal communication with Frank Smith, TPA, Washington,
DC.

Trucks

L/SbrTmc_:
Defined as 2-_xle, 4-tire trucks. Total gallons of fuel was taken from DOT,
FHWA, .HighwayStatistics Summary to 1985, Table VM-201A, and Table
VM-1 of the 1986-89 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 was
distributed based on the 1987 TIUS: 96.6% gasoline; 3.3% diesel; and 0.1%
lpg.

Other Tracks:
Defined as the difference between total trucks and 2-axle, 4-tire trucks. Total
gallons of fuel was taken from DOT, FttWA, Highway Statistics Summary to
1985, Table VM-201A, and Table VM-1 of the 1986-89 annual editions.
Based on data from the 1982 TIUS Public Use Tape, fuel use tbr 1970-1987
was distributed among fuel types as follows: 39.6% gasoline; 59.4% diesel; and
1.0% lpg. Fuel use tk_r1988-89 was distributed based on the 1987 TIUS:
19.4% gasoline; 80.4% diesel; and 0.2% lpg.
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Total Highway

Sum of autos, motorcycles, buses, light trucks, and other trucks.

Non-Highway

Air
i

Sum of fuel use by General Aviation and Certificated Route Air Carrier.

General Aviation:
1970.74 - DOT, TSC, National Transportation Statistics, Cambridge, MA, 1981.
1975-85 - DOT, FAA, FAA Aviation Forecasts, Washington, DC, annual.
1985-89- DOT, FAA, General Aviation Activity and Avionics Suz'vey:Annual

Summary Report, Calendar Year 1989, Table 5.1, p. 5-6. Jet fuel was
converted from gallons to Btu using 135,000 Btu/gaUon (kerosene-type jet
fuel).

Certificated R_mte Air Cartier:.

1970-81 - DOT, Civil Aeronautics Board, Fuel Cost and Consumption,
Washington, DC, annual.

1982.89 - DOT, Research and Special Programs Administration, Data
Administration Division, "Fuel Cost and Consumption Tables;" amJual
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 h)r international
flights.

Water

Sum of vessel bunkering fucl (i.e., freight) and fuel used by recreational boats.

Freight:
Total - DOE, E1A, Fuel Oil and Kerosene Sales, 1989, p.40. Adjusted sales

of distillate and residual fuel oil for vessel bunkering.
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 tbr foreign trade were
subtracted from the EIA totals for residual and diesel deliveries Zo obtain
the value tk)rdomestic trade.

1989 - Total freight energy use was distributed as follows:
Distillate t'_tel- 77.5% domestic, 22.5% foreign
Residual fuel - 9.3% domestic, 90.7% foreign
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Percenlages were derived from the DOC, U.S. Foreign Trade, Bunker
Fuels, "Oil and Coal Laden in the U.S. on Vessels Engaged in Foreign
Trade," 1988. This report was discontinued in 1989.

Recreational Boating:.

1970-1984- DOT, FHWA, _H_.hw!_ys ta!istics, Washington, DC,
Table MF-24, annual.

1985-1989 - Fuel use by recreational boating was calculated using the
methodology developed by D. L. Grccnc in the report, Off-Highway Use
of Gasoline in the United States (DOT, FHWA, July 1986,

p. 3-22). Results from MeKIcl 1 in the report indicated an average annual
consumption of 205 gallons pcr boat. Tolal consur_ption in gallons was
then calculated using the following equation: To' al = 0.95 (GaLtboat)
(number of boats). An estimate of number of re_ reational boats in

operation was found in Boating Indust_gazine, Annual Report, 'The
Boating Business 1989" (Wlfitncy Communications, N.Y. City). The total
was the sum of inboard, outboard and inboard/outdrive boats.

Pipeline

Natural GtL_:

The amount of natural gas u,;ed to transport natural gas was defined as
"pipeline fucl" as reported in DOE, EIA, Natural Gas Annual 1989, Table 1,
p. 2. Cubic feet wcre converted to Btu using 1,.031 Btu/ft 3. Electricity use was
estimatcd using the following procedure as reported on p. 5-110 of J. N.
Hooker ct al., End Use Energy Con,_.umption DataBase: Transportation
Scctor. The energy consumption of a natural gas pipeline was taken to be the
energy content of the fucl used to drive the pumps. Some 94% of the

installed pumping horsetx_wcr was supplied by natural gas. The remaining 6%
of the horse power was generated more cfficicatly, mostly by electric motors.
The energy consumed by natural gas pipeline pumps that were electrically
powercd was not known. In order to estimate the electricity consumed, the
B:u of natural gas pipeline fuci consumed was multiplied by a factor of 0.015.

From this computed value, electricity ct'ficiency and generation loss must be
taken into account. The electricity energy use in Btu must be converted to

kWhr, using the c_mw:rsion factor 29.305 x lO s kWhr/Btu. Electricity
generation and distribution ct'ficicncy was 29%. When generation and
distribution efficiency are taken iato account 1 kWhr equals 11,765 Btu.

Crude petroleum anti petroh,um prrxluct:
J. N. Hooker, Oil Pipeline Ene_rg£ Consumt2_:ion and Efficiency, ORNL-5697,
ORNL, Oak Ridge, Tennessee, i981. (I.atcst available data.)
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coa/_ and watt.
W. F. Banks, Systems, Science and Software, E._nergyConsumption in the
Pipeline Industry, LaJolla, California, October 1977. (Latest available data.)

Rail

TotaL"
DOE, EIA, Fuel Oil and Kerosene Sales, !989, p.40, annual. Adjusted sales
of distillate fuel oil for railroad.

Fre/g_"
Distillate fuel oil was obtained by subtracting total passenger fuel use from
total distillate as reported by EIA.

Passenger.
Transit and Commuter - APTA, 1990 Transit Fact Book, September 1990,

Washington, DC, p. 62, 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 1989, July
1990, p. 157, annual. Fuel use for Class I passenger was deri_,ed as
follows: fuel use for passenger locomotive, includirg 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 2.12

Passenger Travel and Energy Use in the United State, 1989
q

Highway

Automobiles

Number of Vehicles - DOT, FHWA, Highway Statistics 1989, Table VM-1, p. 181.
Vmt - DOT, FHWA, Highway Statistics 1989, Table VM-1, p. 181.
Pmt - Calculated by ORNL (load factor times vmt).
Load Factor- DOT, FHWA, Office of Highway Information Managemeiat, 1990

NPTS, Public Use Tape, 1992.
Energy Use - Total gallons of fuel taken from DOT, FHWA, Highway Statistics

198..__..29,Table VM-1, p. 181. 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.

Personal Trucks

Number of l/ehicles - 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. Theretbre, 68.6% of
total 2-axle, 4-tire trucks (as reported by DOT, FHWA in Highway Statistics
1989, Table VM-1, p. 181) 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 1989, Table VM-1, p. 181) 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.

Pmt - 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,
FItWA in Highway Statistics 1989, Table VM-1, p. 181) 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 1989, Table VM-1, p. 181, 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 generated from the 1987
TIUS Public Use Tape.

m
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Other Trucks: DOT, FHWA, Highway Statist!cs 1989, Table VM-1, p. 181.
Total gallons tbr 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.

Motorcycles

Number of Vehicles and Vmt - DOT, FHWA, Highway Statistics 1989, Table VM-I,
p. 181.

Pmt - Calculated by ORNL as vmt multiplied by load factor.
Load Factor- DOT, TSC, National Transportation Statistics 1989, p. 23,

passenger-miles divided by vehicle miles.
Energy Use - DOT, FHWA, Highway Statistics 1989, Table VM-I, p.181. For

conversion purposes, fuel for ali motorcycles was assumed to be gasoline.

nu,st_

Transit:

Number of Vehicles, Vmt, Pint, and Energy Use - Motor bus only. APTA,
1990 Transit Fact Book, September 1990, Washington, DC, pp. 10, 11, 12.

Load Factor - Calculated by ORNL as pmt/vmt.

Inlercity:
Number of Vehicles - Estimated by ORNL as 18% of commercial bus

registrations, DOT, FHWA, Highway Statistics 1989, p. 20.
Pmr - Eno Transportation Foundation, Transportation in America, Ninth

Edition, Washington, DC, 1991, p. 47.
Energy Use - Personal communication with Frank Smith, TPA,

Washington, DC.

SchooL"

Number of Vehicles - School and other nonrevenue as reported in DOT,
FHWA, Highway Statistics 1989, p. 20.

Energy Use - Personal communication with Frank Smith, TPA, Washington,
DC.

Load Factor - Calculated by ORNL as pmt/vmt.
Pmr - National Safety Council, Accident Facts, 1990 Edition, Chicago, IL,

p. 70.
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Non-Highway

Air

Large Cenifmt Route Air Carriers:
Vmt. Revenue aircraft miles flown, DOT, FAA, FAA Statistical Handbook

of Aviation Calendar Year 1989, p. 6-4.
Pmr - Revenue pmr of domestic operations, scheduled and unscheduled,

DOT, FAA, FAA Statistical Handbook of Aviation Calendar Year 1989,
p. 6-4.

Load Factor - Calculated by ORNL as pmr/vint.
Energy Use. DOT, Research and Special Programs Administration, Data

Administration Division, "Fuel Cost and C_nsumption Tables;" annual
figures were obtained by summing monthly totals. Because the data tbr
international included fuel purchased abroad, the international total was
divided by two to estimate domestic fuel purchases for international
flights.

GeneralAviation:

Number of Vehicles, Vint, EnerAyUse - DOT, FAA, General Aviation Activity
and Avionics, Survey: Calendar Year 1989, pp. 2-8, 3-13, 5-6.

Pmr - Eno Transportation Foundation, Transportation in America, Eighth
'Edition, Washington, DC, p. 9.

Load Factor - Calculated by ORNL as pmt/vmt.

Recreational [k_ating

Number of Vehicles - Whitney Communications, Boating.,Industry_Magazine,
Annual Report, "The Boating Business 1989." Tl_e 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-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 I×)at. 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, "Ttle Boating Business 1989" (Whitney
Ck_mmunications,N.Y. City). The total was the sum of inboard, outboard and
inboard/outdrivc boats.
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Rail

Intercily:
Number of Vehicl.es,Vint and Pmt . Personal communication with the

Corporate Accounting Office of Amtrak, Washington, DC.
Load Factor- Calculated by ORNL as pmt/vmt.
Energy Use. 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 1989, July
1990, p. 157. Fuel use for Class I passenger was derived as fuel use for
passenger locomotive added to the weighted percent of fuel for yard
switching. Diesel fuel consumed by work train was not included as it was
considered to be indirect energy.

Transit and Commuter:.

Number of Vehicles, Vmt and Pmt - APTA, 1990 Transit Fact Book,
September 1_)0, Washington, DC, pp. 10, 11 and 12.

Load Factor- Calculated by ORNL as pint/vint.
Energy Use - APTA, 1990 Transit Fact Book, September 1990, Washington,

DC, p. 62. Transit was defined as the sum of "heavy rail" and "ali other."
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Table 2.13

Energy Intensities of Passenger Modes, 197(b89

In reference to translxmaticm, the energy intensity of a mode is the ratio of the
energy inputs to a pre,tess to a measure of the useful outputs from that process; for
example, Btu per pmt or Btu per ton-mile. The energy intensity ratios in Table 2.14
were calculated for each passenger mode using the following data sources:

Highway

Automobiles

Vmt - DOT, FHWA, Highway Statistics Summary to 1985, Table VM-201A, and
Table VM-I of the 1987-89 editions.

Pint- vmt times 1.7 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-1 in the
1986-89 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 retx)rted 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 Energy Consumption Survey:
Consumption Patterns of Househc_ld Vehicles, Supplement: January 1981
to Septem.bcr 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/.,,yConsumption 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 Markcts and End Use, Residential Transportation Ener_
Czmsumption Survey: Consumption Patterns of Household Vehicles
198___._5,April 1987, pp. 25, 27.

1.988-89 - 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 Enert.,y Consumption 1988, March 1990, p. 65.

Buses

Trattvit:

Vint and Pmt - APTA, 1990 Transit Fact Bc_ok,September 1990, Washington,
DC, pp. 55, 56, and annual.

Energy Use - Diesel: APTA, lC,_X)Transit Fact Boc)k,September 1990,
Washington, DC, p. 62, and annual.
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Gasoline: Total gallons of gasoline used by transit vehicles taken from
APTA, 1_)0 Transit Fact Book, September 1990, Washington, DC, p. 62.
According to APTA's Research and Statistics Department, motor bus
accxmnts for approximately 5% of total transit gasoline use.

lntercity:
Pint - 1970-84 - American Bus Association, Annual Report, Washington, DC,

annual.

1985-89- Eno Transportation Foundation, Transportation in America,
Ninth edition, Washington, DC, 1991, p. 47.

Energy Use - 1970-1984 - American Bus Association, Annual Report,
Washington, DC, annual.
1985-86 - Eno Translx_rtation Foundaticm, Tr!|nsportaticm in America,
Seventh eciition, Washington, DC, p. 9.
1987-89 - Personal communication with Frank Smith, TPA, Washington,
DC.

School:
Vmt. 1970-84 - DOT, FHWA, !tighway Statistics 1984,Washington, DC, Table

VM-1, p. 175, and annual.
1.985-87- DOT, TSC, National Transpc_rtation Statistics, 1989, Figure 2,
p. 7, and annual.
1.988-89- National Safety Cx_uncil,Accident Facts, 1990 Edition,
Chicago, IL, I_.71, and annual.

Energy Use - 1970-1984 - DOT, FHWA, I-lighway Statistics 1984, Washington,
DC, Table VM-1, and annual.
1985-86 - DOT, "[_C, National Transportaticm Statistics, Figure 2, p. 5,
and annual.
1987-89 - Persc_nalcommunication with Frank Smith, TPA, Washington,
DC.

Non-Highway

Air

Certificated Air Carriers:
Pmt - DOT, FAA, FAA Statistical Handbc_ok of Aviatiofi, Calendar Year

1989, Washington, DC, l_)i, p. 6-4, and annual.
Energy Use - 197(.)-81- DOT, Civil Aeronautics Board, Fuel Cost and

Consumpticm, Washington, DC, annual.
:1982-89- I)OT, 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 halt' to estimate domestic fuel purchases for international
flights.
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GeneralAviation."
Pmt - Eno Transl×_rtatlon Foundation, Transportation In America_,Ninth

edition, Washington, DC, 1991, p.47.
Energy Use - 1970-74 - DOT, 'FSC, N!ltional Transportation

SIatist!cs,Cambridge, MA, 1981.
1975-85 - DOT, FAA, FAA mvi!dion Forecasts, Washington, DC, annual.
1985-89 - DOT, FAA, General Aviation Activity and Avion.ics Survey:
Annual Summat3, Report 1988 Data, Table 5.1, p. 5-6. Jet fuel was
converted from gallons to Btu using 135,(_) Btu/gallon (kerosene-type jet
fuel).

Rail

P_senger (Amtrak ):
Pmt - 1971-83 - AAR, Statistics of Class I Railroads, Washington, DC, annual.

1984-88 - AAR, Railro_td Facts, 1988 Edition, Washington, DC,
December 1989, p. 61, and annual.
1989 - Personal comxnunication with the Corporate Accounting Office of
Amtrak.

Energy Use. 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 1989, July 1990,
p. 157, annual. Fuel use for Class I passenger was derived as h_llows:
fuel use for passenger locomc_tive,including weighted percent of fuel for
yard switching. Diesel fuel consumed by work train was not included as it
was c_msidered to be indirect energy.

Trans/t:

Pmt .. APTA, 1990 Transit Fact Book, September I_X), Washington, DC,
p. ll.

Ene_ Use - Transit and Commuter - APTA, I_X) Transit Fact Book,
September 1990, Washington, DC, p. 62, annual. Transit was defined as
the sum of "heavy rail" and "ali other."



A-19

Table 2.14
Intcrcity Freight Movement anti Energy Use in the

Unitexl States, 1989

Highway

Trucks

Vehicles - 7.5% of total 2-axle, 4-tire trucks (as reIx_rted by DOT, FHWA in
Highway Statistics 1989, Table VM-1, p.181) anti 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.

Vint - 13.7% c)['total vehicle miles traveled by 2-axle, 4-tire trucks (as reported by
DOT, FHWA in ]-lighway Statistics 1989, Table VM-1, p.181) 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. En() Transportatk)n
Foundation, Transportation in Americ_, Ninth Edition, Washington, DC,
pp. 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 !-!ighwayStatistics 1989, Table VM-I, p.181) 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 l..ines of the United Star.cs, 1989, New Orlt_ans, LA, 1991.

Ton Miles, Tons Shipped, and Average Length of ttaul . U.S. Department of the
Army, Corps of Engineers, Waterborne Commerce of the United States,
Calendar Year _8_99,Part 5: National Summaries, New Orleans, LA, 1990,
p. 89.

Ener_ Intensity - Energy use divkled by ton miles.
Energy Use - DOE, EIA, Fuel Oil and Ker0senc Salcs_), p.40. Adjusted sales

of distillate and residual l'uel oil for vessel bunkering.
Domestic freight energy use was calculated as:

Distillate fuel- 77.5% domestic, 22.5% foreign
Residual fuel .. 9.3% domestic, .c_).7%t'orcign

...J"
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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.

Plpelilm

Natural Gas:

Tons shipped. DOE, EIA, Natural G!!s Annual 1989, Washington, DC, 1990,
p. 2. Total natural gas disposition divided by 44,870 ft3/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
198.......29,Table 1, p. 2. Cubic feet were converted to Btu using 1,031 Btu/l't3.
Electricity use was estimated using the h_llowing procedure its reported
on p. 5-110 of J. N. Hooker et al., End Use Energy Consumption
DataBase: Transportation Sector. The energy ccmsumption of a natural
gas pilmline wits 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 it 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 29.3()5 x 10_ kWhr/Btu. Electricity
generation and distribution efficiency was 29%. When generation and
distribution.efficiency are taken into account, 1 kWhr equals 11,765 Btu.

Crude Oil and Pettrdeum Pr¢Muct:

Ton Miles and Tons Shil2ped - Eno Transportaticm Foundation, Transportation
in Americ!l, Ninth Edition, pp. 44, 46.

Coal Slurry. Ton Miles, Tons Shipped, and Average Length of Haul: DOT,
Transport of Solid Commodities via Freight PiPelines, Freight pipeline
Tectmc_log_,Vol. 11, Washington, DC, 1976, p. 6.

Enerl_ Use - W. F. R_nks, Systems, Scnence, and Sottware,'' • Inc.,
Consumptic_n in the Pipeline Industrx, LaJc_lla,CA, 1977.
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R_

Vehicles, Vint, Ton Miles, Tons Shipped, Average Length of Haul. AAR, Railroad
.F.]Lq_,1990 Edition, Washington, DC, September 1990, pp. 27, 33, 34, 36,
48, 50.

Enet_ Use. Distillate fuel oll was obtained by subtracting total passenger fuel use
from total distillate as reportext by EIA.
Total- DOE, EIA, Fuel O11and Kerosene Sales, 1989, p. 40. Adjusted sales
of distillate fuel oil for railroad.
Passenger- Transit and Commuter - APTA, 1990 Transt! Fact Book,
September 1990, Washington, DC, p. 62. Transit was defined as the sum of
"heavy rail" and "ali other." Interclty -'Sum of fuel used by Amtrak and Class I
passenger trains. Source tbr 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 1989, July
19_X),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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Table2.15

EnergyIntensitiesofFreightMcxlcs,i(.Y/0-89

In reference to translx_rtation, 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 pmt or Btu per ton-mile. The energy intensity ratios in Table 2.16
were calculated for each freight mode using the followiilg data sources:

Highway

Trucks

Vmt. DOT, FHWA, Highway Statistics Summary t() 1985, Table VM-201A, and
Table VM-1 of the 1987-89 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 truces. Total gallons of fuel
was taken from DOT, FHWA, Highway Statistics Summary to 1985, Table
VM-201A, and Table VM-1 of the 1986-89 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 1988-89 was distributed based on the 1987 TIUS: 96.6% gasoline;
3.3% diesel; and 0.1% lpg.
Other Trucks - Defined as the difference between total truces 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 1986-89
annual editions. Based on data from the 1982 TIUS Public Use Tape, fuel use

¢ 0 I

for 1970-1987 wits distributed among fuel types as follows: 39.6% gasoline;
59.4% diesel; and 1.{.)%lpg. Fuel use for 1988-89 wits distributed based on the
1987 TIUS: 19.4% gast)line; 80.4% diesel; and 0.2% lpg.

Non-Highway

Wamr

Ton Miles. U.S. Department of the Army, Ck_rpsof Engineers, Waterborne
Commerce of the United States, Calendar Year 1989_,Part 5: National
Summaries, New Orleans, LA, 1_1, p. 89, and annual.

Ener_ 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, !98__),p.40. Adjusted sales
of distillate and residual fuel oil for vessel bunkering.
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Domestic and Ft_reign - 1970-88- DOC, U.S. Foreign Trade, Bu_!ker Ft.tels,
"Oil and Coal IAiden 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 tbr residual and
diesel used by foreign vessels and American vessels for foreign trade were
subtracted ft'ore the EIA totals tbr residual and diesel deliveries to obtain
the value for domestic trade.
1989 -Total l'reight energy use was distributed as lbllows:
Distillate fuel- 77.5% dornestic, 22.5% h_reign
Residual fuel- 9.3% domestic, _).7% foreign
Percentages were derived from the DOC, U.S. Foreign Trade, Bunk....._er
Fu_.._els,"Oil and Coal l.aldcn in the U.S. on Vessels Engaged in Foreign
Trade," 1988, This retx_rt was discontinued in 1989.

Rail

Freight Car Miles atm Ton Miles .. AAR, Railroad F.:lcts, 1990 Edition, Washington,
DC, Septenlbcr IC_X),pp. 27, 36, and annual.

Energy Use - Distillate fuel oil was obtained by subtracting tt)tal passenger fuel use
from total distillate as reported by EIA.
Total - DOE, EIA, Fuel ()ii and Kerosene Sales, 1989, p. 40. Adjusted sales
of distillate fuel oil for railroad.

Passenger -Transit and C¢)mnautcr - AP'I'A, 19_X)Transit Fact Book,
September 1990, Washingt_n, DC. p. 62. Transit was defined as the sum of
"heavy rail" and "ali c_thcr." Inlcrcity - Sum of fuel used by Amtrak and Class I
passenger tl'aitl'_. St_urcc I'of Amtrak was personal communication v,'ith the
Accounting Division of Amtrak, Washington, DC. Source for fuel use by
Class ! passenger trains was the AAR, Statistics of Class I Railroads 1989, July
1_)_), p. 157. f:ucl use for Class I passenger was derived as follows: fuel use
for passenger locon_t_tivc,including weighted percent of fuel for yard
switching, l)icscl fuel consumed by work train was not included as it was
considered to bc indirect encl'gy.
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Table 33

Vehicle Stock, New Sales and New Registrations
in the United States, 1989 C._dendar Year

Highway

Automobiles

Vehicle Stock:

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 DataBase,

Washington, DC. Market shares for the years 1976-1988 were found in Linda
S. Williams and Patricia S. Hu, Highway Vehicle MPG and Market Shares
Report: Model Year 1.990, 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 tc) calculate the total mix
for 1989. This method assumed that ali vehic,les, large and small, were

scrapped at the same rate.

Sales:

Domestic, import, and total sales were from MVMA, Facts and Figures '91.,
p. 15. The domestic sales were distributed by size class according to the

following percentages: Two seater, 0.5%; Minicompact, 0%; Subcompact,
9.9%; Compact 36.1%; Midsize, 34.4%; and Large, 19.1%. The import sales
were distributed by size class according to the foXlowing percentages: Two-
seater, 3.9%; Minicompact, 0.8%; Subcompact, 4'i,'.0%; Compact, 36.1%;
Midsize, 11.8; 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.

New Registrations:

Domestic - qhe number of registrations for new automobiles was derived as
follows: new car registrations by make (as reported in H. A. Stark (ed.),
Ward's C_mrnunication, Inc., 1991 Ward's Automotive Yearbook, Detroit,

MI, p_ 235), were classit_ed by ORNL into EPA size classes. Totals
included Federal Governmc_A registrations. Van registrations were not
included.

Import - Calculated by ORNL as the difference between total and domestic.

Total- MVMA, Facts and Figures '91, p. 20.
See Glossary for def'mition of Autonu)bile Size ClassiJ'wations.
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Fleet

Fteaso/"tenor

Stock and Registrations - E. J. Bobit (ed.), Bobit Publishing Company,
Automotive Fleet Fact Book, Redondo Beach, CA, 1991, pp. 16, 22.
Vehicle stock was exlual to the sum of business fleets 25 or more,
business fleets 10-24, individually leased, 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 - domestic 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 1989, Table VM-1 p. 181.
Sales and Registrations - MIC, 1990 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 ali terrain vehicles for on and off highway
use. Import was the difference between total sales (p. 12) and domestic (p.
13).

Recreational Vehicles

Sales - Recreation Vehicle Industry Association, 1989... The Year in Review, p. 4,
'Total Shipments."

Trucks

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, 2.3%; 19,501-26,000 lbs, 1.7%; 26,001
lbs and over, 4.1%) to the total number of trucks in ,ase as reported by R. L.
Polk and Company (FURTHER REPRODUCTION PROHIBITED).

Sales- MVMA, Facts and Figures '91, p. 19.
Registrations - H. A. Stark (ed.), Ward's Communications, Inc., 1990 Ward's

Automotive Yearbook, Detroit, MI, p. 244.
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The Fuel Economy Gap for Ali Automobiles and Light Trucks in Operation

Methodology

The gaps were calculated using composite fuel economy data for ali automobiles and
trucks. When composite fuel economy data were not available, the fuel economy was
calculateg by harmonically weighting the fuel economy by vehicle miles of travel (vmt).
The formula used to perform this calculation hs:

where

CMPG = the comtx_site mpg
i = the model year of representation (i.e., year model was manufactured)
a = the first model year data point within the data set
z = the last model year data point within the data set, the measurement year

mpg = the model year mpg
yVMT = the model year vmt in year z
tVMT = the total vmt in year z (sum of ali model year vmt).

To calculate the model year vmt, average annual miles per vehicle by age from
RTECS and vehicles in operation by model year from R.L. Polk and Company were used
in ali cases except the NHTSA/TIUS gap comparison, where TIUS data were used instead.

Once the composite fuel economy data were calculated, they were applied to the gap
formula:

GAP .-- (ON-ROAD MPG)-(TESTED MPG)
(TESTED MPG)

In the calculation of the automobile gaps, both on-road fuel economies (FHWA and
RTECS) were already composite. The tested composite fuel ec_nomies were calculated
separately for each comparison using the CMPG formula.

The first light truck gap was calculated using a NHTSA tested fuel economy compared
against the FHWA on-road luel economy. This gap is higher due, in part, to the fact that
FHWA's composite fuel economy includes sc_metrucks over 8,500 lx_unds GVW. The
second light truck gap was calcul_ited using NHTSA tested fuel economy compared with
RTECS on-road fuel economy.
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For the third light truck gap, TIUS fuel economy data by model year were
harmonically averaged using class 1 (0-6,0(X)lbs. GVW) and 72 percent of class 2 (6,001-
10,000 lbs. GVW) vmt data. TIUS data showed that approximately 72 percent of class 2
vmt were accounted for by trucks less than 8,500 pounds GVW. The NHTSA and TIUS
model year fuel economy data were then harmonically averaged using the TIUS total vmt
data to get composite fuel economy used to estimate this gap.

Source"

Maples, John D., and Philip D. Patterson, "The Fuel Economy Gap for Ali Automobiles
and Light Trucks in Operation," Washington, DC, 1991.



APPENI IXB
CONVERSIONS

A Note About Heating Values

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 tbrmulae 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 tile 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 manufacturing process. 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. "llae 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 process is

the higher (gross) heating value. If the prcxlucts of combustion are cool_ to the initial

fuel-air temperature, but the water is considered to remain as a vatx_r, the energy released

by the process 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) = 128,7(X)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)

Gasohol 120,900 Btu/gal (gross) = 112,417 Btu/gal (net)

Aviation gasoline 120,2(X)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/gal (net)

Jet fuel (naphtha) 127,500 Btu/gal (gross) = 118,700 Btu/gal (net)

Jet fuel (kerosene) 135,000 Btu/gal (gross) = 128,1(X)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 rthad oil 158,0(X)Btu/gal (gross) = 157,700 Btu/gal (net)

Petroleum coke 143,4(X)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 138,1(X)Btu/gal (gross) = 131,800 Btu/gal (net)

Fuel Oils

Residual 149,7(X)Btu/gal (gross) = 138,4(X1Btu/gal (net)
Distillate 138,70() Btu/gal (gross) = 131,8(X)Btu/gal (net)

Coal

Anthracite 23.2(_ X 10 6 Btu/short ton
Bituminous and lignite 21.772 x 106 Btu/short ton
Proxtuction average 21.776 X 10 6 Btu/short ton
C_)nsumption average 21.2(gi x 106 Btu/short ton
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Table B.2

Fuel Equivalents

1 million bbl/day crude oil = 0,3650 billion bbl/year crude oil
= 5,800 trillion Btu/day
= 2.11,7quadrillion Btu/year
- 90,09 million short tons coal/year
= 2,074 trillion ft3natural gas/year
= 22,33 x 1011MJ/year

1 billion bbl/year crude oil = 2.740 million bbl/day crude oil
= 15.89 trillion Btu/day
= 5.800 quadriUion Btu/year
= 246.8 million short ton coal/year
= 5,68 trillion ft3/yearnatural gas/day
= 61,19 x 10I1MJ/year

1 trillion Btu/day = 172.4 thousand bbl/day crude oll
= 62.93 million bbl/year crude oil
= 0.3650 quadrillion Btu/year
= 15.53 million short lons coal/year
= 357.5 billion ft3 natural gas/year
- 38.51 x 10l° MJ/year

1 quadrillion Btu/year = 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 ft3natural gas/year
= 10.55 x 1011MJ/year

1 billion short tons ct)al/year = 11.10 million bbl/day crude oil
= 4.052 billion bbl/year crude oil
= 64.38 trillion Blu/day
= 23.50 quadrillion Btu/year
= 23.02 trillion ft3 natural gas/year
= 24.79 x 10_2MJ/year

1 trillion ft3 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 ct_al/yoar
= 10.77 x 10_ MJ/year

1 mega joule/year = 44.78 x 1()s bbl/day crude oil
= 16.34 x 10_ bbl/ycar crude oil
= 2,597 Btu/day
= 947.9 Btu/year
= 4,034 x 10s short tons ct)al/year
= 0.9285 ft3 natural gas/year
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Table B.3
Energy Unit Conversions

1 Btu = 778,2 ft-lb 1 kWhr = 3412 Btu'

= 107,6 kg-m = 2,655 x 1CPft.lb

= 1055 J = 3,671 x I0_ kg-m

= 39.30 x 10"shp-h = 3,600 x l& J

= 39,85 x 10.5 metric hp-h = 1,341 hp-h

= 29.31 x 10s kWhr = 1,360 metric hp-h

1 kg-m = 92,95 x 10.4 Btu 1 Joule = 94,78 x 10.5 Btu

= 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 10s hp-h

= 37,04 x 10 .7 metric hp-h = 37,77 x 10.8metric hp-h

= 27.24 x 10 .7 kWhr = 27,78 x 10-8kWhr

1 hp-h = 2544 Btu 1 metric hp-h = 2510 Btu

= 1.98 x 106ft-lb = 1,953 x 10_ ft.lb

= 2.738 x 106kgm = 27.00 x 10 4 kg-m

= 2,685 x 106J = 2.648 x 10_ J

= 1,014 metric hp-h = 0.9863 hp-h

= 0.7475 kWhr = 0,7355 kWhr

_l"his figure does not take into account the fact that electricity 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 and Velocity Conversions

lill. =83,33X10 "aft l ft = 12,0 in,

= 27.78 x 10.3yd = 0,33 yd

= 15,78 x 10_ mile = 189.4 x 10.3mile

= 25.40 x 10"am = 0.3_ _ m

= 0.2540 x 10_ km = 0.3048 x 10"akm

1 mile = 63360 in, 1 km = 39370 in.

= 528O ft = 3281 ft

= 1760 yd = 1093.6 yd

= 1609 m = 0.6214 mile

= 1.609 km - 1000 m

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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Table B.5
Volmnc and Flow Rate Convcrslon_"

1 U,S, gal = 231 in,_ 1 liter = 61,02 lh,3

= 0,1337 ft_ = 3,531 x 10"zft3

= 3,785 liters = 0,2624 U,S, gal

= 0,8321 imperial gal = 0,22(X)Imperial gal

= 0.0238 bbl - 6.29 x 10.3bbl

= 0,003785 m3 = 1,(X)ms

A U.S. gallon of gasoline weighs 6.2 pounds

1 imperial gal = 277.4 lh,3 1 bbl = 9702 in?

= 0,1606 ft3 = 5,61.5ft3

= 4,54.5liters = 158,97 liters

= 1,201 U,S, gal = 42 U.S, gal

= (),()286bbl = 34.97 imperial gal

= 0.0(_546 m3 = 0.15897 m3

1 U,S, gal/hr = 3.2()9 ft3/day .- 1171 ft3/year

= 90.84 liter/day = 33157 liter/year

= 19.97 imperial gal/day = 7289 imperial gal/year

= 0.5712 bbl/day = 207,92 bbl/year

For Imperial gallons, multiply abtwe walut,','sby 1.201

1 liter/hr = 0.8474 ft3/day = 309.3 ft3/year

= 6.298 U.S. gal/day = 2299 U,S, gal/year

= 5,28 imperial gal/day = 1927 imperial gal/year

= 0.1510 bbl/day = 55.10 bbl/year

1 bbl/hr = 137.8 ft3/year = 49187 ft3year

= 1008 U,S. gal/day = 3,679 x l0 s U.S, gal/year

= 839.3 imperial gal/day = 3.063 x 1()5 imperial gal/year

= 3815 liter/day = 1.393 x 106liter/day

Whe conversions lhr flow rates are identical to those for volume measures, if the time units
are identical.
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I_1o B,8
Fuel Etlkiency Conversions"

MPG Miles/liter Kllometers_ L/100 kilometers _

10 2.64 4.25 23.52
15 3.96 6.38 15.68
20 5.28 8.50 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.
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Table B.9
Sl Prefixes and Their Values

Value Prefix Symlx_l

One million million millionth 10"ta atto a
One thousand million millionth I0"t3 ferule f

One million millionth 10"tz pico p
One thousand millionth 10.9 nano n

One millionth 106 micro la
One thousandth 10.3 milli m
One hundredth 10.2 centi c
One tenth 10't decl
One 10°
Ten 1()_ deca
One hundred 102 hecto
One thousand 103 kilo k

One million l(_ mega M
One billion' 10 9 giga G
One trillion' l()tz tera T

One quadrillion' 1()t5 peta P
One quintillion' 1()TM cxa E

'Care should be exercised In the use of ttds nomenclature, especially In foreign _)rrc.spon_h:nce,
as it is either unknown or carries a different value in other countries, A "billion," for example,
signifies a value of 10_2in most other countries.
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Table B.IO
Metric Units and Abbreviations

Quantity Unit name Symbol

Energy joule J
Specific energy joule/kilogram J/kg
Specific energy consumption joule/kilogram • kilometer J/(kg• km)
Energy consumption joule/kilometer J/km
Energy economy kilometer/kilojoule km/kJ
Power kilowatt Kw

Specific power watt/kilogram W/kg
Power density watt/meted W/m3
Speed kilometer/hour km/h
Acceleration meter/second 2 m/sz

Range (distance) kilometer km
Weight kilogram kg
Torque newton, meter N om
Volume meter _ m3

Mass; payload kilogram _ kg
Length; width meter m
Brake specific fuel consumption kilogram(joule kg/J
Fuel economy (heat engine) liters/l_) km L/100 km
Air pressure
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Conversion of Constant Dollar Values

Many types of information in this data book are expressed in dollars. Generally,

constant dollars are used--that is, dollars of a timedvalue for a specific year, such as 1988

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 cxmstant current pulse for 30 seconds at no

less than 2/3 of the maximum 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
carriers, air taxis (including commuters), supplemental air carriers, 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 capacity of 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 tk_llows:

Majors - over $1 billion
Nationals - $1(X)-I,(X)0million

Large Rcgionals - $10-99.9 million

Medium Regionals - $0-9._) 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 tcrritories 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 _tir carriers. Supplemental air carriers are often
referred to as nonscheduled air carriers or "nonskeds".

G-1
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Amtrak. See Rail.

Automobile _izc _::las_i_ications - Size:,classifications of automobiles are

establi",l_)_! b_/_,the Environmental Protection Agency (EPA) as follows:
' ', /,, f_ _ /

Sub_.:_:mq_aCt----betw_,cn_ 8,5 to l(X) cubic feet of passenger and luggage volume.

Compact - between I(X) to 110 cubic feet of passenger and luggage volume.

Midsize - between 110 to 120 cubic ['ect of passenger a_0 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 ibr the sedan of the same name.

Aviation - See General aviation.

Aviation gasoline - Ali special grades ol, gasoline for use in aviation reciprocating engines,

as given in the American Society tbr 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 arc finished components in the

gasoline range which will I)e used l'or blending or compounding into aviation gasoline.

Barges- Shallow, nt)nself..prcq_cllcd vessels used to carry bulk commodities on the rivers and
the Great Lakes.

Battery efficient,'y- Measured in percentage. Net D(_ energy delivered on discharge, as a

percentage of the total I)C energy required to restore the initial state-of-charge. The

cfficicncy value intist include energy k)sscs rcsulting from self-discharge, cell

cqualizatkm, thermal loss ct)ml)cnsati()n , and ali battery-specific auxiliary equipment.

Btu- The arnt_ulat t_f cncrgy required to raise the tenapr,r,x:,_tc_r¢._of 1 pound of water 1

degree Fahrenheit at or near 39.2 degrees F'ahrcnl',_,,it. ,.\r( average Btu content of
tucl is the ht:at value pcr quantity _t' t'ucl as dctcrmil._c,.d t'c¢,_intests of fuel samples.

Bunker - A sit)rage tank.

Bunkerir_g fuels - l:ucls storc',d in ship bunkers.
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Bus-

Intercity 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 tbr 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.

Trolk.3¢coach: Rubber-tired electric transit vehicle, manually-steered, propelled by
a motor drawing current, normally through overhead wires, from a central power
source not on board 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 (C'O) - 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-l,nile (railroad) - A single railroad car moved a distance of one mile.

Cars9 ton-mile - See Ton-mi&.

Cerlificate_l route air carriers - See Air carriers.

Cl_s I freight railroad - Sce Rail

Clean Fuel Vehicle- Vchicle meeting the clean fucl vhcicle cxhaust emissions standards with

no restriction on fuel type.
J
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Coal slurry- Finely crushed coal mixed with sufficient water to form a fluid.

Combination truelm - 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 "tractor trailer".

Commercial r,eetor - See Residential and Commercial sector.

Commuter railroad - See Rail.

Compact ear- 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 Indc_ (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, lt

represents the cost of a typical consumption 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.

Corlx_rate Average Fuel F_xxmomy(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 tbr 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 atmc_spheric pressure after passing through surface
separating facilities.
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Crude oil imports - The volume of crude ()ii imported into the 50 States and the District
of Columbia, including imports from U.S. territories, but excluding imports of crude

oil into the Hawaiian Foreign Trade 2'x)ne.

Current dollars - Represents dollars current at tile 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".

Dislx)sablc personal income - Sue 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 tbr on-

and off-highway diesel engines, and railroad diesel fuel.

l_)_tic air operator - See Air carrier.

Ek_mestic water transportation - See hzternal water transportation.

Electric utilities sector - Consists ot! 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 dicsel trucks.

Energy capacity - Measured in kilowatt hours. The energy delivered by the battery, when

tested at C/3 discharge rate, up tc) termination of discharge specified by the battery
manufacturer. The required accelcratic)n power must be delivered by the battery at

any point up to 80% ()t' the battery's energy capacity rating.

Phmrgy efficiency - In ,ct'crence tr) transi)()rtation, the inverse of energy intensiveness: the
ratio of outputs'+from a process tc) the energy inputs; t'()rexample, miles traveled per

gallon ()f fucl (mpg).

Energy intelusity - In reference to transp_)rtati()n, the ratio ()t"energy inputs to a process to

the useful outputs t'()rm that process; for example, gallons ()1'fuel per passenger-mile

or Btu per tc)n-mile.
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F'vted operating cost - See Operating cost.

Fleet vehicles -

Private fleet vehiclc,'s: 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 minimum number
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 freight - 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 Zxme is included.

Gas Guzzler Tax - Originates fi'om the 1978 Energy Tax Act (Public Law 95-618). A new

car purchaser is required to pay the tax if the car 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.

Gasoline- 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 wdue 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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Oroas vehicle weight (gvw) - The weight of the empty vehicle plus the maximum anticipated

load weight.
_, ,

Heavy-heavy thick- See Truck size classifications.

Household - Cxmsists of all 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 living quarters. 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 (HL-")- 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.

Inc, ome -

Disposable personal intx)me: Personal income less personal tax and non-tax

payments.

National income - The aggrcgate 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 sector- Cx_nstruction, manufacturing, agricultural and mining establishments.

Intereity bus - See Bus.
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Internal water translx_rtation. Includes ali local (intraport) traffic and traffic between ports

or landings wherein the entire movement takes piace on inland waterways. Also
termed internal are movements involving carriage on both inland waterways and the

water of the Great Lalkes, and inland movements that cross short stretches of open

water that link inland systems.

International air operator - See Air carT"iea'.

International freight- See Foreign freight.

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 electa'icity in gas turbines.

Kerosene-type 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 degreea

centigrade. Used primarily as fuel for commercial turbojet and turboprop aircraft
engines, lt 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 degt'ees API and 10% to 90% distillation temperatures of 117 to 233

degrees centigrade used for turbojet and turboprop aircraft engines, primarily by the

milita .ry. Excludes ramjet and petroleum.

Kert_zne - A petroleum distillate iri the 300 to 500 degrees Fahrenheit boiling range and

generally having a fiash point highcr than I(X)degrees Fahrenheit by the American

Society of Testing and Material (ASTM) Method I)56, a gravity range from 40 to 46

dcgrees API, and a burning point in the range of 150 to 175 degrees Fahrenheit. lt
is a clean-burning product suitable for use as an illunlinant when burned in wick

lamps. Includes gradcs of kerosene called hinge oil having properties similar to

Number 1 fucl oil, but with a gravity of abc_ut 43 degrees API and an end point of

625 dcgrccs F_lhrcnheit. Used in space heaters, cooking stcwes, and water heaters.

Kert_,ene-type jet fuel - See Jet fuel.

Large car - Sue A uttmzot_ilesize classiJ'tcati_tzs.

Light duty vehicles .. Aut_mtt_t_ilcsand light Irucks ctmd)ined.
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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).

Light-heavy truck. See Truck size classifications.

IJquifled petroleum gas (lpg) - Consists of propane and butane -nd Is usually derived from

natural gas. In locations where there ts no natural gas and the gasoline consumption
is low, naphtha is converted to lpg by catalytic reforming.

Ixmd factor - A term relating the potential capacity of a system relative to its actual

performance. Is often calt:ulated as total passenger miles divided by total vehicle
miles.

Low-enfission vehicle - A clean fuel vehicle meeting the low-emission vehicle standards.

Medium truck - See Truck size classifications.

Midsize ear - See Automobile size classifications.

Minieompaet ear- See Automobile size classifications.

Mode_, 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 _el.

Natkmal income- See Income.
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Nationwide Personal Transportation Study (NVI'S) - 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 tbr 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 oll in natural
underground reservoirs at reservoir conditions.

Nitrogen Oxides (NO=)- A product of combustion of fossil fuels whose production increases
with the temperature of tI_eprocess, lt can become an air pollutant if concentrations
are excessive.

Operating cost -

F'med operating amt: 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 tbr 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 Gisthe cost of gas and cii,
tires, and other maintenance.

Organization tbr Petroleum Exporting Countries (OPEC) - Include,a Saudi Arabia, Iran,
Venezuela, Libya, Indonesia, United Arab Emirates, Algeria, Nigeria, Ecuador,
Gabon, Iraq, Kuwait, and Qatar. Data tbr 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 tire 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 Rail, "Amtrak" and "Transit Railroad".
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Personal Consumption Expenditures (PCE) - As used in the national accounts, the market

value of purchases of goods and services by individuals and nonprofit institutions and
the value of food, clothing, housing, and financial 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.

Petrolemn 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 primary stocks at the beginning of the period

and then subtracting the exports and the primary stocks at the end of the period.

Petroleum exports - 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, phmt 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 re.fining 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 cl_,.ssifiedas 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, 10_. 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.

Class I freight railroad: Defined by the Interstate Commerce Commission each year

based on annual operating revenue. For 1988, the threshold for Class I railroads was

$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 adjacent 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 railroad: Includes "heavy" and "light" transit rail. Heavy transit rail is

characterized byexclusive rights-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 exclusive 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 tbr personal vehicles, lt
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
AS'lM 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 purposes.

Rural- Usually refers to areas with population less than 5,000.

Sal_-weighted miles per gallon (mpg) - Calculation of a composite vehicle fuel economy
based on the distribution of vehicle sales.

Serappage 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 h_ur 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 aazeleration power - Measured in watts per kilogram. Acceleration power divided
by the battery system weight. Weight must include the total batter3, system.

Specific energy - Measured in watt hours pc kilogram The rated energy capacity of the

battery divided by the total battery syst_:mweight.

Subcompact ear - See A utomobUe size classifications.

Supplemental air carrier - Scc Air can'ier.
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Ton-mile - The movement of one ton of freight the distance of one mile. Ton-miles are

cox.iputed by multiplying the weight in tons of each shipment transported by the
distance hauled.

Transmission types-
A3 - Automatic three speed

A4 - Automatic four speed

A5 - Automatic five speed
L4 - 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 1%3,
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 Light Truck.)

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, fotu'-tire truck- See Single-unit truck.

Two seater car- See Automobile size classifications.
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Ultra-low emi_ion 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 operating cost - See Operating cost.

Vehicle-miles traveled (vint) - 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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Characteristics of Selected High-Occupancy Vehicle (HOV) I!
Facilities, 1989" (3-78)
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Facilities, 1989" (3-79)
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the NPTS* (4-16)
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1977, 1983, and 1990 Series of the NPTS* (4-18)
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Summary Statistics on Demographic Characteristics and Total
Travel, 1969, 1977, 1983, and 1990 Series of the NPTS* (4-12)

Number of Households by Vehicles Owned 1969, 1977, 1983, and
1990 Series of the NPTS* (4-14)
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for Selected Trip Purposes, 1969, 1977, 1983, and 1990 Series of
the NPTS* (4-16)
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1977, 1983, and 1990 Series of the NPTS* (4-18)
Distribution of Journey-to-Work Trips by Usual Mode, 1969, 1977,
1983, and 1990 Series of the NPTS* (4-20)
Commuting Patterns of Journey-to-Work Trip by Mode 1969, 1977,
1983, and 1990 Series of the NPTS* (4-21)
Distribution of Vehicles by Age, 1969, 1977, 1983, and 1990
Series of the NPTS* (4-26)
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1969, 1977, 1983, and 1990 Series of the NPTS* (4-28)
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Distribution of Annual Miles by Driver Age and Sex, 1969, 1977,
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Carrier Group, Scheduled and Nonscheduled Services, 1982 and
1990' (6-9)

Sex

Distribution of Annual Miles by Driver Age and Sex, 1969, 1977,
1983, and 1990 Series of the NPTS* (4-30)
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1976-90' (3-34)
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Single
Summary Statistics for Other Single-Unit Trucks, 1970-89" (3-40)
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Electric Utility Energy Input by Source, 1973-1990" (2-10)
Distribution of Energy Consumption by Source, 1980 and
1990" (2-9)

Speed
Fuel Economy by Speed, 1973 and 1984" (3-66)
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Average Urban and Rural Interstate Speeds, 1970-89 _ (3-68)

Standards
Corporate Average Fuel Economy (CAFE) Standards Versus
Sales-Weighted Fuel Economy Estimates for Automobiles and Light
Trucks, 1978-91" (3-60)
Exhaust Emission Standards for Clean-Fuel Vehicles in the
California Pilot Test Program* (3-74)
California Air Resources Board Standards* (3-75)

Statistical
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1970-90" (2-33)
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Summary Statistics for Passenger Cars, 1970-89" (3-22)
Summary Statistics for Two-Axle, Four-Tire Trucks,
1970-89" (3-38)
Summary Statistics for Other Single-Unit Trucks, 1970-89" (3-40)
Summary Statistics for Combination Trucks, 1970-89" (3-42)
Summary Statistics for Trucks by Size Class and Fuel Type, 1977,
1982, and 1987" (3-48)
Summary Statistics on Demographic Characteristics and Total
Travel, 1969, 1977, 1983, and 1990 Serie: of the NPTS* (4-12)
Summary Statistics for General Aviation, 1970-89 _ (6-10)
Tonnage Statistics for Domestic and International Waterborne
Commerce, 1970-89" (6-13)
Summary Statistics for Domestic Waterborne Commerce,
1970-89" (6-14)
Summary Statistics for Class I Freight Railroads,
1970-89" (6-22)
Summary Statistics for the National Railroad Passenger
Corporation (Amtrak) 1971-89" (6-26)
Summary Statistics for Rail Transit Operations, 1970-89" (6-28)
Summary Statistics for Domestic and International Certificated
Route Air Carriers (Combined Totals), 1970-89" (6-6)
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Vehicle Stock, New Sales and New Registrations in United States,
1989 Calendar Year* (3-7)
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Summary Statistics for Passenger Cars, 1970-89" (3-22)
Summary Statistics for Two-Axle, Four-Tire Trucks,
1970-89" (3-38)
Summary Statistics for Other Single-Unit Trucks, 1970-89" (3-40)
Summary Statistics for Combination Trucks, 1970-89" (3-42)
Summary Statistics for Trucks by Size Class and Fuel Type, 1977,
1982, and 1987" (3-48)
Summary Statistics on Demographic Characteristics and Total
Travel, 1969, 1977, 1983, and 1990 Series of the NPTS* (4-12)
Summary Statistics for General Aviation, 1970-89" (6-10)
Summary Statistics for Domestic Waterborne Commerce,
1970-89" (6-14)
Summary Statistics for Class I Freight Railroads,
1970-89" (6-22)
Summary Statistics for the National Railroad Passenger
Corporatlon (Amtrak) 1971-89" (6-26)
Summary Statistic _ for Rail Transit Operations, 1970-89" (6-28)
Summary Statistics for Domestic and International Certificated
Route Air Carriers (Combined Totals), 1970-89" (5-6)

Surface
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1985" (1-21)
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Scrappage and Survival Rates for Automobiles, All Trucks, and
Light Trucks* (3-12)
Scrappage and Survival Rates for Automobiles* (3-14)
Scrappage and Survival Rates for All Trucks* (3-16)

Systems
Class I Railroad Freight Systems in the United States Ranked by
Revenue Ton-Miles, 1989" (6-21)

Tax
Tax Receipts from the Sale of Gas Guzzlers, 1980-89" (3-62)
The Gas Guzzler Tax on New Cars, 1980-91" (3-64)
i%del Year 1990 Cars Subject to Gas Guzzler Tax* (3-65)
State Tax Exemptions for Gasohol* (5-11)

Technology.
Advanced Battery Technology Goals of the U.S. Advanced Battery
Consortium* (5-7)

Tire
Summary Statistics for Two-Axle, Four-Tire Trucks,
1970-89" (3-38)

TIUS
Truck Gasoline and Diesel Consumption by Major Use, 1977, 1982,
and 1987 TIUS* (3-45)

Ton
Class I Railroad Freight Systems in the United States Ranked by
Revenue Ton-Miles, 1989" (6-21)
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Tonnage
Tonnage Statistics for Domestic and International Waterborne
CommerCe, 1970-89 * (6-13)

Tota I s
Summary Statistics for Domestic and International Certificated
Route Air Carriers (Combined Totals), 1970-89" (6-6)

Tb'affi c
Traffic Data for Large Certificated Route Air Carriers by
Carrier Group, Scheduled and Nonscheduled Services, ].982 and
1990" (6-9)

Transit
Summary Statistics for Rail Transit Operations, 1970-89" (6-28)

Transport
Inland Surface Transport of Passengers for Selected Countries,
1985" (1-21)

Transportation
Load Factor by Modes of Transportation, 1970 and 1987" (I-23)
Domestic Consumption of Transportation Energy by Mode and Fuel
Type, 1989_ (2-13)
Distribution of Domestic Consumption of Transportation Energy by
Mode and Fuel Type, 1989" (2-14)
Transportetion Energy Use by Mode, 1989" (2-16)
Transportation Energy, Consumption by Mode, 1970-89" (2-17)
Prices for Selected Transportation Fuels, 1978-90 * (2-27)
Gross National Product (GNP) as Related to Transportation
1970.,90" (2-31)
Personal Consumption Expenditures (PCE) as Related to
Transportation, 1970-90" (2-32)
Statistical Indices as Related to Transportation,
1970-90" (2-33)
Transportation' s Contribution to U.S. Emissions, 1978-89" (3-73)
Basic Chemistry of Various Transportation Fuels* (5-8)

Travel
Passenger Travel and Energy Use in the United States,
1989" (2-20)

Automobiles in Operation and Vehicle Travel by Age of Vehicle,
1990" (3-21)

Trucks in Operation and Vehicle Travel by Age of Vehicle,
1990" (3-33)
Estimates of the Mumber of Trucks and Vehicle Miles of Travel
(VMT) for Trucks Greater than 10,000 Pounds and Operating in
Interstate Commerce, 1967-89" (3-44)
Passenger and Vehicle Travel by Bus Type, 1970-89" (3-50)
Mode of Travel by Trip Purpose, 1990" (4-11)
Summary Statistics on Demographic Characteristics and Total
Travel, 1969, 1977, 1983, and 1990 Series of tile NPTS* (4-12)

Traveled

Highway Vehicle Miles Traveled by Mode, 1979-89' (3-5)
Travelers

Demographic Characteristics of Auto/Truck/Recreational Vehicle
(RV) and Air Travelers, 1988-90"(4-8)
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Trip

Mode of Travel by Trip Purpose, 1990" (4-11)
Average Annual VMT, Vehicle Trips and Trip Length per Household
for Selected Trip Purposes, 1969, 1977, 1983, and 1990 Series of
the NPTS* (4-16)

Average Vehicle Occupancy for Selected Trip Purposes, 1969,
1977, 1983, and 1990 Series of the NPTS* (4-18)
Commuting Patterns of Journey-to-Work Trip by Mode 1969,1977,
1983, and 1990 Series of the NPTS* (4-21)
Distribution of Trips for Ali Modes by Trip Purpose and
Round-Trip Distance, 1974, 1983, and 1990" (4-9)

Trips

Average Annual VMT, Vehicle Trips and Trip Length per Household
for Selected Trip Purposes, 1969, 1977, 1983, and 1990 Series of
the NPTS* (4-16)

Distribution of Journey-to-Work Trips byUsual Mode, 1969, 1977,
1983, and 1990 Series of the NPTS* (4-20)
Distribution of Journey-to-Work Trips by Household Income and
Mode, 1990" (4-23)

Distribution of Journey-to-Work Trips by Age and Mode,
1990" (4-24)

Distribution of Journey-to-Work Trips by Distance and Mode,
1990" (4-25)
Distribution of Trips for Ali Modes by Trip Purpose and
Round-Trip Distance, 1974, 1983, and 1990" (4-'9)

Truck

Truck and Bus Registrations for Selected Countries,
1950-89" (I-4)

New Retail Domestic Truck Sales by Gross Vehicle Weight,
1970-90" (3-30)

Truck Gasoline and Diesel Consumption by Major Use, 1977, 1982,
and 1987 TIUS* (3-45)

Truck Fuel Economy by Size Class, 1977, 1982, and 1987" (3-46)
Demographic Characteristics of Auto/Truck/Recreational Vehicle
(RV) and Air Travelers, 1988-90" (4-8)

Trucks

Average Age of Automobiles and Trucks in Use, 1970-1990" (3-10)
Scrappage and Survival Rates for Automobiles, Ali Trucks, and
Light Trucks* (3-12)
Estimates ot the Number of Trucks and Vehicle Miles of Travel
(VMT) for Trucks Greater than 10,000 Pounds and Operating in
Interstate Commerce, 1967-89" (3-44)

Percentage of Trucks by Size Class, 1977, 1982, and 1987" (3-46)
Summary Statistics for Trucks by Size Class and Fuel Type, 1977,
1982, and 1987" (3-48)
Corporate Average Fuel Economy (CAFE) Standards Versus

Sales-Weighted Fuel Economy Estimates for Automebiles and Light
Trucks, 1978-91" (3-60)

Federal Emission Control Requirements for Automobiles and Light
Trucks, 1976-94" (3-70)

Federal Emission Control Requirements for Heavy-Duty Gasoline
Trucks, 1976-94" (3-71)

Federal Emission Control Requirements for Heavy-Duty Diesel
Trucks, 1976-94" (3-72)
Automobiles and Trucks in Use, 1979-1980" (3-8)
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Trucks
Scrappage and Survival Rates for Ali Trucks* (3-16)
New Retail Sales of Light Trucks in the United States,
1970-90" (3-28)
Trucks in Use by Age, 1970 and 1990" (3-31)
Trucks in Operation and Vehicle Travel by Age of Vehicle,
1990" (3-33)
Model Year Sales, Market Shares, and Sales-Weighted Fuel
Economies of New Domestic and Import Light Trucks, Model Years
1976-90" (3-34)
Summary Statistics for Two-Axle, Four-Tire Trucks,
1970-89" (3-38)
Summary Statistics for Other Single-Unit Trucks, 1970-89" (3-40)
Summary Statistics for Combination Trucks, 1970-89" (3-42)

Unit

Summary Statistics for Other Single-Unit Trucks, 1970-89" (3-40)
United

Passenger Travel and Energy Use in the United States,
1989" (2-20)
Intercity Freight Movement and Energy Use in the dnited States,
1989" (2-23)
United States Petroleum Production and Consumption, 1970-90" (2-4}
New Retail Automobile Sales in the United States* (3-18)
New Retail Sales of Light Trucks in the United States_
1970-90" (3-28)
Vehicle Stock, New Sales and New Registrations in United States,
1989 Calendar Year* (3-7)
Class I Railroad Freight Systems in the United States Ranked by
Revenue Ton-Miles, 1989" (6-21)

Urban

Average Urban and Rural Interstate Speeds, 1970-89" (3-68)
Usual

Distribution of Journey-to-Work Trips by Usual Mode, 1969, 1977,
1983, and 1990 Series of the NPTS* (4-20)

Utility
Electric Utility Energy Input by Source, 1973-1990" (2-10)

Vanpool
Morning Peak Direction Bus, Vanpool, and Carpool Ridership and
Vehicle Volume on Selected High-Occupancy Vehicle (HOV)
Facilities, 1989" (3-79)

Vapor
Reid Vapor Pressure of Various Alcohol/Ether/Gasoline
Blends* (5-9)
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Vehicle

Annual Miles per Vehicle for Selected Countries, 1984-89" (I-17)
Automobiles in Operc, tion and Vehicle Travel by Age of Vehicle,
1990" (3-21)
New Retail Domestic ,Truck Sales by Gross Vehicle Weight,
1970-90" (3-30)
Trucks in Operation and Vehicle Travel by Age of Vehicle,
1990" (3-33)
Estimates of the Number of Trucks and Vehicle Miles of Travel
(VMT) for Trucks Greater than 10,000 Pounds and Operating in
Interstate Commerce, 1967-89" (3-44)
Highway Vehicle Miles Traveled by Mode, 1979-89" (3-5)
Passenger and Vehicle Travel by Bus Type, 1970-89" (3-50)
Vehicle Stock, New Sales and New Registrations in United States,
1989 Calendar Year* (3-7,)
Characteristics of Selected High-Occupancy Vehicle (HOV)
Facilities, 1989" (3-78)
Morning Peak Direction Bus, Vanpool, and Carpool Ridership and
Vehicle Volume on Selected High-Occupancy Vehicle (HOV)
_acilities, 1989" (3-79)
Average Annual VMT, Vehicle Trips and Trip Length per Household
for Selected Trip Purposes, 1969, 1977, 1983, and 1990 Series of
the NPTS* (4-16)
Average Vehicle Occupancy for Selected Trip Purposes, 1969,
1977, 1983, and 1990 Series of the NPTS* (4-18)
Average Annual Miles per Vehicle by Number of Vehicles Owned,
1969, 1977, 1983, and 1990 Series of the NPTS* (4-28)
Average Annual Miles per Vehicle by Number of Vehicles of Adults
in Household, 1977, 1983, and 1990 Series of the NPTS* (4-29)
Population and Vehicle Profile, 1950-90" (4-3)
Average Annual Miles per Vehicle by Household Vehicle Ownership,
1990" (4-31)
Demographic Characteristics of Auto/Truck/Recreational Vehicle
(RV) and Air Travelers, 1988-90" (4-8)

Vehicles

Vehicles per Capita for Selected Countries, 1950-89" (I-6)
Federal Government Vehicles by Agency, Fiscal Year 1988' (3-59)
Exhaust Emission Standards for Clean-Fuel Vehicles in the
California Pilot Test Program* (3-74)
Possible Fuel/Vehicles for Clean-Fuel Vehicles* (3-76)
Number of Households by Vehicles Owned 1969, 1977, 1983, and
1990 Series of tile NPTS* (4-14)
Distribution of Vehicles by Age, 1969, 1977, 1983, and 1990
Series of the NPTS* (4-26)
Average Annual Miles per Vehicle by Number of Vehicles Owned,
1969, 1977, 1983, and 1990 Series of the NPTS* (4-28)
Average Annual Miles per Vehicle by Number of Adults
in Household, 1977, 1983, and 1990 Series of the NPTS* (4-29)

VMT
Estimates of the Number of Trucks and Vehicle Miles of Travel
(VMT) for Trucks Greater than I0,000 Pounds and Operating in
Interstate Commerce, 1967-89" (3-44)
Average Annual VMT, Vehicle Trips and Trip Length per Household
for Selected Trip Purposes, 1969, 1977, 1983, and 1990 Series of
the NPTS* (4-16)
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Morning Peak Direction Bus, Vanpool, and Carpool Ridership and
Vehicle Volume on Selected High-Occupancy Vehicle (HOV)
Facilities, 1989' (3-79)

Waterborne
Tonnage Statistics for Domestic and International Waterborne
Commerce, 1970,-89' (6-13)
Summary Statistics for Domestic Waterborne Commerce,
1970-89' (6-14)

Weight
New Retail Domestic Truck Sales by Gross Vehicle Weight,
1970-90" (3-30)

Weighted
Model Year Sales, Market Shares, and Sales-Weighted Fuel
Economies of New Domestic and Import Automobiles, Model Years
1976-1990" (3-26)
Model Year Sales, Market Shares, and Sales-Weighted Fuel
Economies of New Domestic and Import Light Trucks, Model Years
1976-90' (3-34)
Corporate Average Fuel Economy (CAFE) Standards Versus
Sales-Weighted Fuel Economy Estimates for Automobiles and Light
Trucks, 1978-91" (3-60)

Work

Distribution of Journey-to-Work Trips by Usual Mode, 1969, 1977,
1983, and 1990 Series of the NPTS* (4-20)
Commuting Patterns of Journey-to-Work Trip by Mode 1969, 1977,
1983, and 1990 Series of the NPTS* (4-21)
Distribution of Journey-to-Work Trips by Household Income and
Mode, 1990" (4-23)
Distribution of Journey-to-Work Tri ps by Age and Mode,
1990" (4-24)
Distribution of Caurney-to-Work Tri ps by Di stance and Mode,
1990" (4-25)

Years

Model Year Sales, Mal'ket Shares, and Sales-Weighted Fuel
Economies of New i]omesLic and Import Automobiles, Model Years
1976-1990" (3-26)
Model Year Sales, Market Shares, and Sales-Weighted Fuel
Economies of New Domestic and Import Light Trucks, Model Years
1976-90' (3-34)

Yield
Refinery Yield of Petroleum Products from a Barrel of Crude Oil,
1978-90" (2-3)
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