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FOREWORD

This edition has many new tables and graphs. | would like to draw your attention to several
of them.

First, Table 1.1 and Figure 1.1 show an estimate of the total potentia for fossil fuels. All the
vaues are expressed in trillion of barrels of oil equivaent (tboe). The table shows that the world has
consumed 0.8 1 tboe of conventional oil since oil wasfirst discovered. The remaining conventional
oil is more than double this amount. The potential for other fossil fuels are enormous. Remaining
unconventional oil is about eight times that for conventional oil. The amount of conventional and
unconventional natural gas is about four time that for conventional oil. The potential for coal and
methane hydrates is even higher by alarge amount. Thereis no shortage of fossil fuels, but the U.S.
may need fuels that are renewable, domestic and low in carbon.

Second, in Chapter 6, the scrappage functions have been up-dated.

Third, safety information is provided in Tables 7.23 through 7.25. It is seen that occupant
fatalities are down since 1975 and that single vehicle crashes are responsible for about 60 percent
as many deaths as multiple vehicle crashes.

Fourth, the heavy truck information in Chapter 8 has been enhanced with the addition of
1997 data from the Vehicle Inventory and Use Survey.

| hope you find this edition useful.

Gaity A Potianr
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ABSTRACT

The Transportation Energy Data Book: Edition 20 is a statistical compendium prepared and
published by Oak Ridge National Laboratory (ORNL) under contract with the Office of
Transportation Technologies in the Department of Energy (DOE). Designed for use as a desk-top
reference, the data book represents an assembly and display of statistics and information that
characterize transportation activity, and presents data on other factors that influence transportation
energy use. The purpose of this document is to present relevant statistical datain the form of tables
and graphs. The latest editions of the Data Book are available to a larger audience via the Internet
(www-cta.ornl.gov/data'tedb.htm).

This edition of the Data Book has 12 chapters which focus on various aspects of the
transportation industry. Chapter 1 focuses on petroleum; Chapter 2 — energy; Chapter 3 —
greenhouse gas emissions; Chapter 4 — criteria pollutant emissions; Chapter 5 -transportation and
the economy; Chapter 6 -highway vehicles; Chapter 7 — light vehicles; Chapter 8 -heavy vehicles,
Chapter 9 — dternative fuel vehicles, Chapter 10 — fleet vehicles, Chapter 1 1 — household vehicles,
and Chapter 12— nonhighway modes. The sources used represent the latest available data. There are
also three appendices which include detailed source information for some tables, measures of
conversion, and the definition of Census divisons and regions. A glossary of terms and a title index

are also included for the readers convenience.
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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 Nationd Laboratory (ORNL)
to prepare a Transportation Energy 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 Divison 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 20.

Policymakers and analysts need to be well-informed about activity in the transportation sector.
The organization and scope of the data book reflect the need for different kinds of information. For
this reason, Edition 20 updates much of the same type of data that isfound in previous editions.

In any attempt to compile a comprehensive set of datistics on transportation activity, numerous
ingtances 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 to document the estimation procedures. The attempt is to provide
sufficient information for the conscientious user to evaluate the estimates and to form their 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 where data accuracy is
known or substantial errors are strongly suspected in the data, the reader is aerted. In all 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 endorses the validity of these data.
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Chapter 1
Petroleum

Summary Statistics from Tables/Figures in this Chapter

Source

Table1.2  World Oil Production, 1998
U.S Oil Production (million barrels per day)
U.S. Share

Table 1.3 World Oil Consumption, 1997
U.S Oil Consumption (million barrels per day)

U.S Share
Figure 1.2  Refinery yield, 1999 OECD
Europe
Gasoline 21.3%
Diesel fuel 34.9%
Residual fuel 17.0%
Kerosene 6.7%
Other 20.1%

Table 1.9 U.S. transportation oil use as a percent of U.S. oil production, 1999
Table 1.9 Net imports as a percentage of U.S. oil consumption, 1999
Table1.10  Transportation share of oil consumption, 1999

6.2
9.3%

18.6
25.5%

North
America

40.8%
22.0%
7.6%
8.9%
20.7%
146%
50%

67%
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Although the world 4as consumed about one-third of estimated conventional oil resources, the total fossil fuel

potential is huge. Methane hydrates-u potential source of natural gas-are not shown in the graph below, but
congtitute the largest resource at 137.5 trillion barrelsof oil eguivalent.

Table 1.1
World Fossil Fuel Potential
(trillion barrels of oil equivalent)

Additiona
Oil Reserves Resources occurrences

Oil

Use to Date 0.81

Conventiona 1.10 1.06 0.00
Unconventional 1.34 2.46 13.37
Natural Gas

Conventiona 1.03 2.05 0.00
Unconventional 141 1.89 2.84

Methane hydrates 0.00 0.00 137.50
Coal 7.35 17.57 20.86
Sour ce:

H.H. Rogner, “An Assessment of World Hydrocarbon Resources,” Annual Review of Energy
and Environment, 1997, p. 249.

Figure 1.1. World Fossil Fuel Potential
4] Additional occurances ﬂ Resources D Reserves . Qil

45,78

Trillion barrels of oil equivalent

Qil use Conv. oil Unconv. oil Conv. NG Unconv. NG Coal

Sour ce:
See Table 1.1.
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Table1.2
World Crude Oil Production, 1960-98*
(million barrels per day)

Total Persian
United U.S. Total OPEC OPEC +° Non- Gulf
Year States Share OPEC” Share  OPEC +° Share OPEC nations? World
1960 7.04 33.5% 8.70 41.4% 12.25 58.3% 12.29 5.27 20.99
1965 7.80 25.7% 14.35 47.3% 19.83 65.4% 15.98 8.37 30.33
1970 9.64 21.0% 23.30 50.8% 31.16 67.9% 22.59 13.39 45.89
1971 9.46 19.5% 25.21 52.0% 33.58 69.2% 23.31 15.77 48.52
1972 9.44 18.5% 26.89 52.6% 35.69 69.8% 24.25 17.54 51.14
1973 9.21 16.5% 30.63 55.0% 39.82 71.5% 25.05 20.67 55.68
1974 8.77 15.7% 30.35 54.5% 40.24 72.2% 25.37 21.28 55.72
1975 8.37 15.8% 26.77 50.7% 37.56 71.1% 26.06 18.93 52.83
1976 8.13 14.2% 30.33 52.9% 41.87 73.0% 27.01 21.51 57.34
1977 8.24 13.8% 30.89 51.7% 43.09 72.2% 28.82 21.73 59.71
1978 8.71 14.5% 29.46 49.0% 42.46 70.6% 30.70 20.61 60.16
1979 8.55 13.6% 30.58 48.8% 44,12 70.4% 32.09 21.07 62.67
1980 8.60 14.4% 26.61 44.6% 41.07 68.9% 32.99 17.96 59.60
1981 8.57 15.3% 22.48 40.1% 37.46 66.8% 33.60 15.25 56.08
1982 8.65 16.2% 18.78 35.1% 34.28 64.1% 34.70 12.16 53.48
1983 8.69 16.3% 17.50 32.9% 33.15 62.2% 35.76 11.08 53.26
1984 8.88 16.3% 17.44 32.0% 33.19 60.9% 37.05 10.78 54.49
1985 8.97 16.6% 16.18 30.0% 31.81 58.9% 37.80 9.63 53.98
1986 8.68 15.4% 18.28 32.5% 34.05 60.6% 37.95 11.70 56.23
1987 8.35 14.7% 18.52 32.7% 34.72 61.3% 38.15 12.10 56.67
1988 8.14 13.9% 20.32 34.6% 36.66 62.4% 38.42 13.46 58.74
1989 7.61 12.7% 22.07 36.9% 38.50 64.3% 37.79 14.84 59.86
1990 7.36 12.2% 23.20 38.3% 39.12 64.6% 37.37 15.28 60.57
1991 7.42 12.3% 23.27 38.6% 38.53 64.0% 36.94 14.74 60.21
1992 7.17 11.9% 24.40 40.5% 37.67 62.6% 35.81 15.97 60.21
1993 6.85 11.4% 25.12 41.7% 37.65 62.5% 35.12 16.71 60.24
1994 6.66 10.9% 25.51 41.8% 37.67 61.8% 35.48 16.96 60.99
1995 6.56 10.5% 26.00 41.7% 38.24 61.4% 36.33 17.21 62.33
1996 6.46 10.1% 26.76 41.8% 39.45 61.6% 37.29 17.37 64.05
1997 6.45 9.7% 28.36 42.8% 41.31 62.3% 37.96 18.50 66.32
1998 6.24 9.3% 28.76 43.0% 41.69 62.3% 38.11 19.33 66.87
Average annual percentage change
1960-98 -0.3% 3.2% 3.3% 3.0% 3.5% 3.1%
1970-98 -1.5% 0.8% 1.0% 1.9% 1.3% 1.4%
1988-98 -2.6% 3.5% 1.3% -0.1% 3.7% 1.3%

Sour ce:

U.S. Department of Energy, Energy Information Administration, Annual Energy Review 1998,
Washington, DC, July 1999, Table 11.4.

“Includes lease condensate. Excludes natural gas plant liquids.
“Organization of Petroleum Exporting Countries. See Glossary for membership.
“OPEC includes all OPEC nations plus Russia, Mexico, Norway and Oman.
4See Glossary for Persian Gulf nations.
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These data are the latest available; oil consumption data generally lags behindproduction data (previous
table) by one year.

Table 1.3
World Oil Consumption, 1960-97
(million barrels per day)

United U.S. Total
Year States Share Total OECD” Non-OECD World
1960 9.80 45.9% 15.78 5.56 21.34
1965 11.51 37.0% 22.81 8.33 31.14
1970 14.70 31.4% 34.49 12.32 46.81
1971 15.21 30.8% 36.07 13.35 49.42
1972 16.37 30.8% 38.74 14.35 53.09
1973 17.31 30.2% 41.53 15.71 57.24
1974 16.65 29.4% 40.12 16.56 56.68
1975 16.32 29.0% 38.82 17.38 56.20
1976 17.46 29.3% 41.39 18.28 59.67
1977 18.43 29.8% 42.43 19.40 61.83
1978 18.85 29.4% 43.62 20.54 64.16
1979 18.51 28.4% 44.01 21.21 65.22
1980 17.06 27.0% 41.41 21.66 63.07
1981 16.06 26.4% 39.14 21.76 60.90
1982 15.30 25.7% 37.45 22.05 59.50
1983 15.23 25.9% 36.59 22.15 58.74
1984 15.73 26.3% 37.43 22.41 59.84
1985 15.73 26.2% 37.23 22.87 60.10
1986 16.28 26.4% 38.28 23.48 61.76
1987 16.67 26.5% 38.96 24.04 63.00
1988 17.28 26.7% 40.24 24.58 64.82
1989 17.33 26.3% 40.88 25.04 65.92
1990 16.99 25.8% 40.92 25.06 65.98
1991 16.71 25.1% 41.40 25.17 66.57
1992 17.03 25.5% 42.41 24.33 66.74
1993 17.24 25.7% 42.98 24.01 66.99
1994 17.72 25.9% 44.17 24.13 68.30
1995 17.72 25.4% 44,95 24.94 69.89
1996 18.31 25.7% 46.07 25.25 71.32
1997 18.62 25.5% 46.67 26.34 73.01
Average annual percentage change
1960-97 1.7% 3.0% 4.3% 3.4%
1970-97 0.9% 1.1% 2.9% 1.7%
1987-97 1.1% 1.8% 0.9% 1.5%

Sour ce:
U.S. Department of Energy, Energy Information Administration, Annual Energy Review
1998, Washington, DC, July 1999, Table 11.9.

* Organization for Economic Cooperation and Development. See Glossary for membership.
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The United States has increased its petroleum stocks by 55% from 1973 to 1984; there has been no significant change in the stocks since 1984. Petroleum

demand, however, has increased 87% in that same time period (see Table 1.3). The Srategic Petroleum Reserve accountedfor 35% of total U.S stocks
at the end of 1998.

Table1.4
Petroleum Stocksin OECD Countries, End of Year 1973-98"
(million barrels)

Other U.S. Strategic United
United OQECD*® OECD* Petroleum States Other

Year France  Germany® Italy Kingdom Europe Europe Canada Japan Reserve total OECD? OECD*
- 1973 201 181 18 15 165 330 1,070 10 1 RI(R1 ¢ 1,008 67 2,588
§ 187
% 1975 1 nHN8 319 170 168 564 1,464 164 495 108 1,393 72 20033567
8 1981 214 297 167 143 516 1,337 161 482 230 1,484 67 3,531
7_15‘ 1982 193 272 179 125 489 1,258 136 484 294 1,430 68 3,376
E] 1983 153 249 149 118 473 1,142 121 470 379 1,454 68 3,255
2 1984 152 239 159 112 468 1,130 128 479 451 1,556 69 3,362
é 1985 139 233 157 123 440 1,092 113 494 493 1,519 66 3,284
% 1986 127 252 155 124 475 1,133 111 509 512 1,593 72 3,418
z 1987 127 259 169 121 454 1,130 126 540 541 1,607 71 3,474
~ 1988 140 266 155 112 445 116 538 560 71 3,440
E 1989 138 271 164 118 442 118 113 114 577 580 1597 1% 71 3,476
;3 1990 140 265 172 112 474 1,163 121 590 586 1,621 73 3,568
%3‘ 1991 15 1% 2830 190 1 1013 L 1% 1,181 10107 06 68 5 5B 1,617 &% 3,588
= 1992 1,219 1,592 3,588
8 1993 158 309 163 118 475 1,221 105 618 587 1,647 69 3,661
gj 1994 158 312 164 115 490 1,240 119 645 592 1,653 69 3,726
= 107 499 109 630 592 71
% 1995 19% 1% 1% K R 15 108 538 128 1% 103 651 566 1% 150 74 3600 3501
= 1997 164 298 147 105 542 1,256 115 685 563 1,560 74 3,689

1998 161 321 153 108 561 1,304 118 649 571 1,647 66 3,784
5 Average annual percentage change
S 1973-98 -0.9% 2.3% 0.0% -1.5% 1.6% 0.8% -0.7% 3.1% ) 2.0% -0.1% 1.5%

1988-98 1.4% 1.9% -0.1% -0.4% 2.3% 1.6% 0.2% 1.9% 0.2% 0.3% -0.7% 1.0%

Source:
Country stocks - U.S. Department of Energy, Energy Information Administration, International Petroleum Statistics Report, Washington, DC, January 2000, Table 4.5.
U.S. Strategic Petroleum Reserve - U.S. Department of Energy, Energy Information Administration, Annual Energy Review, 1998, Washington, DC, July 1999,

Table 5.15.

# Includes crude ail (including strategic reserves), lease condensate, natural gas plant liquids, unfinished oils, and finished petroleum products. Oil stocks include all
non-military stocks held by importers, refiners, Governments, major non-importing final consumers and by foreign entities in certain facilities. See Stocks in Glossary for details.
® Through 1990, the data for Germany are for the former West Germany only. Beginning in 199 1, the data for Germany are for the unified Germany, i.e., the former
East Germany and West Germany.
¢ Organization for Economic Cooperation and Development (OECD). See Glossary for membership.
4 Australia, New Zedland, and United States Territories. Data for Mexico, which joined the OECD on May 18, 1994, are not available.
E ¢ Data are not available. The Energy Policy and Conservation Act, effective February 1976, authorized the establishment of the U.S. Strategic Petroleum Reserve.
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Figure 1.2. Crude Oil Prices, 1870-98
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Sour ce:
Santini, Danilo J., “An Assessment of Oil Supply and Its Implications for Future Prices,” Nonrenewable Resources, Vol. 7, No. 2, 1998, pp. 101-121, and

1994-98 data update.
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The share ofpetroleum imported to the U.S. can be calculated using total imports or net imports. Net imports, which is the
preferred data, rose to 50% of U.S. petroleum consumption for the first time in 1998 (see Table /.9), while total imports

reached 50% for the first time in 1993. OPEC share of net imports has been around 50-60% for the last ten years.

Tablel.5
U.S. Petroleum Net Imports by World Region of Origin, 1960-98
(thousand barrelsper day)

Net Total OPEC Persian Gulf Persian Gulf
Year imports OPEC” share nations” share
1960 1,613 1,511 ol.5% c ¢
1965 2,281 1,475 64.7% c ¢
1970 3,161 1,343 42.5% ¢ c
1971 3,701 1,671 45.2% c c
1972 4519 2,061 45.6% c c
1973 6,025 2,991 49.6% ¢ c
1974 5,892 3,277 55.6% ¢ c
1975 5,846 3,599 61.6% ¢ c
1976 7,090 5,063 71.4% ¢ c
1977 8,565 6,190 72.3% c ¢
1978 8,002 5,747 71.8% c ¢
1979 7,985 5,633 70.5% c ¢
1980 6,365 4,293 67.5% c ¢
1981 5,401 3,315 61.4% 1,215 22.5%
1982 4,298 2,136 49.7% 692 16.1%
1983 4,312 1,843 42.7% 439 10.2%
1984 4,715 2,037 43.2% 502 10.6%
1985 4,286 1,821 42.5% 309 7.2%
1986 5,439 2,828 52.0% 909 16.7%
1987 5,914 3,055 51.7% 1,074 18.2%
1988 6,587 3,513 53.3% 1,529 23.2%
1989 7,202 4,124 57.3% 1,858 25.8%
1990 7,161 4,285 59.8% 1,962 27.4%
1991 6,626 4,065 61.3% 1,833 27.7%
1992 6,938 4,071 58.7% 1,773 25.6%
1993 7,618 4,253 55.8% 1,774 23.3%
1994 8,054 4,233 52.6% 1,723 21.4%
1995 7,886 3,980 50.5% 1,563 19.8%
1996 8,498 4,193 49.3% 1,596 18.8%
1997 9,158 4,542 49.6% 1,747 19.1%
1998 9,452 4,789 50.7% 2,091 22.1%
Average annualpercentage change
1960-98 4.8% 3.5% ©
1970-98 4.0% 4.6% c
1988-98 3.7% 3.1% 3.2%

Sour ce:
U.S. Department of Energy, Energy Information Administration, Annual Energy Review 1998, Washington, DC,
July 1999, Table 5.7.

* Organization of Petroleum Exporting Countries. See Glossary for membership.
b See Glossary for Persian Gulf nations.
¢ Data are not available.

TRANSPORTATION ENERGY DATA Boox: EDITIoN 20- 2000



Estimates of 7996 military expenditures for defending oil supplies in the Middle East range from $6 to $60 billion
per year. This wide range in estimates reflects the difficulty in assigning a precise figure to the military cost of
defending the U.S interests in the Middle East. The two main reasons for the difficulty are 1) the Department of

Defense does not divide the budget into regional defense sectors and 2) it is difficult to determine how much of the
cost is attributable to defending Persian Gulf oil.

Table1.6
Summary of 1996 Military Expenditures for Defending Oil Supplies from the Middle East

1996 estimate

Original estimates Year of (constant 1996
Source (billion dollars) original estimate billion dollars)
General Accounting Office [I] $33 1990 $28”
Congressional Research Service [2] $6.4 1990 $6”
Greene and Leiby [3] $14.3 1990 $12”
Ravenal [4] $50 1992 $60”
Kaufmann and Steinbruner [5] $64.5 1990 $55”
Delucchi and Murphy” [6] $20-40 1996 $20-40"

Average estimate is $32 billion, with a standard deviation of $22 billion.

[1] U.S. General Accounting Offices, Southwest Asia: Cost of Protecting U.S. Interests,
GAO/NSIAD-91-250, Washington, DC, August 1991.

[2] Congressional Research Service, The External Costs of Oil Used in Transportation, prepared for
the U.S. Alternative Fuels Council, Washington, DC, June 1992,

[3] Greene, D.L., and P. Leiby, The Social Costs to the U.S of Monopolization of the World Qil
Market, 1972- 199 1, ORNL-6744, Oak Ridge National Laboratory, Oak Ridge, TN, March 1993.

[4] Ravenal, E.C., Designing Defense for a New World Order: The Military Budget in 1992 and
Beyond, Cato Institute, Washington, DC, 1991.

[5] Kaufmann, W.W., and J.D. Steinbruner, Decisions for Defense: Prospects for a New Orcler, The
Brookings Institution, Washington, DC, 199 1.

[6] Delucchi, M.A., and J. Murphy, US Military Expenditures to Protect the Use of Persian-Gulf Oil
for Motor Vehicles, UCD-ITS-RR-96-3 (15), University of California, Davis, California, April
1996.

Source:
Hu, P.S., “Estimates of 1996 U.S. Military Expenditures on Defending Oil Supplies from the Middle
East: A Literature Review,” Oak Ridge National Laboratory, Oak Ridge, TN, March 1996.

“Estimated based on a 3% annual inflation rate and a decrease of 30% in the total Defense budget from
1990 to 1996.

“Provided by the author(s); thus, assumptions used for the projection are different from those used in the
other estimates.

“Annual cost to defend all U.S. interests in the Persian Gulf.
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Figure 1.3. Refinery Gross Output by World Region, 1999
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14.5

OECD Pacific®

International Energy Agency, Monthly Oil Survey, January 2000, Paris, France, Table 7.

® Includes jet kerosene and other kerosene.

® Includes motor gasoline, jet gasoline, and aviation gasoline.
¢ Organization for Economic Cooperation and Development. See Glossary for membership.
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Oxygenate refinery input increased significantly in 1995, most certainly due to the Clean Air Act Amendments of 1990 which mandated the sale of
reformulated gasoline in certain areas beginning in January 1995.

Table 1.7
U.S. Refinery Input of Crude Oil and Petroleum Products, 1987-98
(thousand barrels)

01-1

Oxygenates
Natural gas Fuel Other Other Total input to
Year Crude oil liquids ethanol Methanol MTBE” oxygenates® hydrocarbons” Other liquids refineries
1987 4,691,783 280,889 d d d d 23,304 220,296 5,105,392
1988 4,848,175 304,566 d d d d 19,515 203,794 5,258,386
1989 4,891,381 182,109 d d d d 21,757 202,040 5,297,287
1990 4,894,379 170,589 d d d d 28,642 231,466 5,325,076
1991 4,855,016 172,306 d d d d 31,574 248,691 5,307,587
1992 4,908,603 171,701 d d d d 47,918 224,758 5,352,980
1993 4,968,641 179,213 3,351 782 49,393 1,084 15,543 264,531 5,482,538
1994 5,061,111 169,868 3,620 242 52,937 1,676 14,130 179,678 5,483,262
1995 5,100,317 172,026 9,055 246 79,396 3,876 14,668 175,743 5,555,327
1996 5,195,265 164,552 11,156 126 79,407 3,444 20,587 193,695 5,668,232
1997 5,351,466 151,769 11,803 496 86,240 3,750 22,976 178,292 5,806,792
1998 5,434,383 146,921 11,722 675 89,362 3,363 22,759 183,376 5,892,561
Average annual percentage change
1988-98 1.3% 5.7% e ; ) ) -0.2% 1.7% 1.3%
1993-98 1.8% -3.9% 28.5% -2.9% 12.6% 25.4% 7.9% -7.1% 1.5%

Sour ce:
U.S. Department of Energy, Energy Information Administration, Petroleum Supply Annual, 1998, Vol. 1, June 1999, Table 16, and annual.
(Additional resources: www.eia.doe.gov)

“Methyl tertiary butyl ether (MTBE).

“Includes ethyl tertiary butyl ether (ETBE), tertiary amyl methyl ether (TAME), tertiary butyl alcohol (TBA), and other aliphatic alcohols and ethers
intended for motor gasoline blending.

‘For 1987-92, includes other hydrocarbons/hydrogen/oxygenates. For 1993-on, includes other hydrocarbons/hydrogen.

4Reported in “Other hydrocarbons” category in this year.

‘Data are not available.



“1-11

When crude oil and other hydrocarbons are processed into products that are, on average, less
dense than the input, a processing volume gain occurs. Due to this gain, the product yield from
a barrel of crude oil is more than 100%. The processing volume gain has been growing over the
years.

e

Tablel1.8
Refinery Yield of Petroleum Products from a Barrel of Crude Oil, 1978-98
(per centage)
Motor Distillate Liquified
Year gasoline fuel oil Jet fuel petroleum gas Other” Total”
1978 441 21.4 6.6 2.3 29.6 104.0
1979 43.0 215 6.9 2.3 30.3 104.0
1980 44.5 19.7 7.4 2.4 30.0 104.0
1981 44.8 20.5 7.6 2.4 28.7 . 104.0
1982 46.4 21.5 8.1 2.2 26.2 104.4
1983 476 20.5 8.5 2.7 24.8 104.1
1984 46.7 215 9.1 2.9 24.2 104.4
1985 45.6 21.6 9.6 3.1 24.6 104.5
1986 45.7 21.2 9.8 3.2 24.8 104.7
1987 46.4 20.5 10.0 34 24.5 104.8
1988 46.0 20.8 10.0 3.6 24.4 104.8
1989 45.7 20.8 10.1 4.0 24.2 104.8
1990 45.6 20.9 10.7 3.6 24.1 104.9
1991 45.7 21.3 10.3 3.8 24.1 105.2
1992 46.0 21.2 9.9 4.3 24.0 1054
1993 46.1 21.9 10.0 4.1 23.3 1054
1994 45.5 22.3 10.1 4.2 23.2 105.3
1995 46.4 21.8 9.7 4.5 22.9 105.3
1996 45.7 22.7 10.4 4.5 22.4 105.7
1997 457 22,5 10.3 4.6 22,5 105.6
1998 46.2 22.3 10.4 4.4 22.5 105.8

Sour ce:
Department of Energy, Energy Information Administration, Petroleum Supply Annual 1998, Vol. 1,
June 1999, Table 19 and annual. (Additional resources: www.eia.doe.gov)

* Includes aviation gasoline, kerosene, naphtha and other oils for petrochemical feedstock use, special
naphthas, lubricants, waxes, petroleum coke, asphalt and road oil, still gas, and miscellaneous products.
® Products sum greater than 100% due to processing gain. The processing gain for years 1978 to 1980 is
assumed to be 4%.
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Table 1.9
United States Petroleum Production and Consumption, 1973-99
(million barrels per day)

Net imports as U.S. petroleum Trangportation

; a percentage consumption as a roleum use
Domestic Net imports Exports us. World %?U.S.ag percgntage a%et a percentage
crude oil Crude Petroleum Petroleum petroleum petroleum petroleum of world of domestic

Year production ail products Tota Crude ail products consumption” consumption consumption consumption production®
1973 9.21 3.24 2.78 6.03 0.00 0.23 17.31 56.39 34.8% 30.7% 76.7%
1974 8.77 3.47 242 5.89 0.00 0.22 16.65 55.91 35.4% 29.8% 78.3%
1975 8.37 4.10 175 5.85 0.00 0.20 16.32 55.48 35.8% 29.4% 82.8%
1976 8.13 5.28 1.81 7.09 0.00 0.22 17.46 58.74 40.6% 29.7% 89.5%
1977 8.25 6.57 2.00 8.57 0.05 0.19 18.43 61.63 46.5% 29.9% 9L.7%
1978 8.71 6.20 1.80 8.00 0.16 0.20 18.85 63.30 42.5% 29.8% 9L.7%
1979 8.55 6.28 1.70 7.99 0.24 0.24 18,51 65.17 43.1% 28.4% 92.0%
1980 8.60 498 1.39 6.37 0.29 0.26 17.06 63.07 37.3% 27.0% 87.9%
1981 8.57 417 1.23 5.40 0.23 0.37 16.06 60.87 33.6% 26.4% 86.9%
1982 8.65 3.25 1.05 430 0.24 0.58 15.30 59.50 28.1% 25.7% 84.9%
1983 8.69 3.17 115 431 0.16 0.58 15.23 58.74 28.3% 25.9% 85.3%
1984 8.88 3.25 147 472 0.18 0.54 15.73 59.84 30.0% 26.3% 86.0%
1985 8.97 3.00 1.29 4.29 0.20 0.58 15.73 60.10 27.3% 26.2% 86.6%
1986 8.68 4.02 141 5.44 0.15 0.63 16.28 61.76 33.4% 26.4% 93.1%
198 1997 8.35 452 1.39 591 0.15 0.61 16.67 63.00 35.5% 26.5% 98.5%

8.14 4.95 163 6.59 0.16 0.66 17.28 64.82 38.1% 26.7% 104.1%
1989 761 5.70 150 7.20 0.14 0.72 17.33 65.92 41.6% 26.3% 112.1%

7.36 4.79 1.38 7.16 0.11 0.75 16.99 65.98 42.2% 25.8% 114.5%
1990 1981 7.42 5.67 0.96 6.63 0.12 0.89 16.71 66.57 39.6% 25.1% 110.6%
1992 717 5.99 0.94 6.94 0.09 0.86 17.03 66.76 40.7% 25.5% 114.5%
1993 6.85 6.69 0.93 7.62 0.10 0.90 17.24 67.00 44.2% 25.7% 118.7%
1994 6.66 6.96 1.09 8.05 0.10 0.84 17.72 68.30 45.5% 25.9% 124.4%
1995 6.56 7.14 0.75 7.89 0.10 0.86 17.73 69.87 44.5% 25.4% 127.0%
1996 6.47 740 1.10 8.50 011 0.87 18.31 7140 46.4% 25.6% 130.3%
1997 6.45 8.12 1.04 9.16 011 0.90 18.62 73.13 49.2% 25.5% 131.7%
1998 6.25 8.60 117 9,76 0.11 0.84 18.92 73.64 51.6% 25.7% 138.7%
1999 5.95 8.47 1.14 9.61 0.11 0.82 19.39 49.6% 146.2%

~ Average annual percentage change
1973-99 -1.7% 3.8% -3.4% 1.8% ¢ 5.0% 0.4% 11%¢
1989-99 -2.4% 4.0% -2.7% 2.9% -2.4% 1.3% 1.1% 1.2%"

Sour ce:

U.S. Department of Energy, Energy Information Administration, Monthly Erergy Review, March 2000, Washington, DC, 2000, pp. 42—47.

World petroleum consumption - U.S. Department of Energy, Energy Information Administration, International Energy Annual 1998, January 2000, Tablel. 1.
(Additional resources. www.eia.doe.gov)

 Best estimate for U.S. petroleum consumption is the amount of petroleum products supplied to the U.S. in a given year. This is not the sum of crude oil production and net imports
due to processing gain and stock changes.

® Transportation petroleum use can be found on Table 1.10. This column has been revised to include domestic production of crude oil, natura gas plant liquids, and other
hydrocarbons/hydrogen/oxygenates as shown in the Monthly Energy Review, Table 3.1 a

¢ Data are not available.

‘Average annua percentage change is to the latest possible year.

(45!



1-13

‘01T PUe 6°] SI[qEL 99§

32.m0g

8661 966} y661 2661 0661 8861 9861 861 861 0861 8.6l 9161 v.i6l [#1:12 0.6l
rrrrrrrraorrerrrrroeorr e rTrrerrirrr
™ wm ow omom 7
- d e -
N ~ uononpold "s'N
- - -
deb {10 - - = - ~
uoneuodsuedy, T - L
™™ 10 dWINSU0D UORENOdSURI | i
o Ry s
e - ) FooA
Ry
B # .
E o R u et / P y \
# uondwnsuoo wnajol}ad - \ -
. = : oy #
&= 4

66-€L61 ‘uopdwnsuo)) pue UoNINPOLJ WNS0.IJ $3)E)S Pl “p'T N3y

ol

Gl

0¢

Rep Jad spuieq uolin

TRANSPORTATION ENERGY DATA BOOK: EDITION 20—2000



0¢ NOLLIdH -Y00dg VIV ADYINH NOILVIIOdSNVY],

000¢T

Table1.10
Consumption of Petroleum by End-Use Sector, 1973-99
(quadrillion Btu)

Vi1

Residential and Electric Total in million
Year Transportation Percentage commercial Percentage Industrial Percentage utilities  Percentage Total barrels per day”
1973 17.83 51.2% 4.39 12.6% 9.10 26.1% 3.52 10.1% 34.84 17.31
1974 17.40 52.0% 4.00 12.0% 8.69 26.0% 3.37 10.1% 33.46 16.66
1975 17.61 53.8% 3.81 11.6% 8.15 24.9% 3.17 9.7% 32.74 16.33
1976 18.51 52.6% 4.18 11.9% 9.01 25.6% 3.48 9.9% 35.18 17.51
1977 19.24 51.8% 4.21 11.3% 9.77 26.3% 3.90 10.5% 37.12 18.43
1978 20.04 52.8% 4.07 10.7% 9.87 26.0% 3.99 10.5% 37.97 18.85
1979 19.83 53.4% 3.45 9.3% 10.57 28.5% 3.28 8.8% 37.13 18.52
1980 19.01 55.6% 3.04 8.9% 9.53 27.9% 2.63 7.7% 34.21 17.11
1981 18.81 58.9% 2.63 8.2% 8.29 26.0% 2.20 6.9% 31.93 16.06
1982 18.42 60.9% 2.45 8.1% 7.79 25.8% 1.57 5.2% 30.23 15.29
1983 18.59 61.9% 2.50 8.3% 7.42 24.7% 1.54 5.1% 30.05 15.23
1984 19.22 61.9% 2.54 8.2% 8.01 25.8% 1.29 4.2% 31.06 15.77
1985 19.50 63.1% 2.52 8.2% 7.81 25.3% 1.09 3.5% 30.92 15.73
1986 20.27 63.0% 2.56 8.0% 7.92 24.6% 1.45 4.5% 32.20 16.28
1987 20.87 63.5% 2.59 7.9% 8.15 24.8% 1.26 3.8% 32.87 16.67
1988 21.63 63.2% 2.60 7.6% 8.43 24.6% 1.56 4.6% 34.22 17.33
1989 21.87 63.9% 2.53 7.4% 8.13 23.8% 1.69 4.9% 34.22 17.33
1990 21.81 65.0% 2.17 6.5% 8.32 24.8% 1.25 3.7% 33.55 16.99
1991 21.46 65.3% 2.15 6.5% 8.06 24.5% 1.18 3.6% 32.85 16.72
1992 21.81 65.0% 2.13 6.4% 8.64 25.8% 0.95 2.8% 33.53 17.08
1993 22.20 65.6% 2.14 6.3% 8.45 25.0% 1.05 3.1% 33.84 17.24
1994 22.76 65.6% 2.09 6.0% 8.85 25.5% 0.97 2.8% 34.67 17.72
1995 23.20 67.1% 2.08 6.0% 8.62 24.9% 0.66 1.9% 34.56 17.73
1996 23.74 66.4% 2.20 6.2% 9.10 25.4% 0.73 2.0% 35.77 18.37
1997 24.00 66.2% 2.14 5.9% 9.31 25.7% 0.82 2.3% 36.27 18.62
1998 24.64 66.7% 1.97 5.3% 9.15 24.8% 1.17 3.2% 36.93 18.92
1999 25.21 66.9% 2.07 5.5% 9.45 25.1% 0.97 2.6% 37.70 19.39
Average annual percentage change
1973-99 1.3% -2.9% 0.1% -4.8% 0.3% 0.4%
1989-99 1.4% -2.0% 120, -5.4% 1.0% 1.1%

Sour ce:
U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, March 2000, pp. 27, 29, 31, 33.
(Additional resources: www.eia.doe.gov)

# Calculated from Total column using Table A.3. Approximate Heat Content of Petroleum Products, Weighted Average, from the Monthly Energy
Review, March 2000.



Table 1.11

Transportation of Petroleum and Petroleum Products in the U.S. by Mode, 1975-98

Pipelines” Water carriers Motor carriers’ Railroads Total
(billion (billion (billion (billion (billion
(_ Year torpmiles) (percemt) ton-milesy c € ercent) ton4miles) (percenty ton-miles) )
1975 507.0 59.88% 298.0 35.20% 274 3.26% 14.1 1.66% 846.7
1976 515.0 59.35% 306.9 35.37% 325 3.75% 13.3 1.53% 867.7
= 1977 546.0 59.13% 333.3 36.09% 29.6 3.21% 14.5 1.57% 923.4
g 1978 585.8 50.49% 530.6 45.73% 30.6 2.65% 132 1.14% 1,160.2
% 1979 608.3 51.78% 522.9 44.5 1% 30.1 2.56% 13.5 1.15% 1,174.8
% 1980 588.2 47.24% 617.8 49.61% 26.8 2.15% 12.5 1.00% 1,245.3
I~ 1981 563.7 46.27% 617.2 50.66% 24.9 2.04% 12.6 1.03% 1,218.4
g 1982 565.7 46.44% 616.9 50.64% 22.7 1.86% 12.9 1.06% 1,218.2
rzn 1983 556.1 45.45% 630.5 51.53% 25.1 2.05% 11.8 0.97% 1,223.5
Z 1984 568.1 48.14% 570.7 48.36% 29.2 2.47% 12.2 1.03% 1,180.2
R 1985 564.3 47.20% 590.4 49.39% 28.7 2.40% 121 1.01% 1,195.5
~ 1986 577.9 48.65% 568.1 47.83% 29.7 2.50% 121 1.02% 1,187.8
E 1987 586.8 49.08% 566.5 47.37% 304 2.54% 121 1.01% 1,195.X
3 1988 601.1 50.59% 543.7 45.76% 305 2.57% 12.8 1.08% 1,188.1
%’ 1989 584.2 53.39% 466.2 42.61% 304 2.78% 13.4 1.22% 1,094.2
% 1990 584.1 54.24% 449.0 41.70% 29.7 2.76% 14.0 1.30% 1,076.8
Eﬁ 1991 578.5 53.27% 465.0 42.81% 28.8 2.65% 13.8 1.27% 1,086.1
[ 1992 588.8 53.93% 459.3 42.07% 28.8 2.64% 14.8 1.36% 1,091.7
%3 1993 592.9 57.31% 401.7 38.82% 24.8 2.40% 15.2 1.47% 1,034.6
z 1994 591.4 56.50% 411.4 39.31% 28.1, 2.68% 15.8 1.51% 1,046.7
3 1995 601.1 57.53% 400.9 38.37% 26.3 2.51% 16.6 1.59% 1,044.9
S 1996 619.2 60.58% 356.5 34.88% 29.7 2.90% 16.8 1.64% 1,022.2
S 1997 616.5 64.45% 295.6 30.90% 27.7 2.90% 16.7 1.75% 956.5
< 1998 619.8 66.66% 265.0 28.50% 28.3 3.04% 16.7 1.80% 929.8
Average annualpercentage change
1975-98 0.9% -0.5% 0.1% 0.7% 0.4%
1988-98 0.1% 3.1% 0.3% 1.2% 1.1%
Sour ce:

Association of Oil Pipelines, Shifts in Petroleum Transportation, Washington, DC, April 2000, Table 1.

2 The amounts carried by pipeline are based on ton-miles of crude and petroleum products for Federally regulated pipelines (84 percent) plus an
estimated breakdown of crude and petroleum products of the ton-miles for pipelines not Federally regulated (16 percent).

® The amounts carried by motor carriers are estimated.
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Chapter 2
Energy

Summary Statistics from Tables in this Chapter

Source

Table 2.3  Transportation share of U.S. energy consumption, 1999 28.0%

Table2.4 Petroleum share of transportation energy consumption, 1999 97.4%

Table 26  Transportation energy use by mode, 1998 (trillion Btu) (share)
Automobiles 9,078 35.3%
Light trucks 6,324 24.6%
Heavy trucks 4,218 16.4%
Buses 195 0.8%
Air 2,351 9.2%
Water 1,295 5.0%
Pipeline 901 3.5%
Rail 586 2.3%

Table2.9 Alternative vehicle fuel and oxygenate consumption, 1999

(thousand gasoline
equivalent gallons) (share)

Liquified petroleum gas 243,648 5.6%
Compressed natural gas 86,073 2.0%
Liquified natural gas 6,062 0.1%
M85/M100 1,557 0.0%
E85/E100 2,548 0.0%
Electricity 1,458 0.0%
MTBE 3,097,800 71.6%
Ethanol in gasohol 890,200 20.6%

TRANSPORTATION ENERGY DATA BOOK: EDITION 20-—2000




—
=
>
Z
w2
o
@)
=
|
>
=
O
Z
es]
Z
o
=
[®)]
=
v
>
=
>
we}
@)
@)
s
es]
>
@)
Z
)
o
\®)
=)
S
o

Table 2.1

World Production of Primary Energy by Selected Country Groups, 1989-98

(quadrillion Btu)

1998
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998” Share
Petroleum
World total 134.66 136.35 135.90 136.50 136.52 138.30 141.47 144.93 149.01 151.96 39.8%
OECD® 38.07 38.20 39.20 39.70 39.57 40.94 41.66 43.14 43.59 43.21 11.3%
Non OECD 96.58 98.15 96.70 96.81 96.95 97.36 99.81 101.79 105.42 108.75 28.5%
Natural gas
World total 74.24 75.91 76.68 76.84 78.35 79.16 80.23 83.97 84.00 85.49 22.4%
OECD® 30.61 31.44 32.18 33.02 34.18 35.67 36.14 38.05 37.94 38.19 10.0%
Non OECD 43.63 44.47 44.50 43.82 4417 43.49 44.09 45.92 46.06 47.30 12.4%
Coal
World total 91.05 92.28 87.65 88.35 85.72 87.53 89.67 90.78 90.64 88.61 23.2%
OECD* 42.12 42.00 39.96 39.16 38.19 39.58 39.37 40.25 40.55 40.47 10.6%
Non OECD 48.93 50.28 47.69 49.19 47.53 47.95 50.31 50.53 50.09 48.14 12.4%
Hydroelectric power
World total 21.74 22.56 22.98 22.96 24.31 24.48 25.73 26.11 26.74 26.63 7.0%
OECD* 11.84 12.22 12.33 12.18 12.91 12.43 13.31 13.71 13.96 13.63 3.6%
Non OECD 9.90 10.33 10.65 10.78 11.40 12.06 12.42 12.40 12.78 13.01 3.4%
Nuclear electric power
World total 19.82 20.37 21.29 21.36 22.07 22.50 23.35 24.17 23.95 24.48 6.4%
OECD"® 16.38 16.99 17.93 18.15 18.99 19.61 20.35 20.84 20.59 21.20 5.5%
Non OECD 3.44 3.38 3.36 321 3.08 2.89 3.01 3.33 3.36 3.27 0.9%
Total energy®
World total 345.76 351.39 348.48 350.29 351.33 356.54 365.18 374.87 379.22 382.18 100.0%
OECD® 143.05 144,54 145.33 146.23 147.94 152.51 155.25 160.56 161.14 161.33 42.2%
Non OECD 202.71 206.85 203.15 204.06 203.39 204.04 209.93 214.31 218.08 220.85 57.8%
Sour ce:

U.S. Department of Energy, Energy Information Administration, International Energy Annual 1998, Washington, DC, January 2000, Table 2.9. (Additional resources:

www.eia.doe.gov)

* Preliminary.

® Organization for Economic Cooperation and Development (OECD). See Glossary for membership.
¢ Geothermal, solar, and wind electric power are included in the total though not shown separately on thistable.
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Table 2.2
World Consumption of Primary Energy by Selected Country Groups, 1989-98
(quadrillion Btu)

1998
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998” Share
Petroleum
World total 134.82 134.87 136.11 136.62 136.61 139.10 - 142.39 145,51 148.62 149.73 39.6%

OECD® 82.63 82.70 83.63 85.72 86.56 88.92 90.45 92.70 94.01 94.39 25.0%
. Non OECD 52.19 52.17 52.48 50.90 50.05 50.18 51.94 52.82 54.61 55.34 14.7%
g Natural gas
% World total 73.93 74.78 76.02 76.23 78.40 78.34 80.01 84.01 83.77 84.40 22.3%
% OECD’ 35.85 36.26 37.69 38.58 40.20 41.33 43.22 45.70 45.64 45.62 12.1%
2 Non OECD 38.08 38.52 38.33 37.64 38.21 37.01 36.79 38.31 38.13 38.78 10.3%
E Coal
%1 World total 90.33 90.41 87.15 87.05 87.54 88.33 89.63 91.64 90.19 87.53 23.2%
a OECDP 42.76 41.82 40.77 39.45 41.05 40.85 40.55 41.99 41.50 41.13 10.9%
é Non OECD 47.57 48.59 46.39 47.60 46.49 47.48 49.07 49.64 48.69 46.40 12.3%
E Hydroelectric power
%a World total 21.89 22.65 23.18 23.20 24.57 24.77 26.00 26.44 26.96 26.84 7.1%
2 OECD® 11.99 12.31 12.53 12.42 13.16 12.71 13.58 14.03 14.18 13.83 3.7%
}}j Non- OECD 9.90 10.33 10.65 10.78 11.40 12.06 12.42 12.40 12.78 13.01 3.4%
5 Nuclear electric power
S World total 19.82 20.37 21.29 21.36 22.07 22.50 23.35 24.17 23.95 24.48 6.5%
= OECD" 16.38 16.99 17.93 18.15 18.99 19.61 20.35 20.84 20.59 21.20 5.6%
0 Non OECD 3.44 3.38 3.36 3.21 3.08 2.89 3.01 3.33 3.36 3.27 0.9%
S Total energy®

World total 344.83 346.83 347.51 348.46 353.21 357.25 365.72 376.25 378.04 377.72 100.0%
OECD® 193.67 193.76 196.20 198.11 203.78 207.38 212.22 219.47 220.15 220.59 58.4%
Non OECD 151.16 153.07 151.31 150.35 149.43 149.87 153.50 156.78 157.89 157.13 41.6%

Sour ce:
U.S. Department of Energy, Energy Information Administration, International Exnergy Annual 1998 Washington, DC, January 2000, Table 1.8. (Additional resources:
www.eia.doe.gov)

¢ Preliminary.
® Qrganization for Economic Cooperation and Devel opment (OECD). See Glossary for membership.
© Geothermal, solar, and wind electric power are included in the total though not shown separately on this table.
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Total energy use in the U.S has grown to 92 quads in 1999. The transportation sector accounts for 28% of total
energy use.

—
Table 2.3
U. S. Consumption of Total Energy by End-Use Sector, 1970-99”
(quadrillion Btu)
Percentage
transportation Residential 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 30.69 72.54
1975 18.24 25.9% 23.90 28.40 70.55
1976 19.10 25.7% 25.02 30.24 74.36
1977 19.82 26.0% 25.38 31.08 76.29
1978 20.62 26.4% 26.08 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 26.15 70.85
1983 19.14 27.1% 25.62 25.76 70.52
1984 19.81 26.7% 26.47 27.87 74.14
1985 20.07 27.1% 26.70 27.21 73.98
1986 20.82 28.0% 26.85 26.63 74.30
1987 21.46 27.9% 27.61 27.83 76.89
1988 22.31 27.8% 28.92 28.99 80.22
1989 22.57 27.7% 29.42 29.37 81.36
1990 22.54 27.7% 28.80 29.95 81.30
1991 22.13 27.3% 29.42 29.57 81.12
1992 22.47 27.3% 29.27 30.68 82.42
1993 22.90 27.2% 30.45 30.88 84.22
1994 23.52 27.4% 30.70 31.76 85.99
1995 23.97 27.4% 31.54 32.04 87.56
1996 24.52 27.1% 32.94 32.95 90.42
1997 24.82 27.3% 33.09 33.07 90.98
1998 25.36 27.8% 33.17 32.73 91.26
1999 25.92 28.0% 33.63 33.16 92.72
Average annualpercentage change
1970-99 1.7% 1.5% 0.5% 1.2%
1989-99 1.4% 1.3% 1.2% 1.3%
Sour ce:

U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, March 2000,
Washington, DC, Table 2.2. (Additional resources: www.eia.doe.gov)

“Electrical energy losses have been distributed among the sectors.

TRANSPORTATION ENERGY DATA BOOK: EDITION 20—2000
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Due to the lack of consistent historical data, renewable energy sources are not included for sectors other than the electric utilities.

Additional detailed data about oxygenates and other fuel types for the Transportation sector are found on Table 2.9.

Table2.4
Distribution of Energy Consumption by Sour ce, 1973, 1980, and 1999
(percentage)
Residential &
Transportation Commercial Industrial Electric utilities
Energy source 1973 1980 1999 1973 1980 1999 1973 1980 1999 1973 1980 1999
Petroleum 95.8 96.5 97.4 18.2 11.8 11.7 28.9 311 36.9 17.7 10.7 2.8
Natural gas* 4.0 33 2.6 31.6 29.4 45.2 329 27.4 39.9 18.9 15,5 9.2
Coal 0.0 0.0 0.0 11 0.6 0.6 12.8 10.3 9.0 43.6 49.5 55.8
Hydroelectric 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 15.0 12.6 9.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 11.2 22.3
Electricity® 0.2 0.2 0.1 49.2 58.2 425 25.2 311 14.0 0.0 0.0 0.0
Other” 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.2
Total 1000 1000 100.0 1000 100.0 100.0 1000 100.0  100.0 100.0 100.0 100.0

Sour ce:

U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, March 2000, Washington, DC, pp. 27, 29, 31, 33.

(Additional resources: www.eia.doe.gov)

“Includes supplemental gaseous fuels. Transportation sector includes pipeline fuel and natural gas vehicle use.
® Includes electrical system energy losses.
¢ Energy generated from geothermal, wood, waste, wind, photovoltaic, and solar thermal energy sources.

¢
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As data about alternative fitel use come available, an attempt is made to incorporate it into thistable. Sometimes
assumptions must be made in order to use the data. Please see Appendix A for detailed methodology of a!l energy
data.

Table25
Domestic Consumption of Transportation Energy by Mode and Fuel Type, 1998”
(trillion Btu)
Liquified Residual Natural
Gasoline Diesd fue petroleum gas  Jet fuel fud ail gas Electricity
HIGHWAY 15,544.9 4,266.4 23.7 4.8 0.9
Automobiles 8,952.3 126.0 0.1
Motorcycles 25.7
Buses 125 176.4 0.5 4.3 0.9
Transit 4.8 76.8 0.5 4.3 0.9
Intercity” 22.6
School” 7.7 77.0
Trucks 6,554.4 3,694.0 23.2 0.4
Light trucks? 6,076.4 238.1 9.2 0.4
Other trucks 478.0 3,726.0 14.0 0.0
OFF-HIGHWAY 142.6 570.1°¢
Construction 29.3 1785 ¢
Agriculture 113.3 391.6°¢
NONHIGHWAY 343.3 817.2 2,313.7 694.6 655.2 309.9
Air 374 2,313.7
Generd aviation 374 110.0
Domestic air carriers 1,857.3
International air carriers 346.4
Water 305.9 294.8 694.6
Freight 294.8 694.6
Recreational 305.9
Pipeline 655.2 246.0
Rail 522.4 63.9
Freight (Class 1) 502.0
Passenger 204 61.0
Transit 42.6
Commuter 10.8 151
Intercity” 9.8 3.3
TOTAL 16,030.8 5,653.7 23.7 2,313.7  694.6 660.0 310.8
Sour ce;

See Appendix A for Table 2.5.

* Civilian consumption only. Totals may not include all possible uses of fuels for transportation (e.g., snowmobiles),
* Includes gasohol.

< Edtimated using vehicle travel information.

4 Two-axle, four-tire trucks.

© 1985 data.

" One half of fuel used by domestic carriers in international operation.

TRANSPORTATION ENERGY DATA BOOK: EDITION 20—2000




The 1997 data have been revised to include the latest data available.

Table 2.6
Transportation Energy Use by Mode, 1997-98"
Thousand barrels per

day crude oil
Trillion Btu equivalent ® Percentage of total
1997 1998 1997 1998 1997 1998
HIGHWAY 19,244.3 19,840.7 9,681.2 9,981.3 76.6% 77.2%
Automobiles 8,746.3 9,078.4 4,400.0 4,567.1 34.8% 35.3%
Motorcycles 25.2 25.7 127 12.9 0.1% 0.1%
Buses 199.1 194.6 100.1 97.9 0.8% 0.8%
Transit 93.0 87.3 46.8 439 0.4% 0.3%
Intercity 222" 22.6 11.2" 114 0.1% 0.1%
School 83.9" 84.7 422" 42.6 0.3% 0.3%
Trucks 10,273.7 10,542.0 5,168.4 5,303.4 40.9% 41.0%
Light trucks ¢ 6,187.5 6,324.1 3,112.8 3,181.5 24.6% 24.6%
Other trucks 4,086.2 4,217.9 2,055.6 2,121.9 16.3% 16.4%
OFF-HIGHWAY 730.8 712.7 367.6 358.5 2.9% 2.8%
Construction 216.1 207.8 108.7 104.5 0.9% 0.8%
Agriculture 514.7 504.9 258.9 254.0 2.0% 2.0%
NONHIGHWAY 5,158.4 5,133.9 2,595.0 2,582.7 20.5% 20.0%
Air 2,383.9 2,351.1 1,149.0 1,182.8 9.1% 9.2%
Generd aviation 1211 147.4 60.9 74.2 0.5% 0.6%
Domestic air carriers 1,831.0 1,857.3 921.1 934.4 7.3% 7.2%
International air 331.8 346.4 166.9 174.3 1.3% 1.3%
Water 1,309.0 1,295.3 658.5 651.6 5.2% 5.0%
Freight 1,009.3 989.4 507.7 497.7 4.0% 3.9%
Recreational 299.7 305.9 150.8 153.9 1.2% 1.2%
Pipeline 987.0 901.2 496.5 453.4 3.9% 3.5%
Rail 578.9 586.3 291.0 295.0 2.3% 2.3%
Freight 499.7 502.0 251.4 252.5 2.0% 2.0%
Passenger 78.8 84.3 39.6 42.4 0.3% 0.3%
Transit 42,5 43.1 21.4 21.7 0.2% 0.2%
Commuter 23.7 28.2 11.9 14.2 0.1% 0.1%
Intercity 126" 13.0 6.3 6.5 0.1% 0.1%
TOTAL 25,133.5 25,687.3 12,643.9 12922.5 100.0 100%

Source: See Appendix A for Table 2.5 (detailed breakdown).

“Civilian consumption only. Totals may not include all possible uses of fuels for transportation (e.g., snowmobiles).

“Thousand barrels per day crude oil equivalents based average on the EIA weighted average of heat content of petroleum
products used in transportation.

‘Edtimated using vehicle travel information.

“Two-axle, four-tire trucks.
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The Federal Highway Administration produced revised estimates of auto, light #uck, and other truck historicalfuel use in order to produce a consistent trend. Light trucks
include pickups, vans, and sport utility vehicles.

Table2.7
Transportation Energy Consumption by Mode, 1970-98
(trillion Btu)
Light
Light vehicles  Motor- Heavy Highway Nonhighway Tota

Year Autos  trucks subtotal cycles  Buses’ trucks subtotal Air Water  Pipeline Rail subtotal transportation®
- 8,527 1,540 10,067 7 109 1,503 11,686 1,307 753 985 558 3,603 15,289
> 190 19 9,321 2,386 11,707 14 119 1,939 13,779 1,274 851 835 563 3,523 17,302
& 1976 9,844 2,605 12,449 15 129 2,046 14,639 1,333 1,001 803 585 3,722 18,361
2 9,940 2,799 12,739 16 132 2,268 15,155 1,411 1,103 781 595 3,890 19,045
7% 1977 1978 10,140 3,022 13,162 18 135 2,539 15,854 1,467 1311 781 589 4,148 20,002
> 1979 9,629 3,057 12,686 22 137 2,644 15,489 1,568 1,539 856 613 4,576 20,065
g 8,798 2,976 11,774 26 139 2,651 14,590 1,528 1,677 889 596 4,690 19,280
ge 1% 1% 8,695 2,964 11,659 27 143 2,706 14,535 1,455 1,562 899 565 4,481 19,016
5 1982 8,695 2,839 11,534 25 146 2,707 14,412 1,468 1,290 853 488 4,099 18,511
Q 1983 8,814 2,995 11,809 22 145 2,757 14,733 1,505 1,187 738 482 3,912 18,645
é 8,857 3,202 12,059 22 154 2,846 15,081 1,633 1,251 780 523 4,187 19,268
> 1984 1965 8,954 3,422 12,376 23 161 2,842 15,402 1,678 1,311 758 487 4,234 19,636
N 1986 9,162 3,636 12,798 23 154 2,903 15,878 1,823 1,295 738 423 4,279 20,157
w 1987 9179 3,827 13,006 24 157 2,990 16,177 1,894 1,326 775 485 4,480 20,657
o 9,180 4,096 13,276 25 159 3,117 16,577 1,978 1,338 878 498 4,692 21,269
% 19% 1% 9,251 4,173 13,424 26 163 3,196 16,809 1,981 1,376 895 501 4,753 21,562
- 1990 8,707 4,467 13,174 24 163 3,329 16,690 2,059 1,487 928 492 4,966 21,656
) 1991 8,048 4,793 12,841 23 174 3,396 16,434 1,926 1,567 864 463 4,820 21,254
% 8,188 5,134 13,322 24 182 3,460 16,988 1,971 1,641 849 476 4,937 21,925
E) 199 19% 8,389 5,375 13,764 25 192 3,567 17,548 1,996 1,473 889 513 4,871 22,419
S 1994 8,494 5530 14,024 26 202 3,772 18,024 2,056 1,414 955 546 4,971 22,995
o 1995 8,519 5717 14,236 25 179 3,950 18,390 2,117 1,522 971 565 5,175 23,565
S 1996 8,622 5,936 14,558 25 194 4,033 18,850 2,196 1,460 984 578 5,218 24,068
8 1997 8,746 6,188 14,934 25 199 4,086 19,244 2,284 1,309 987 579 5,159 24,403

1998 9,078 6,324 15,402 26 195 4,218 19,841 2,351 1,295 901 586 5,133 24,974

Average annual percentage change
1970-98  0.2% 5.2% 1.5% 4.7% 2.1% 3.8% 1.9% 2.2% 2.0% -0.3% 0.2% 1.3% 1.8%
1988-98 -0.1%  4.4% 1.5% 0.4% 2.1% 3.1% 1.8% 1.7% 1.3% 0.3% 1.6% 0.9% 1.6%

Sour ce;
See Appendix A for Table 2.7.

2 Beginning in 1992 data became available on dternative fuel use by transit buses.
b Total transportation figures do not include military and off-highway energy use and may not include all possible uses of fuel for transportation (e.g. snowmobiles).
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The Federal Highway Administration cautions that data from /993-on may not be directly comparable to earlier years. Some states have improved reportingprocedures
in recent years, and the estimation procedures were revised in 1994. Prior to the Energy Policy Act of 1992, gasohol was defined as a blend ofgasoline and at least |0%,
byvolume, alcohol. Effective January |, 1993, three types of gasohol were defined: 10% gasohol—containing at least 10% alcohol, 7.7% gasohol—containing 7.7% alcohol
but less than 10%; and 5.7% gasohol-containing at least 5.7% alcohol but less than 7.7%. See Table 2.9 for details on oxygenate usage.

Table2.8

Highway Usage of Gasoline and Special Fuels, 1973-98
(million gallons)

Ethanol used in Tota gasoline and Percent Total highway
Y ear Gasoline Gasohol gasohol” gasohol Diesel® diesdl fuel use
1973 c © ° 100,636 9,837 8.9% 110,473
1975 c c c 99,354 9,631 8.8% 108,985
1980 100,686 497 49.7 101,183 13,777 12.0% 114,960
1981 98,884 713 713 99,597 14,856 13.0% 114,453
1982 96,220 2,259 225.9 98,479 14,905 13.1% 113,384
1983 95,852 4,254 4255 100,106 15,975 13.8% 116,081
1984 95,996 5,420 542.0 101,416 17,320 14.6% 118,736
1985 95,567 8,004 781.7 103,571 17,751 14.6% 121,322
o 1986 98,618 8,138 780.7 106,756 18,427 14.7% 125,183
> 1987 101,790 6,912 800.4 108,702 19,046 14.9% 127,748
> 1988 101,678 8,138 813.8 109,816 20,070 15.5% 129,886
%j 1989 103,691 6,941 694.1 110,632 21,232 16.1% 131,864
% 1990 102,645 7,539 753.9 110,184 21,399 16.3% 131,583
.m'1 1991 99,304 8,644 864.4 107,948 20,676 16.1% 128,624
=] 1992 102,119 8,831 883.1 110,950 21,988 16.5% 132,938
= 1993 103,417 10,287 978.8 113,704 23,490 17.1% 137,194
2 1994 103,997 11,010 1,042.0 115,007 25,124 17.9% 140,131
P 1995 103,968 13,093 1,213.7 117,061 26,206 18.3% 143,267
1996 107,390 12,125 1,076.1 119,515 27,160 18.5% 146,675
e 1997 106,237 14,701 1,328.9 120,938 29,394 196% 150,332
= 1998 110,715 13,979 1,296.8 124,694 30,190 19.5% 154,884
Average annualpercentage change
1973-98 a ‘ ¢ 0.9% 4.6% 1.4%
1988-98 0.9% 5.6% 4.8% 1.3% 4.2% 1.8%
Sour ce:

U.S. Department of Transportation, Federal Highway Administration, Highway Satistics 1998, Washington, DC, 1999, Tables MF-21 and MF-33E, and annual.
(Additional resources. www.thwa.dot.gov)

¢ Estimated for 1980-92 as 10% of gasohol consumption.

® Consists primarily of diesel fuel, with small quantities of liquified petroleum gas
‘Data for gasoline and gasohol cannot be separated in this year.

4 Data are not available.
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Figure 2.1. Motor Gasoline Quantities by Type, 1981 and 1998
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1998

1981

Sour ce:

Washington, DC, Tables 17 and 20.

Petroleum Supply Annual 1998,

U.S. Department of Energy, Energy Information Administration
U.S. Department of Energy, Energy Information Administration

The Motor Gasoline Industry: Past, Present and Future, Washington, DC,

Table 5.
U.S. Department of Transportation, Federal Highway Administration, Highway Satistics 1998, Washington, DC, Table MF-33E, and annual.



Table 2.9
Alternative Vehicle Fuel Consumption, 1992-2000
(thousand gasoline equivalent gallons)

Alternative fuel 1992 1993 1994 1995 1996 1997 1998 1999 2000" Perigr?toage

Liquified petroleum 208,142 264,655 248,467 232,701 239,158 238,356 241,583 243,648 249,550 5.7%
; Compressed natural gas 16,823 21,603 24,160 35,162 46,923 65,192 73,251 86,073 104,501 2.4%
% Liquified naturalgas 585 1,901 2,345 2,759 3,247 3,714 5,343 6,062 7,460 0.2%
% M85P 1,069 1,593 2,340 2,023 1,775 1,554 1,212 1,108 1,062 0.0%
% MI00 2,547 3,166 3,190 2,150 347 347 449 449 449 0.0%
E—:n E8s® 21 48 80 190 694 1,280 1,727 2,489 3,283 0.1%
% E95° 85 80 140 995 2,699 1,136 59 59 59 0.0%
§ Electricity 359 288 430 663 773 1,010 1,202 1,458 1,712 0.0%
:;>; Subtotal 229,631 293,334 281,152 276,643 295,616 312,589 324,826 341,346 368,076 8.4%
8 Oxygenates
; MTBE® 1,175,000 2,069,200 2,018,800 2,691,200 2,749,700 3,104,200 2,915,600 3,097,800 3,111,500 70.9%
% Ethanol in gasohol 701,000 760,000 845,900 910,700 660,200 830,700 916,000 890,200 908,700 20.7%
é Total 2,105,631 3,122,534 3,145,852 3,878,543 3,705,516 4,247,489 4,156,426 4,311,346 4,388,276 100.0%
§ Source:
<

U.S. Department of Energy, Energy Information Administration, Alternatives to Traditional Transportation Fuels, 1998, Washington, DC, 1999, web site
www.eia.doe.gov/cneaf/solar.renewables/alt_trans fuel98/atf1-13_99.html. (Additional resources: www.eia.doe.gov)

‘Based on plans or projections.

Consumption includes gasoline portion of the mixture.

‘Methyl Tertiary Butyl Ether. This category includes a very small amount of other ethers, primarily Tertiary Amyl Methyl Ether (TAME) and Ethyl
Tertiary Butyl Ether (ETBE).
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Table2.10
U.S. Production and Imports of MTBE” and Fuel Ethanol, 1978-99
(million gallons)

Production Imports
Y ear Fuel ethanol MTBE" Fuel ethanol MTBE"
1978 20 b b b
1979 40 b b b
1980 80 b b b
1981 85 122 b b
1982 234 132 b b
1983 443 134 b b
1984 567 235 b b
1985 793 302 b b
1986 798 359 b b
1987 825 b b b
1988 800 b b b
1989 750 b b b
1990 756 b b b
1991 875 b b b
1992 1,080 1,542 b b
1993 1,156 2,081 10 306
1994 1,280 2,205 12 595
1995 1,355 2,506 16 692
1996 974 2,846 13 733
1997 1,274 3,011 4 918
1998 1,387 3,151 3 1,040
1999 1,472 3,315 b b
Aver-age annual percentage change
1978-99 22.7% b b b
1989-99 7.0% b b b
Sour ce:

Production - 1992-99 Ethanol and MTBE: U.S. Department of Energy, Energy
Information Administration, Petroleum Supply Monthly, Washington, DC,
January 1999, Table D1. 1978-90 Ethanol: Information Resources, Inc.,
Washington, DC, 199 1. 198 1-86 MTBE: EA-Muéller,Inc., Baltimore, MD,
1992.

Imports - U.S. Department of Energy, Energy Information Administration,
Petroleum Supply Annual, 1998, Volume |, Washington, DC, 1999, Table 20,
and annual.

“Methyl tertiary-butyl ether.
*Data are not available.
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Great care should be taken when comparing modal energy intensity data among modes. Because of the inherent differences between the
transportation modes in the nature of services, routes available, and many additional factors, it is not possible to obtain truly comparable
national energy intensities among modes.

Table 2.11

Passenger Travel and Energy Usein the United States, 1998
E Vehicle- Passenger- Energy intensities
Z Number of vehicles miles miles Load factor (Btu per (Btu per Energy use
% (thousands) (millions) (millions) (persons/vehicle)  vehicle-mile) passenger-mile) (trillion Btu)
?3, Automobiles 131,838.5 1,545,830 2,473,328 1.6 5,873 3,671 9,078.4
3:3 Personal trucks 55,2317 626,343 1,002,149 1.6 7,166 4,478 4,488.1
S Motor cycles 3,879.5 10,260 12,312 1.2 2,505 2,087 25.7
%1 Buses 658.2 7,957 a a 243,457 a 194.6
g Transit 74.6 2,291 20,602 9.0 38,106 4,238 87.3
Q Intercity 19.2 1,366 31,700 23.2 16,545 713 22.6
g School 582.4 4,300 2 2 19,698 d 84.7
= Air 2 R 477,695 2 2 41,966 2,004.7
%’ Certificated route a 5,031 464,395 923 369,171 3,999 1,857.3
% General aviation 204.7 a 13,300 a a 11,083 147.4
e Recreational boats 12,565.9 2 2 a 2 a 305.9
5
% Intercity® 0713 13164 8765 535 B119 TLRY 41,130 3150 244 43 130
w2 Transit” 11.5 609 13,402 22.0 70,772 3,216 43.1
o Commuter 4.9 251 8,038 32.0 112,351 3,508 28.2
S Sour ce:
o

See Appendix A for Table 2.11.

“Data are not available.

“Amtrak only.

‘Passenger train cars.

“Passenger train car-miles.
‘Revenue passenger-miles.
‘Edtimated using vehicle travel data
£Light and heavy rall.

e1-C



Great care should be taken when comparing modal energy intensity data among modes. Because of the inherent differences between the transportation modes
in the nature of services, routes available, and many additionalfactors, it is notpossible to obtain truly comparable national energy intensities among modes.

Table 2.12
Energy Intensities of Passenger Modes, 1970-98
Light Buses Air Rail
Automobiles truck” Transit’ Intercity School Certificated General Intercity Rail
(Btu per (Btu per Buper  (Btu per (Btu per (Btu per (Btu per ar cariers aviation Amtrak trangit
~ vehiclee  passenger- vehicle- vehiclee  passenger- passenger-  vehicle- (Btu per (Btu per (Btu per (Btu per

§ Year mile) mile) mile) mile) mile) mile) mile) passenger-mile) passenger-mile) passenger-mile)  passenger-mile)

% 1970 9,301 4,896 12,492 31,79 2,472 1,051 17,857 10,351 10,374 ¢ 2,453

O 1975 9,015 4,745 11,890 33,748 2,814 976 17,040 7,883 10,658 3,677 2,962

4 1976 9,130 4,805 11,535 34,598 2,896 996 17,051 7,481 10,769 3,397 2,971

; 1977 8,961 4,716 11,171 35,120 2,889 961 16,983 7,174 11,695 3,568 2,691

% 1978 8,844 4,655 10,815 36,603 2,883 953 17,018 6,333 11,305 3,683 2,210

o 1979 8,647 4,551 10,473 36,597 2,795 963 16,980 5,858 10,787 3,472 2,794

% 1980 7,915 4,166 10,230 36,553 2,813 1,069 16,379 5,837 11,497 3,176 3,008

2 1981 7,672 4,038 10,001 37,145 3,027 1,155 16,385 5,743 11,123 2,957 2,946

~< 1982 7,485 3939 9,275 38,766 3237 1,149 16,296 5,147 13,015 3,156 3,069

E 1983 7,376 4,098 9,141 31,962 3177 1,174 16,236 5,107 11,331 2,957 3212

Z 1984 7,218 4,010 8,945 37,507 3,204 1,247 14,912 5,031 11,454 3,027 3,732

oe, 1985 7,182 3,990 8,754 38,862 2,421 1,324 16,531 5,679 11,707 2,800 3,461

8 1986 7,213 4,007 8,578 39,869 3,512 869 15,622 5,447 11,935 2,574 3,531

n 1987 6,975 3,875 8,376 38,557 3,542 939 15,615 4,753 11,496 2,537 3,534

o 1988 6,700 3,722 8,155 39,121 3415 965 15,585 4814 11,794 2,462 3,585

g 1989 6,602 3,668 7,779 36,583 3,711 963 15,575 4,796 10,229 2,731 3,397

o 1990 6,183 3,864 7,774 36,647 3,735 944 16,368 4,811 10,146 2,609 3453

i 1991 5,925 3,703 7,381 36,939 3811 978 16,419 4,560 9,869 2,503 3,710

S 1992 5,970 3,731 7,263 40,472 4,303 978 16,386 4,482 9,785 2,610 3,575

AR 1993 6,103 3814 7,208 39,005 4,257 972 19,093 4,304 9,653 2,646 3,687

S 1994 6,041 3,775 7,232 40,102 4,604 876 20,591 4,455 9,163 2,351 3,828

= 1995 5,923 3,702 7,237 40,175 4,650 804 13,680 4,236 10,152 2,314 3,818

1996 5,874 3,671 7,247 39,307 4512 785 13,680 4,081 10,481 2,389 3,444

1997 5,822 3,639 6,981 38,101 4318 726 16,432 4,047 9,688 2,458 3,253

1998 5,873 3,671 7,166 38,106 4,238 713 19,698 3,999 11,083 2,460 3,216

Average annual percentage change
1970-98 -1.6% -1.0% -2.0% 0.6% 1.9% -1.4% -0.3% -3.3% -0.2% -1.5%¢ 1.0%
1988-98 -1.3% -0.1% -1.3% -0.3% 2.2% -3.0% 2.4% -1.9% -0.6% 0.0% -1.1%

Source:
See Appendix A for Table 2.12.

2All two-axle, four-tire trucks.

* Series not continuous between 1983 and 1984 because of a change in data source by the American Public Transit Association (APTA)
‘Data are not available.

‘ Average annual percentage change is from earliest year possible.
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Figure 2.2. Energy Intensity for Transit in the U.S., 1998
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Sour ce:

U.S. Department of Transportation, Federal Transit Administration, 1998 National Transit Database, Washington, DC.
(Additional resources. www.fta.dot.gov/ntl)



Great care should be taken when comparing modal energy intensity data among modes. Because of the inherent differences between-the transportation modes

in the nature ofservices, routes available, and many additionalfactors, it is notpossible to obtain truly comparable national energy intensities among modes.

Table2.13
Intercity Freight Movement and Energy Use in the United States, 1998

Number of
vehicles Vehicle-miles Ton-miles Tons shipped  Average length  Energy intensity Energy use
(thousands) (millions) (millions) (millions) of haul (miles) (Btu/ton-mile) (trillion Btu)
Truck” 2,388 133,890 1,027,000 3,952 701° 2,990 3,070.6
Waterborne commerce® 42 ‘ 672,795 1,087 619 436 203.1
Coastwise ’ : 3 14,864 250 1,261 : :
Lakewise : ‘ 61,654 122 504 : ’
Internal and local ’ ‘ 294,896 715 416 ’ :
Pipeline ‘ ‘ ‘ ‘ ‘ ’ 8475
Natural gas ’ ‘ : ’ ’ ’ 689.1
Crude oil and products ‘ ‘ 620,000 1,116 ‘ 256 158.4
Class | railroads 576 32,657 1,376,802 1,649 835 365 502.0
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Sour ce:
See Appendix A for Table 2.13.

“The definition of intercity truck was “tightened” to exclude smaller trucks. See Appendix A for details.

701 miles is for general freight (less than truckload). Based on data from the Eno Transportation Foundation, the average length of
haul for specialized freight (truckload) was 285 miles.

“Includes commerce by foreign and domestic carriers in the U.S.

Data are not available.

“Railroad measures are: number vehicles = number freight cars, vehicle-miles = car-miles, ton-miles = revenue ton-miles.
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Great care should be taken when comparing modal energy intensity data among modes. Because ojthe inherent

differences between the transportation modes in the nature of services, routes available, and many additional
factors, it is not possible to obtain truly comparable national energy intensities among modes.

Table 2.14
Energy Intensities of Freight M odes, 1970-98

Heavy single-unit and Class | freight railroad Domestic waterborne
combination trucks commerce
Y ear (Btu per vehicle-mile) (Btu per freight car-mile)  (Btu per ton-mile) (Btu per ton-mile)
1970 24,154 17,668 691 545
1971 23,694 18,814 717 506
1972 23,871 18,292 714 522
1973 23,977 18,468 677 576
1974 23,983 18,852 681 483
1975 23,836 18,741 687 549
1976 23,773 18,938 680 468
1977 23,873 19,225 669 458
197s 24,013 18,930 641 383
1979 24,260 19,187 618 457
1980 24,431 18,742 597 358
1981 24,892 18,628 572 360
1982 24,296 18,403 553 310
1983 23,740 17,863 525 319
1984 23,363 17,797 510 346
1985 23,015 17,500 497 446
1986 22,917 17,265 486 463
1987 22,391 16,791 456 402
1988 22,586 16,758 443 361
1989 22,391 16,896 437 403
1990 22,765 16,618 420 388
1991 22,710 5,834 391 386
1992 22,559 16,044 393 398
1993 22,308 16,055 389 389
1994 22,159 16,338 388 369
1995 22,172 15,993 372 374
1996 21,964 15,747 368 412
1997 21,340 15,783 370 415
1998 21,514 15,372 365 436
Average annualpercentage change
1970-9s -0.4% -0.5% -2.3% -0.8%
1988-98 -0.5% -0.9% -1.9% 1.9%

Source:
See Appendix A for Table 2.14.
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Chapter 3
Greenhouse Gas Emissions

Summary Statistics from Tables in this Chapter

Source

Table3.1  Greenhouse gas emissions (million metric tonnes) 1990 1997
France 554 550
Germany 1,201 1,036
United Kingdom 727 657
Japan 1,175 1,280
United Sates 5,903 6,514

Table 3.5  Transportation share of U.S. carbon dioxide emissions from fossil fuel

consumption

1984 30.5%
1990 32.2%
1998 32.6%

Table3.6  Carbon dioxide emissions from U.S. transportation energy use, 1998

Motor gasoline 60.8%
Liquified petroleum gas 0.0%
Jet fuel 13.2%
Digtillate fuel 20.0%
Residual fuel 3.1%
Lubricants 0.4%
Aviation gas 0.2%
Natural gas 2.2%
Electricity 0.1%

TRANSPORTATI N ENERGY DATA Book: EDITION 20- 2000 |




3-2

as)/

Table 3.1
International M an-M ade Emissions of Greenhouse Gases, 1990-97”

(CO, equivalent)

1990 1991 1992 1993 1994 1995 1996 1997
met(rrirt]:"[clsr?nes) (percentage relative to 1990, 1990=100)

Australia 410.80 100 101 102 103 106 108 ’
Austria 73.73 106 98 97 99 101 103 105
Canada 590.55 99 102 103 106 109 112 114
Denmark 71.66 115 108 110 115 110 129 117
France 553.58 104 102 98 97 99 101 99
Germany 1,201.12 96 91 89 88 88 89 86
Greece 103.80 100 101 102 103 105 107 b
Ireland 56.86 99 100 100 103 104 105 b
Italy 532.89 b b b 07 102 b b
Japan 1,175.02 102 103 102 108 108 109 109
Netherlands 208.31 103 102 103 03 107 11 ’
New Zealand 71.89 100 101 101 101 101 103 105
Norway 47.13 97 97 102 106 107 113 114
Poland 459.05 b 96 ! 96 b %5 @B
Portugal 68.44 103 109 105 106 b b b
Russian Federation 2,998.77 b b b 70 b b b
Spain 301.43 100 103 100 104 108 b b
Sweden 69.47 93 94 94 98 97 111 100
Switzerland 53.75 103 101 98 97 98 99 96
United Kingdom 726.64 100 97 93 93 91 94 90
United States 5,902.99 99 101 103 105 106 109 110

Sour ce:
United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory Database,

www.unfcee.de/resource, April 2000, October 1998. (Additional resources: www.unfccc.de)

“Includes National totals of C02, CH4, and N20, excluding land-use change and forestry.

“Data are not available.
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Table 3.2
International Man-M ade Emissions of Carbon Dioxide, 1990-97”

1990 1991 1992 1993 1994 1995 1996 1997
met(rrirt]:"[clg)r?nes) (percentage relative to 1990, 1990=100)
Australia 275.34 101 102 103 104 108 112 b
Austria 62.04 107 98 96 98 101 103 106
Canada 461.25 98 101 101 104 107 110 113
Denmark 52.28 120 110 114 121 114 140 123
France 39551 106 104 99 98 100 103 102
Germany 1,014.50 96 91 90 89 89 91 88
Greece 85.35 100 102 102 104 106 108 b
Ireland 30.72 103 105 104 108 111 113 b
Italy 432.61 b b b 96 101 b b
Japan 1,124.53 102 103 102 108 108 110 109
Netherlands 40.40 103 106 110 107 110 113 0
New Zealand 25.24 102 110 107 107 107 115 120
Norway 35.20 95 97 102 108 109 117 118
Poland 380.70 b 08 b 98 b %8 95
Portugal 47.12 104 112 107 108 b b b
Russian Federation 2,372.30 b b b 70 b b b
Spain 226.42 100 104 100 105 109 b b
Sweden 55.44 100 101 101 106 105 114 102
Switzerland 45.07 104 101 98 96 98 100 96
United Kingdom 584.17 101 98 96 95 94 97 93
United States 4,928.90 99 100 103 104 106 109 111

Source:

United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory Database,
www.unfcee.de/resource, April 2000. (Additional resources: www.unfccc.de)

“Includes National totals of C02, excluding land-use change and forestry.

“Data are not available.
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Table 3.3
International Man-Made Emissions of Carbon Dioxide by Sour ce Category, 1990 and 1997”
Energy (excl transport) Transport Industrial processes Totd
1990 1997 1990 1997 1990 1997 1990 1997

(MMTY % (MMT) % (MMT) % (MMT) % (MMT) % (MMT) % MMT) (MMT)
Australia® 209 75.9 234 75.9 60 21.6 67 21.8 7 24 7 23 275 308
Austria 35 56.2 38 57.7 14 224 16 23.9 13 205 12 17.6 62 66
Canada 275 59.6 306 58.9 147 31.9 174 335 32 6.9 38 7.3 461 519
Denmark 41 77.8 51 78.7 10 20.0 12 18.8 1 19 2 24 52 64
France 241 61.8 241 59.8 123 315 138 34.3 21 54 18 4.4 391 402
Germany 824 81.3 694 77.6 162 16.0 175 19.6 28 2.7 25 2.8 1,014 894
Greece® 62 2.7 66 721 15 17.8 17 18.8 8 9.1 8 8.8 85 92
Ireland® 24 78.6 26 76.1 5 15.9 7 18.8 2 5.3 2 5.0 31 35
Italy® 307 70.9 303 69.1 96 221 110 25.1 28 6.4 23 5.2 433 438
Japan 846 75.2 899 731 207 184 251 20.4 59 5.2 GO 4.8 1,125 1,231
Netherlands® 129 80.2 149 80.3 29 17.7 33 18.1 2 12 2 0.9 161 185
New Zeadand 14 56.3 16 51.9 9 34.2 11 37.1 2 9.5 1 2.3 25 30
Norway 15 415 18 43.9 14 39.2 15 36.9 7 18.9 8 18.7 35 41
Poland 342 89.9 324 89.7 29 7.6 27 7.4 9 24 11 2.9 381 362
Portugal 29 62.3 30 59.6 14 29.8 17 33.1 3 73 3 6.7 47 51
Russian Federation® 2,326 98.0 1,619 97.5 - 0.0 - 0.0 46 2.0 24 14 2,372 1,660
Spain® 150 66.1 166 66.9 58 25.7 64 25.9 18 7.8 17 7.0 226 248
Sweden 33 59.0 33 58.8 19 33.6 20 34.6 4 6.8 4 6.6 55 56
Switzerland 26 57.1 24 56.5 15 325 15 35.2 3 75 2 51 45 43
United Kingdom 453 77.6 405 74.9 116 19.9 124 22.9 14 24 12 2.2 583 541
United States 3,390 68.6 3,756 68.8 1,499 30.3 1,635 30.0 55 11 65 12 4,943 5,456

Source:

United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory Database, www.unfcce.de/resource, April 2000.
(Additional resources: www.unfccc.de)

‘National totals excluding land-use change and forestry.

®1997 data were not available. Australia, Greece, Irdland, and the Netherlands data are 1996 Italy and Spain data are 1995; and Russian Federation data are 1994.
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Table3.4
Estimated U.S. Emissions of Greenhouse Gases, 1990-98
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Greenhouse gas Unit of measure® 1990 1991 1992 1993 1994 1995 1996 1997 1998
Carbon dioxide million metric tons of gas 49390 4,886.0 49729 51095 5,169.7 5,220.5 53956 5,464.9 54834
million metric tons of carbon 1,347.0 1,333.0- 1,356.0 1,389.0 14100 14240 14720 1,490.0 1,495.0
Methane million metric tons of gas 30.2 30.5 30.6 29.9 30.0 30.2 29.3 29.3 28.8
million metric tons of carbon (gwp)® 173.0 174.0 175.0 171.0 172.0 173.0 168.0 168.0  165.0
Nitrous oxide million metric tons of gas 12 12 12 12 13 13 12 12 12
million metric tons of carbon (gwp)b 99.0 101.0 103.0 103.0 111.0 106.0 105.0 104.0  103.0
Carbon monoxide million metric tons of gas 86.8 88.6 85.5 85.6 89.5 80.7 82.3 79.2 )
Nitrogen oxide million metric tons of gas 21.2 21.3 216 21.8 22.1 21.5 21.3 21.4 )
Nonmethane VOCs® million metric tons of gas 18.9 19.0 186 18.8 194 18.6 17.4 173
CFC—11,12,113d million metric tons of gas 0.2 0.2 0.1 01 01 01 01 0.0 0.0
HCFC-22¢ million metric tons of gas 01 01 0.1 0.1 0.1 0.1 0.1 0.1 01
HCFC-23 and PFCs® million metric tons of carbon (gwp)” 22.0 22.0 23.0 24.0 26.0 32.0 36.0 38.0 40.0

Sour ce:

U.S. Department of Energy, Energy Information Administration, Emissions of Greenhouse Gases in the United Sates, 1998, Washington, DC, October

1999, p. ix, X. (Additional resources: www.eia.doe.gov)

Criteria pollutants (CO, NO,, VOC) -U.S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1997, 1998, pp. A-6, A-l 1,

A- 18. (Additional resources: www.epa.gov/oar/oaqps)

Gases that contain carbon can be measured either in terms of the full molecular weight of the gas or just in terms of their carbon content. See

Appendix B, Table B.5 for details.
®Based on global warming potential.
‘Data are not available.

4V OC=volatile organic compounds. CFC=chlorofluorocarbons. HCFC=hydrochlorofluorocarbons. HFC=hydrofluorocarbons.

PFC=perfluorocarbons.
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. ________________________________________________________________________________________________________________]
Gases which contain carbon can be measured in terms of the full molecular weight of the gas or just in. terms of their carbon content.  This

table presents carbon content. The ratio of the weight of carbon to carbon dioxide is 0.2727. |

Table3.5
U.S. Carbon Dioxide Emissions from Fossil Energy Consumption
by End-Use Sector, 1984-98"
(million metric tons of carbon)

End use 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Energy consumption sectors

Residential 2411 245.8 244.0 251.0 2648 2675 253.1 257.1 255.9 271.7 268.3 270.3 2859 284.8 284.5
Commercia 188.8 189.6 190.4 197.2 2076 2101 206.7 2064 2054 2113 213.8 217.9 226.0 238.0 238.4
Industrial 434.4 424.1 409.0 422.7 444.1 450.4 4537 4422  459.8  458.9 467.1 466.0  480.0 483.7 477.7

Transportation 379.0 384.4 399.1 4111 4275 4327 4328 4243 4311 436.4 4491 4576  468.7 473.4 484.9
Percentage 30.5%  30.9% 32.1% 32.1% 31.8% 31.8% 322% 31.9% 31.9% 31.7% 321% 324% 321% 32.0% 32.6%

Total energy 1,243.3 1,2439 1,2425 1,282.0 1,344 .0 1,360.9 1,345.2 1,330.0 1,351.3 1,378.2 1,398.3 1,411.7 1,460.5 1,478 .0 1,485.4

Electric utility sector

Electric utility® 427.9 438.9 435.4 452.6 4759 4840 4767 4733 4728 4905  494.0 495.2 513.0 532.8 549.8

Source:
U.S. Department of Energy, Energy Information Administration, Emissions of Greenhouse Gases in the United Sates, 1998, Washington, DC,

October 1999, p. 22, and annual. (Additional resources. www.ea.doe.gov)

“Includes energy from petroleum, coal, and natural gas. Electric utility emissions are distributed across consumption sectors.
®Does not include estimates of carbon dioxide emissions from the use of flue gas desulfurization.
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U.S. Carbon Dioxide Emissions from Energy Use in the Transportation Sector, 1980-98

Table 3.6

(million metric tons of carbon)

1980 1985 1990 1995 1998

Fue Emissions Percentage Emissions Percentage Emissions Percentage  Emissions Percentage  Emissions Percentage
Petroleum

Motor

gasoline 238.1 62.9% 245.1 63.8% 260.9 60.4% 279.9 61.1% 294.6 60.8%

LPG” 0.3 0.1% 0.5 0.1% 0.4 0.1% 0.3 0.1% 0.2 0.0%

Jet fuel 42.0 11.1% 48.0 12.5% 60.1 13.9% 60.0 13.1% 64.2 13.2%

Distillate fuel 55.3 14.6% 63.3 16.5% 75.7 17.5% 85.1 18.6% 96.9 20.0%

Residual fuel 30.0 7.9% 16.7 4.3% 21.9 5.1% 19.7 4.3% 14.9 3.1%

Lubricants 1.8 0.5% 1.6 0.4% 1.8 0.4% 1.7 0.4% 1.8 0.4%

Aviation gas 12 0.3% 0.9 02% 0.8 0.2% 0.7 0.2% 0.7 0.2%

Total 368.7 97.4% 376.1 97.8% 421.5 97.5% 447.4 97.6% 473.4 97.6%
Other energy

Natural gas 9.4 2.5% 7.5 2.0% 9.8 2.3% 104 2.3% 10.8 2.2%

Electricity 0.3 0.1% 0.7 0.2% 0.7 0.2% 0.6 0.1% 0.7 0.1%

Total 378.4 100.0% 384.4 100.0% 432.1 100.0% 458.5 100.0% 484.9 100.0%

Sour ce:

U.S. Department of Energy, Energy Information Administration, Emissions of Greenhouse Gases in the United Sates, 1998, Washington, DC,
October 1999, p. 24, and annual. (Additional resources: www.eia.doe.gov)

*Liquified petroleum gas.
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Global Warming Potentials (GWP) were developed to allow comparison of each greenhouse gas
ability to trap heat in the atmosphere relative to carbon dioxide. Extensive research has been
performed and it has been discovered that the effects of various gases on global warming are too

complex to be precisely summarized by a single number. Further understanding of the subject also
causes frequent changes to estimates. Despite that, the scientific community has developed
approximations, which are shown below. Most analysts use the 700-year time horizon.

Table3.7
Numerical Estimates of Global Warming Potentials Compared With Carbon Dioxide
(kilogram of gas per kilogram of carbon dioxide)

Direct effect for time horizons of

Lifetime
Gas (years) 20 years 100 years 500 years

Carbon Dioxide Variable 1 1 1
Methane 1243 56 21 7
Nitrous Oxide 120 280 310 170
HFCs, PFCs, and other gases

HFC-23 264 9,200 12,100 9,900

HFC-125 33 4,800 3,200 11

HFC-134a 15 3,300 1,300 420

HFC-152a 2 460 140 42

HFC-227ea 37 4,300 2,900 950

Perfluoromethane 50,000 4,400 6,500 10,000

Perfluoroethane 10,000 6,200 9,200 14,000

Sulfur hexafluoride 3,200 16,300 23,900 34,900

Sour ce:

U.S. Department of Energy, Energy Information Administration, Emissions of Greenhouse Gases in the United
Sates 1998, Washington, DC, October 1999, p. 8. Original source: Intergovernmental Panel on Climate
Change. (Additional resources: www.eia.doe.gov, www.ipcc.ch)

Note:

The typical uncertainty for global warming potentials is estimated by the Intergovernmental Panel on Climate
Change at + 35 percent.
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The Greenhouse Gases, Regulated Emissions, and Energy Use
in Transportation (GREET) Modd

The energy in greenhouse gas estimates of the most recent version (Version 1.5a) of the GREET model
are displayed in the next two tables. The mode estimates the full fuel-cycle emissions and energy use
associated withvarious transportation fuels and advanced transportation technologies for light-duty vehicles.
It calculates fud-cycle emissions of three greenhouse gases (carbon dioxide, methane, and nitrous oxide)
and five criteria pollutants (volatile organic compounds, carbon monoxide, nitrogen oxides, sulfur oxides,
and particulate matter measuring 10 microns or less). See Chapter 4 for the criteria pollutant data from
GREET. The model also calculates the total fuel-cycle energy consumption, fossil fuel consumption, and
petroleum consumption using various transportation fuels. The fud cycles that are included in the GREET
model are:

petroleum to conventional gasoline, reformulated gasoline, conventional diesal, reformulated diesd,
liquefied petroleum gas, and eectricity via residua oail;
natural gas to compressed natural gas, liquefied natural gas, liquefied petroleum gas, methanol, Fischer-
Tropsch diesdl, dimethyl ether, hydrogen, and electricity;
coal to electricity;
uranium to electricity;
* renewable energy (hydropower, solar energy, and wind) to eectricity;
corn, woody biomass, and herbaceous biomass to ethanal;
soybeans to biodiesdl; and

landfill gases to methanal.

Near-term technologies are ones which may be applied to 2000 model-year cars and Long-term

technologies are ones which may be applied to 20 10 model-year cars.

For additional information about the GREET model, see GREET 1.5 -~ Transportation Fuel-Cycle Model,
Volume 1: Methodology, Development, Use and Results, ANL/ESD-39, Val. 1, August 1999, or contact:

Michael Q. Wang

Argonne National Laboratory
9700 South Cass Avenue, ES/362 GREET Web Site:
Argonne, IL 60439-48 15
phone: 630-252-2819
fax: 630-252-3443
email: mqwang@anl.gov

http://www.transportation.anl.gov/ttrdc/greet/
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Acronyms Used on Tables 3.8 and 3.9

Emissions acronyms Geographical acronyms

co2 carbon dioxide CA Cdlifornia

GHGs greenhouse gases NE northeast
us United States

Technologies acronyms

BD20 mixture of 20% biodiesel and 80% conventional diesel (by volume)

CARFG2 California Phase 2 reformulated gasoline

CD conventional diesd

CIDI compression ignition, direct injection

CNG compressed natural gas

CNGV compressed natural gas vehicle

Dedi. dedicated

DME dimethyl ether

EIO mixture of 10% ethanol and 90% gasoline (by volume)

E85 mixture of 85% ethanol and 15% gasoline (by volume)

E90 mixture of 90% ethanol and 10% gasoline (by volume)

ETBE ethyl tertiary butyl ether

EtOH ethanol

EtOHV ethanol vehicle

EV electric vehicle

FCV fuel-cell vehicle

FFV flexible fuel vehicle

FRFG2 Federal Phase 2 reformulated gasoline

FG flared gas

FT50 mixture of 50% Fischer-Tropsch diesal and 50% conventional diesel (by volume)

FT100 100% Fischer-Tropsch diesel

GC grid-connected

Gl grid-independent

GHGs greenhouse gases

GV gasoline vehicle

H, hydrogen

HB herbaceous biomass

HEV hybrid electric vehicle

LFG land-fill gas

LNG liquefied natural gas

LNGV liquefied natural gas vehicle

LPG liquefied petroleum gas

LPGV liquefied petroleum gas vehicle

MS85 mixture of 85% methanol and 15% gasoline by volume

M90 mixture of 90% methanol and 10% gasoline by volume

MeOH methanol

MeOHV methanol vehicle

MTBE methyl tertiary butyl ether

NG natural gas

RFD reformulated diesel

SI spark ignition

SIDI spark-ignition, direct-injection

WB woody biomass

TN 3
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Table3.8

NEAR-TERM Technology (for MY 2000 vehicles)
Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(percentage relative to conventional gasoline vehicles fueled with conventional gasoline)
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Bi-Fuel Dedi.
GV: FRFG2, GV: FRFG2, CNGV on Dedi. LPGV: M85 FFV: E85FFV:
MTBE EtOH CIDI: CD CNG Dedi. CNGV LPGV: NG Crude NG Corn
Total Emissions:
Total Energy 0.0% 0.4% -29.7% 8.6% 5.1% -9.6% -8.6% 15.3% 17.8%
Fossil fuels 0.0% -3.5% -29.6% 6.9% 3.4% -9.2% -8.6% 16.0% -41.9%
Petroleum -11.0% -3.6% -26.7% -99.3% -99.4% -98.2% -3.4% -72.6% -74.3%
co2 1.8% -5.0% -23.5% -9.9% -12.8% -11.6% -9.8% -1.9% -36.3%
GHGs 2.2% -4.2% -24.3% -4.1% -6.7% -11.0% -9.6% -1.7% -25.8%
GC sIDI
HEV: Gl SIDI Gl SIDI
CARFG2, HEV: HEV:
E10 GV: EV: NE US EtOH, CA FRFG2, FRFG2, Gl CIDI
Corn EV: US Mix Mix EV: CA Mix Mix MTBE EtOH HEV: CD

Total Emissions:

Total Energy 2.0% -13.7% -14.2% -17.0% -35.8% -47.4% -47.2% -52.5%

Fossil fuels -3.4% -39.1% -46.4% -69.0% -52.6% -47.4% -49.2% -52.5%

Petroleum -6.3% -98.2% -96.8% -99.6% -61.7% -53.2% -49.3% -50.6%

co?2 -2.9% -25.5% -41.5% -70.3% -54.0% -46.5% -50.0% -48.4%

GHGs -1.9% -26.7% -41.9% -70.1% -53.1% -45.2% -48.6% -48.5%

Source:
Wang, Michagl Q., GREET 1.5a Model Results, Argonne Nationa Laboratory, Argonne, IL, April 2000.

Note: See page preceding Table 3.8 for acronym definitions.
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Table3.9
LONG-TERM Technology (for MY 2010 vehicles)
Fuel-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasoline)
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Dedi. Dedi. Dedi. Dedi. Dedi.
Dedi. Dedi. Dedi. LPGV: MeOHYV: MeOHV: EtOHV: EtOHV:
Dedi. CNGV LNGV: NG LNGV: FG LPGV: NG Crude M90, NG M90, FG E90, Corn  E90, WB
Total Emissions:
Tota Energy -8.5% -5.7% -89.8% -17.8% -16.9% 10.5% -77.5% 10.1% 90.7%
Fossil fuds -9.4% -5.2% -90.0% -17.5% -16.9% 11.1% -77.7% -52.0% -88.7%
Petroleum -99.4% -97.8% -95.9% -98.2% -1.3% -78.1% -78.1% -80.1% -76.1%
co2 -25.0% -24.5% -93.3% -21.0% -19.5% -8.1% -77.1% -49.8% -122.8%
GHGs -22.0% -21.5% -90.0% -20.7% -19.4% -8.2% -75.5% -40.3% -115.4%
Gl SIDI
Dedi. SIDI: Dedi. MeOH Dedi. MeOH Dedi. EtOH Dedi. EtOH Dedi. EtOH HEV:
EtOHV: FRFG2, SIDI: M90, SIDI: M90, SIDI: E90, SIDI: E90, SIDI: E90, FRFG2, Gl Sl HEV:
E90. HB EtOH NG FG corn WB HB EtOH CNG
Total Emissions:
Tota Energy 77.6% -20.0% -5.2% -82.7% -3.1% 67.8% 56.3% -47.4% -43.5%
Fossil fuels -80.5% -20.0% -4.7% -135.5% -57.8% -90.1% -82.8% -47.4% -44.0%
Petroleum -78.5% -20.0% -82.1% -82.1% -82.5% -78.9% -81.1% -47.4% -99.6%
co2 -94.9% -20.0% -21.4% -82.1% -55.8% -120.1% -95.5% -47.4% -53.7%
GHGs -80.7% -19.5% -21.2% -80.5% -47.2% -113.3% -82.8% -46.3% -51.0%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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Table 3.9 (continued)

LONG-TERM Technology (for MY 2010 vehicles)
Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasoline)

Gl SIDI Gl SIDI Gl SIDI Gl SIDI Gl SIDI
Gl Sl HEV: GI Sl HEV: GI SI HEV: GI SI HEV: HEV: M90, HEV: M90, HEV: E90, HEV: E90, HEV: E90,
LNG, NG LNG, FG LPG, NG LPG, Crude NG FG corn WB HB
Total Emissions:
Total Energy -41.8% -93.7% -46.8% -46.2% -54.0% -54.1% -36.3% 10.4% 2.8%
Fossil fuels -4 1.4% -93.8% -46.6% -46.3% -35.7% -121.7% -712.2% -93.5% -88.7%
Petroleum -98.7% -97.5% -98.8% -36.1% -87.3% -87.3% -88.5% -86.1% -87.5%
co2 -53.4% -95.9% -48.9% -47.9% -46.8% -86.8% -71.0% -113.3% -97.1%
GHGs -50.7% -93.0% -47.9% -47.1% -46.0% -85.0% -64.5% -107.9% -87.9%
GC SIDI GC sIDI
GC SIDI HEV: RFG2, HEV: RFG2, GC S| HEV: GC Sl HEV: GC Sl HEV: GC Sl HEV: GC Sl HEV: GC Sl HEV:
HEV: RFG2, EtOH,NE EtOH,CA CNG,US CNG,NE CNG,CA LNG,NG, LNG,FG, LNG,NG,
EtOH. USMix  US Mix Mix Mix US Mix Mix US Mix USMix  NE US Mix
Total Emissions:
Total Energy -43.9% -44.4% -44.1% -40.9% -41.5% -41.2% -39.7% -77.2% -40.2%
Fossil fuels -47.5% -48.8% -55.3% -45.9% -47.3% -54.0% -44.0% -81.8% -45.2%
Petroleum -61.4% -61.3% -61.7% -99.3% -99.2% -99.7% -98.7% -97.8% -98.5%
co2 -44.5% -48.1% -55.6% -50.2% -53.9% -61.6% -50.0% -80.7% -53.2%
GHGs -44.1% -47.5% -54.9% -48.6% -52.0% -59.6% -48.4% -78.9% -51.3%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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Table 3.9 (continued)
LONG-TERM Technology (for MY 2010 vehicles)

Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies

(per centage relative to gasoline vehicles fueled with reformulated gasoline)

GC S HEV: GC Sl HEV: GC Sl HEV: GC Sl HEV: GC SI HEV: GC Sl HEV: GC S| HEV: GC SI HEV: GC Sl HEV:
LNG, FG, LNG, NG, LNG,FG, LPG, NG, LPG, Crude, LPG, NG, LPG, Crude, LPG, NG, LPG, Crude,

NE USMix  CA Mix CA Mix US. Mix U.S. Mix NEUSMix NEUSMix CA Mix CA Mix
Total Emissions:
Total Energy -77.7% -40.0% -77.4% -43.3% -42.9% -43.9% -43.5% -43.6% -43.2%
Fossil fuds -83.1% -51.0% -89.4% -47.7% -47.5% -49.0% -48.8% -55.0% -55.0%
Petroleum -97.6% -98.9% -98.1% -98.8% -53.6% -98.6% -53.4% -99.1% -53.8%
co2 -84.0% -59.9% -91.2% -46.7% -46.0% -50.0% -49.3% -56.8% -56.3%
GHGs -82.1% -57.9% -89.1% -46.4% -45.8% -49.4% -48.9% -56.1% -55.8%
GC sSIDI GC SIDI GC SIDI GC SIDI
GC sIDI GC SIDI HEV: M90, HEV: M90, GC SIDI GC SIDI HEV: E90, HEV: E90, GC SIDI
HEV: M90, HEV: M90, NG, NE US FG, NE US HEV: M90, HEV: M90, Corn, US WB, us HEV: E90,
NG, US Mix FG, US Mix Mix Mix NG, CA Mix FG, CA Mix Mix Mix HB, US Mix
Total Emissions:
Total Energy -35.7% -72.3% -36.2% -72.9% -35.9% -72.6% -35.9% -2.3% -7.8%
Fossil fuels -40.0% -101.8% -41.2% -103.2% -47.1% -109.7% -66.2% -81.5% -78.1%
Petroleum -90.5% -90.5% -90.3% -90.3% -90.8% -90.8% -91.3% -89.7% -90.7%
c 0 2 -45.3% -74.1% -48.5% -77.4% -55.2% -84.5% -62.7% -93.1% -81.5%
GHGs -45.1% -73.1% -48.1% -76.3% -54.6% -83.2% -58.4% -89.6% -75.2%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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Table 3.9 (continued)
LONG-TERM Technology (for MY 2010 vehicles)

Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasoline)

0¢ NOLLIAY ¥00d VLV ADYENH NOILVIIOISNVY T,

000¢

GC SIDI GC sIDI GC sIDI GC SIDI GC sIDI
HEV: E90, HEV: E90, HEV: E90, HEV: E90, HEV: E90, GC SIDI
Com, NE WB,NEUS HB,NEUS Corn, CA WB, CA HEV: E90, CIDI: DME, CIDI: DME,
US Mix Mix Mix Mix Mix HB, CA Mix CIDI: RFD NG FG
Total Emissions:
Total Energy -36.4% 2.6% -8.2% -36.1% -2.5% -8.0% -35.1% -17.1% -94.8%
Fossil fuels -67.5% -82.4% -79.2% -73.7% -86.6% -84.6% -35.1% -16.6% -148.4%
Petroleum -91.2% -89.5% -90.5% -91.6% -89.8% -90.9% -25.0% -97.9% -97.9%
co?2 -66.0% -95.4% -84.4% -73.0% -100.4% -90.6% -30.7% -33.5% -94.5%
GHGs -61.5% -91.8% -77.9% -68.3% -96.6% -83.9% -31.6% -34.3% -93.4%
Gl CIDI Gl CIDI Gl CIDI Gl CIDI
CIDI: CIDI: Gl CIDI HEV: DME, HEV: DME, HEV: HEV: Gl CIDI
FT100. NG FTIOO. FG CIDI: BD20 HEV: RFD NG FG FTIOO, NG FTIOO, FG HEV: BD20
Total Emissions:
Total Energy 4.0% -92.0% -3 1.5% -57.7% -45.9% -96.6% -32.2% -94.8% -55.3%
Fossil fuels 4.7% -145.6% -31.7% -57.7% -45.6% -131.6% -31.7% -129.8% -55.5%
Petroleum -97.5% -97.5% -36.7% -51.1% -98.6% -98.6% -98.4% -98.4% -58.7%
co?2 -20.9% -87.7% -38.9% -54.8% -56.7% -96.5% -48.4% -92.0% -60.2%
GHGs -22.3% -87.3% -39.3% -55.0% -56.7% -95.3% -48.9% -91.3% -60.0%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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LONG-TERM Technology (for MY 2010 vehicles)

Table 3.9 (continued)

Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasoline)

GC CIDI

GC CIDI

GC CIDI

GC CIDI
HEV: RFD, HEV: RFD, HEV: RFD, HEV: DME, HEV: DME, NG, NE US FG, NE US HEV: DME, HEV: DME,

GC CIDI

GC CIDI

HEV: DME, HEV: DME,

GC CIDI

GC CIDI

GC CIDI

USMix NEUSMix CA Mix NG, US Mix FG, US Mix Mix Mix NG, CA Mix FG, CA Mix
Total Emissions:
Total Energy -50.7% -51.3% -51.0% -42.1% -79.2% -42.7% -79.8% -42.4% -79.5%
Fossil fuels -55.2% -56.6% -62.7% -46.4% -109.3% -47.7% -110.7% -53.5% -117.3%
Petroleum -63.8% -63.6% -64.1% -98.6% -98.6% -98.5% -98.5% -98.9% -98.9%
co2 -50.5% -53.8% -60.7% -51.9% -81.0% -55.0% -84.3% -61.7% -91.4%
GHGs -51.0% -54.1% -60.9% -52.3% -80.5% -55.2% -83.7% -61.8% -90.6%
GC CIDI GC CIDI GC CIDI GC CIDI GC CIDI GC CIDI
HEV: HEV: HEV: HEV: HEV: HEV: GC CIDI GC CIDI GC CIDI
FTIOO, NG, FTIOO, FG, FTIOO, NG, FTIOO, FG, FTIOO, NG, FTIOO, FG, HEV: BD20, HEV: BD20, HEV: BD20,
US Mix USMix NEUSMix NEUSMix CA Mix CA Mix USMix NEUSMix CA Mix
Total Emissions:
Total Energy -32.1% -77.9% -32.6% -78.5% -32.3% -78.2% -49.0% -49.6% -49.3%
Fossil fuels -36.2% -108.0% -37.5% -109.4% -43.2% -115.9% -53.6% -55.0% -61.3%
Petroleum -98.4% -98.4% -98.2% -98.3% -98.7% -98.7% -69.4% -69.2% -69.7%
co2 -45.8% -77.7% -48.9% -81.0% -55.5% -88.1% -54.4% -57.8% -65.0%
GHGs -46.6% -77.6% -49.5% -80.7% -56.0% -87.6% -54.7% -57.9% -64.9%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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Table 3.9 (continued)
LONG-TERM Technology (for MY 2010 vehicles)

Fuel-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasoline)

FCV:
Gaseous H,,
— Electric Electric Electric FCV: NG, FCV:
S Vehicl_e, us Vehicle,_NE Vehiclg, CA Gaseous H,, Refue_ling Gaseous H,, FCV: Liquid FCV: Liquid FCV: Liquid
2 Mix US Mix Mix NG, Centra Station Solar H,, NG H,, FG H,, Solar
% Total Emissions:
% Tota Energy -39.0% -40.9% -39.9% -53.8% -48.3% -62.6% -38.9% -86.9% -71.9%
rzn Fossil fuels -54.0% -58.4% -79.0% -55.8% -49.8% -91.4% -39.4% -87.1% -71.7%
E Petroleum -98.7% -98.2% -99.6% -99.6% -96.5% -99.8% -99.1% -99.2% -98.5%
2 co2 -45.3% -56.3% -79.7% -62.3% -58.3% -90.5% -5 14% -90.1% -99.1%
g GHGs -46.3% -56.7% -79.8% -63 .0% -58.5% -90.6% -52.8% -91.1% -99.2%
-
8
r
g FCV: FCV: FCV: RFG2, EtOH FCVs: EtOH FCVs: EtOH FCVs: NG FCV: FCV: LNG,
g MeOH, NG MeOH, FG EtOH FCV: RFD Corn WB HB CNG NG
» Total Emissions:
S Tota Energy -45.1% -96.4% -50.0% -51.4% -37.7% 13.9% 5.5% -51.9% -50.5%
§ Fossil fuels -44.8% -131.4% -50.0% -51.3% -77.5% -101.0% -95.7% -52.4% -50.2%
Petroleum -98.4% -98.4% -50.0% -43.7% -96.5% -93.9% -95.5% -99.7% -98.9%
co2 -56.0% -96.2% -50.0% -48.0% -76.1% -122.8% -104.9% -60.5% -60.3%
GHGs -56.5% -95.8% -50.7% -49.5% -70.8% -118.9% -96.7% -59.6% -59.3%

Table continued on next page. See page preceding Table 3.8 for acronym definitions.
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Table 3.9 (continued)
LONG-TERM Technology (for MY 2010 vehicles)

Fud-Cycle Energy and Greenhouse Gas Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(per centage relative to gasoline vehicles fueled with reformulated gasolide)

FCV: LNG, FCV: LPG, FCV: LPG,

FG NG Crude
Total Emissions:
Total Energy -94.7% -54.8% -54.3%
Fossil fuels -94.7% -54.6% -54.3%
Petroleum -97.9% -99.0% -96.9%
co2 -96.4% -56.5% -55.7%
GHGs -95.3% -57.2% -56.5%

Sour ce:

Wang, Michadl Q., GREET 1.5a Model Results, Argonne National Laboratory, Argonne, IL, April 2000.

Note: See page preceding Table 3.8 for acronym definitions.
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Chapter 4
Criteria Pollutants

Summary Statistics from Tables in this Chapter

Source

Table 4.1 Transportation’s share of U.S. emissions, 1998

co 78.6%
NOy 53.4%
vocC 43.5%
PM-10 2.1%
PM-2.5 7.2%
SO, 7.2%
NH, 5.2%

Table4.10  Transportation's share of lead emissions
1970 82.3%
1998 13.1%

TRANSPORTATION ENERGY DATA BOOK: EDITION 20-—2000




Table 4.1
Total National Emissions of the Criteria Air Pollutants by Sector, 1998
(millions of short tonsg/per centage)

Sector co NO, voc PM-10 PM-2.5 SO, NH,
Highway vehicles 50.39 777 5.33 0.26 0.20 0.33 0.25

56.3% 31.8% 29.7% 0.7% 2.4% 17% 51%

Aircraft 0.96 0.16 0.18 0.04 0.03 0.01 0.00

1.1% 0.7% 1.0% 0.1% 0.3% 01% 0.1%

Railroads 0.12 0.95 0.05 0.03 0.03 0.11 0.00

0.1% 3.9% 0.3% 0.1% 0.4% 06%  0.0%

Vessels 0.14 1.00 0.04 0.04 0.04 0.26 0.00

0.2% 4.1% 0.2% 0.1% 0.5% 1.3% 0.0%

Other off-highway 18.71 3.17 2.19 0.35 0.31 0.70 0.00

20.9% 13.0% 12.2% 1.0% 3.7% 3.6% 0.0%

Transportation total 70.30 13.05 7.79 0.72 0.61 141 0.26
78.6% 53.4% 43.5% 2.1% 7.2% 7.2%  52%

Stationary source fuel combustion 5.37 10.19 0.89 1.09 0.79 16.72 0.06
6.0% 41.7% 5.0% 3.1% 9.4% 85.1% 12%

Industrial processes 371 0.80 8.02 0.71 0.39 1.46 0.25
4.1% 3.3% 44.8% 2.0% 4.7% 74%  5.1%

Waste disposal and recycling total 115 0.10 0.43 0.31 0.24 004  0.09
1.3% 0.4% 2.4% 0.9% 2.8% 02% 17%

Miscellaneous 8.92 0.33 0.79 31.92 6.35 0.01 4.28
10.0% 1.3% 4.4% 91.9%  75.8% 0.1% 8 6.6%

Total of all sources 89.45 24.45 17.92 34.74 8.38 19.65 4.94

100.0% 100.0%  100.0% 100.0% 100.0% /00.0% 100.0%

Sour ce:
All other-U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000,
Appendix A. (Additional resources: www.epa.gov/oar/oaqps)

Note:
CO = Carbon monoxide. NO, = Nitrogen oxides. PM-10 = Particulate matter less than 10 microns.

PM-2.5 = Particulate matter less than 2.5 microns. SO, = Sulfur dioxide. VOC = Volatile organic compounds.
NH, = Ammonia.
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The transportation sector accountedfor more than three-fourths of the nation ’s carbon monoxide (CO)
emissions in 1998. Highway vehicles are by far the source of the greatest amount of CO. For details
on the highway emissions of CO, see Table 4.3.

Table4.2
Total National Emissions of Carbon Monoxide, 1970-98*
(million short tons)

Percent
of total,

Source category 1970 1980 1990 1995 1997 1998 1998
Highway vehicles 88.03  78.05 57.85 54.11 51.67 50.39 56.3%
Aircraft 0.51 0.74 0.90 0.94 0.96 0.96 1.1%
Railroads 0.07 0.10 0.12 0.11 0.12 0.12 0.1%
Vessels 0.02 0.06 0.13 0.13 0.14 0.14 0.2%
Other off-highway 11.38 13.59 17.04 19.04 18.71 1871  20.9%
Transportation total 100.00 9254  76.04 7433 70.30 70.30 78.6%
Stationary fuel combustion total 4.63 7.30 551 5.93 5.37 5.37 6.0%
Industrial processes total 9.84 6.95 4.77 461 3.71 3.71 4.1%

Waste disposal and recycling total 7.06 2.30 1.08 1.19 115 115 1.3%

Miscellaneous total 7.91 8.34 11.21 7.05 8.92 892 10.0%
Total of all sources 129.44 117.43 98.53 93.35 89.45 89.45 100.0%
Sour ce:

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000,
pp. A-I-A-5, and annua. (Additional resources. www.epa/oar/oagps)

Note:

Emission estimation methodology changes indicated by shaded areas. Transportation methodologies
changed in 1970, while all others changed in 1990.

“The sums of subcategories may not equal total due to rounding.
“Recreational marine vessels.
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Table 4.3

Emissions of Carbon Monoxide from Highway Vehicles, 1970-98*

(million short tons)

Source category 1970 1975 1980 1985 1990 1992 1993 1994 1995 1996 1997 1998 tpoglc,ezlsgtg
Gasoline powered
Light vehicles &motorcycles 64.03 59.28 53.56 4945 3741 39.37 39.16 3751 3370 28.73 27.04 27.04 53.7%
Light trucks® 1657 1577 16.14 1896 1382 1457 1520 1735 1483 19.27 18.36 18.73 37.2%
Heavy vehicles 6.71 7.14 7.19 7.72 5.36 4.57 4.48 5.53 4.12 3.77 3.35 3.07 6.1%
Total 8731 8219 76.89 76.13 56.58 5851 58.84 60.38 52.65 51.77 4875 48.83 96.9%
Diesel powered
Light vehicles c 0.03 0.02 002 003 003 003 003 003 003 003 003 0.1%
Light trucks® c c 000 000 001 001 001 001 001 001 001 0.01 0.0%
Heavy vehicles 0.72 0.92 1.14 124 1.23 1.32 1.33 141 141 1.45 1.47 151 3.0%
Total 0.72 095 1.16 126 127 1.35 1.37 145 145 149 151 1.55 3.1%
Total

Highway vehicle total 8803 8313 78.05 77.39 57.85 59.86 60.20 61.83 5411 53.26 50.26 50.39 100.0%
Percent diesel 08% 11% 15% 1.6% 2.2% 2.3% 2.3% 23% 27% 28% 3.0% 3.1%

Sour ce:

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, /900—1998, 2000, p. A-3 and annual.
(Additional resources: www.epa.gov/oar/oaqps)

“The sums of subcategories may not equal total due to rounding.

®Less than 8,500 pounds.
‘Data are not available.
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The transportation sector accounted for over half of the nation’s nitrogen oxide (NOx) emissionsin
1998, with the majority coming from highway vehicles. For details on the highway emissions of NOx,

see Table 4.5.

Table4.4
Total National Emissions of Nitrogen Oxides, 197098
(million short tons)

Percent
of total,

Source category 1970 1980 1990 1995 1997 1998 1998
Highway vehicles 7.39 8.62 7.09 7.83 7.88 777 31.8%
Railroads 0.50 0.73 0.93 0.99 0.95 0.95 3.9%
Other off-highway 1.44 2.80 3.88 4.14 4.30 433 17.7%
Transportation total 9.32 12.15 11.89 12.95 13.13 13.05 53.3%
Stationary fuel combustion total 10.06 11.32 10.89 10.83 10.40 1019  41.7%
Industrial processes total 0.78 0.56 0.80 0.77 0.79 0.80 3.3%
Waste disposal and recycling total 0.44 0.11 0.09 0.10 0.10 0.10 0.4%
Miscellaneous total 0.33 0.25 0.37 0.27 0.41 0.33 1.3%
Total of all sources 2093 2438 2405 2492 2482 2445 100.0%

Sour ce:
U. S. Environmenta Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000,
pp. A-6-A-10, and annua. (Additional resources. www.epa/oar/oagps)

Note:
Emission estimation methodology changes indicated by shaded areas. Transportation methodologies
changed in 1970, while all others changed in 1990.

“The sums of subcategories may not equal total due to rounding.

TRANSPORTATION ENERGY DATA BooOk: EDITION 20—2000
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Emissions of Nitrogen Oxides from Highway Vehicles, 1970-98*
(million short tons)

Table 4.5

Percent of

Source category 1970 1975 1980 1985 1990 1992 1993 1994 1995 1996 1997 1998 toialc,e 1358
Gasoline powered
Light vehicles & motorcycles 416 473 442 381 322 361 3.68 357 344 298 293 2.85 36.7%
Light trucks® 1.28 1.46 141 1.53 1.26 1.36 1.42 1.66 1.52 1.95 1.96 1.95 24.7%
Heavy vehicles 028 032 030 033 033 031 032 03 033 033 033 032 4.2%
Total 571 6.51 6.13 567 480 528 542 558 530 526 522 5.09 65.5%
Diesdl powéred
Light vehicles c 0.02 003 003 004 004 004 004 004 004 003 0.03 0.4%
Light trucks® c c 001 001 001 001 001 001 001 001 001 0.1 0.2%
Heavy vehicles 1.68 2.12 2.46 2.39 2.24 2.30 2.34 2.45 2.48 2.54 2.61 2.63 33.9%
Total 1.68 2.14 2.49 242 2.29 2.35 2.39 2.49 2.53 2.59 2.66 2.68 34.5%
Total

Highway vehicle total 7.39 8.65 8.62 8.09 7.09 7.62 7.81 8.08 7.83 7.85 7.87 7.77 100.0%

Percent diesel

22.7% 24.8% 28.9% 30.0% 32.3% 30.8% 30.6% 30.9% 32.3% 33.0% 33.7% 34.5%

Sour ce:

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000, p. A-9 and annual.
(Additional resources: www.epa.gov/oar/oaqps)

“The sums of subcategories may not equal total due to rounding.

®Less than 8,500 pounds.
‘Data are not available.
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The transportation sector accounted for over 40% of the nation s volatile organic compound (VOC)
emissions in 1998, with the majority coming from highway vehicles. For details on the highway
emissions of VOC, see Table 4.7.

Table 4.6
Total National Emissions of Volatile Organic Compounds, 1970-98*
(million short tons)

Percent
of total,
Source category 1970 1980 1990 1995 1997 1998 1998
Highway vehicles 12.97 8.98 6.31 5.70 5.33 533  29.7%
Off-highway 171 2.14 2.55 2.70 2.46 2.46 13.7%
Transportation total 14.69 11.12 8.86 8.40 7.79 779  435%
Stationary fuel combustion total 0.72 1.05 101 1.07 0.89 0.89 5.0%
Industrial processes total 12.33 12.10 9.01 9.71 8.02 8.02 44.8%
Waste disposal and recycling total 1.98 0.76 0.99 1.07 0.43 0.43 2.4%
Miscellaneous total 1.10 1.13 1.07 0.57 1.26 0.79 4.4%
Total of all sources 30.82 2617 2094 20.82 18.88 17.92 100.0%

Sour ce:
U. S. Environmenta Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000,
pp. A-l 1-A-17, and annua. (Additional resources. www.epa.gov/oar/oagps)

Note:

Emission estimation methodology changes indicated by shaded areas. Transportation methodologies changed
in 1970, while all others changed in 1990.

“The sum of subcategories may not equal total due to rounding. The EPA’s definition of
volatile organic compounds excludes methane, ethane, and certain other nonphotochemically
reactive organic compounds.

TRANSPORTATION ENERGY DATA BOOK: EDITION 20—2000
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Table 4.7
Emissions of Volatile Organic Compounds from Highway Vehicles, 1970-98”
(thousand short tons)

8 ¥

Percent of

Source category 1970 1975 1980 1985 1990 1992 1993 1994 1995 1996 1997 1998 toltaa(l:,e1£t9908
E Gasoline powered
é Light vehicles & motorcycles 9,193 7,248 5907 5864 3,947 3,832 3,812 3,748 3426 2875 2,79 2,832 47.6%
% Light trucks® 2,770 2,289 2,059 2425 1,622 1,588 1,647 1,909 1629 2,060 2,017 2,015 33.9%
é Heavy vehicles 1,206 1,038 830 988 662 739 772 906 735 917 889 877 14.7%
t% Total 13,169 10,575 8,796 9,277 6,231 6,159 6,231 6,563 5790 5852 5702 5724 96.3%
§ Diesel power ed
2 Light vehicles c 15 8 8 13 13 13 13 14 12 12 12 0.2%
S Light trucks® ‘ ‘ 2 2 3 3 3 4 4 5 5 5 0.1%
5 Heavy vehicles 266 335 392 360 297 302 301 313 302 245 227 205 3.4%
8 Total 266 350 402 370 313 318 317 330 320 262 244 222 3.7%
'; Total
5 Highway vehicle total 13,435 10,925 9,198 9,647 6,544 6,477 6548 6,893 6,110 6,114 5946 5,946 100.0%
% Percent diesel 20% 32% 44% 38% 48% 49% 48% 48% 52% 43% 41% 3.7%
(o]

Sour ce:

0002

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000, p. A-16 and annual.
(Additional resources: www.epa.gov/oar/oaqps)

“The sums of subcategories may not equal total due to rounding.
®Less than 8,500 pounds.
‘Data are not available.



The transportation sector accountedfor only 2% of the nation ’s particulate matter (PM-I 0) emissionsin 1998. For details on the highway
emissions of PM-1 0, see Table 4.9.

Table 4.8
— Total National Emissions of Particulate Matter (PM-10), 1970-98"
g (million short tons)
z
o
= Percent
2 of total,
S Source category 1970 1980 1990 1995 1996 1997 1998 1998
%3 Highway vehicles 0.44 0.40 0.34 0.29 0.28 0.27 0.26 0.7%
A Off-highway 0.22 0.40 0.49 0.46 0.46 0.46 0.46 1.3%
,.<
o Transportation total 0.66 0.80 0.83 0.75 0.74 0.73 0.72 2.1%
5 Stationary fuel combustion total 2.87 245 1.20 118 1.17 1.09 1.09 3.1%
tw
S Industrial processes total 7.67 2.75 1.04 0.95 0.68 0.70 0.71 2.0%
’; Waste disposal and recycling total 1.00 0.27 0.27 0.29 0.30 0.31 0.31 0.9%
% Miscellaneous total 0.84 0.85 26.63 2391 30.14 31.40 31.40 91.9%
S Total of all sources 13.04 7.12 29.96 27.07 33.04 34.23 34.74 100.0%
[y>]
[en)
& Sour ce:
2 U. S. Environmenta Protection Agency, National Air Pollutant Emission Trends, /900-1998, 2000,
pp. A-22-A-26, and annual. (Additional resources: http:/www.epa.gov/oar/oaqps)
Note:
Emission estimation methodology changes indicated by shaded areas. Transportation methodologies changed in 1970, while all others changed
in 1990.

“Fine particle matter less than 10 microns. The sums of subcategories may not equal total due to rounding.
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Emissions of Particulate Matter (PM-10) from Highway Vehicles, 1970-98"

Table4.9

(thousand short tons)

Percent of

Source cateeorv 1970 1975 1980 1985 1990 1992 1993 1994 1995 1996 1997 1998 tofalc,elggc:%
Gasoline powered
Light vehicles & motorcycles 225 207 120 77 61 64 65 62 62 55 56 56 21.8%
Light trucks® 70 72 55 43 30 31 31 35 32 41 41 40 15.6%
Heavy vehicles 13 15 15 14 10 9 10 10 9 9 9 8 3.1%
Total 308 294 190 134 101 104 106 107 103 105 106 104 40.5%
Diesdl powered
Light vehicles ¢ 10 12 8 9 9 8 8 8 7 6 6 2.3%
Light trucks® c ¢ 2 1 1 2 2 2 2 2 2 2 0.8%
Heavy vehicles 136 166 194 219 224 228 205 204 181 168 158 144 56.0%
Total 136 177 209 228 235 239 215 213 190 177 167 152 59.1%
Total

Highway vehicle total 443 471 397 363 336 343 321 320 293 282 272 257 100.0%

Percent diesel

30.7% 37.6% 52.6% 62.8% 69.9% 69.7% 67.0% 66.6% 64.8% 62.8% 61.4% 59.1%

Sour ce:

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000, p. A-25 and annual.

(Additional resources: www.epa.gov/oar/oaqps)

“The sums of subcategories may not equal total due to rounding.
®Less than 8,500 pounds.
‘Data are not available.
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The transportation sector accounted for only 7% of the nation’s particulate matter (PM-2.5) emissionsin 1998. For details on the highway

emissions of PM-2.5, see Table 4.11.

— Table 4.10

E Total National Emissions of Particulate Matter (PM-2.5), 1990-98

2 (million short tons)

=

:E Percent

> of total,

tzﬁ Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1998

fes}

§ Highway vehicles 0.28 0.29 0.28 0.26 0.26 0.23 0.22 021 0.20 2.4%

o Off-highway 0.44 0.43 0.43 0.43 0.42 0.40 0.41 0.41 041 4.9%

>

g Transportation total 0.71 0.72 071 0.68 0.68 0.63 0.63 0.62 0.61 7.3%

ot

§ Stationary fuel combustion total 0.91 0.89 0.93 0.85 0.84 0.90 0.86 0.79 0.79 9.4%

e Industrial processes total 0.56 0.57 0.58 0.50 0.50 0.50 0.38 0.39 0.39 4.7%

=

g Waste disposal and recycling total 0.23 0.24 0.24 0.29 0.27 0.25 0.23 0.24 0.24 2.8%
3 Miscellaneous total 5.55 5.31 5.19 5.00 5.68 4.90 6.09 6.45 6.35 75.7%

Total of all sources 7.96 7.74 7.65 7.33 7.98 7.18 8.20 8.48 8.38 100.0%

[\
]
o
<

Source:
U.S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000, pp. A-27-A-31, and annual.
(Additional resources: www.epa.gov/oar/oaqps)
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Diesdl vehicles are responsiblefor the majority of highway vehicle PM-2.5 emissions. Nearly two-thirds of the PM-2.5 emissions are from heavy

diesdl trucks. |

Table 4.11

Emissions of Particulate Matter (PM-2.5) from Highway Vehicles, 1990-98*
(thousand short tons)

Percent

of total,
Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1998

Gasoline powered
Light vehicles & motorcycles 37 38 38 38 36 36 32 32 33 16.8%
Light trucks® 19 21 20 20 23 20 25 25 25 12.7%
Heavy vehicles 7 6 6 7 7 6 6 6 5 2.5%
Total 63 65 64 65 66 62 63 63 63 32.0%
Diesel powered
Light vehicles 8 8 8 7 7 7 6 6 5 2.5%
Light trucks® 1 1 2 1 2 2 2 2 2 1.0%
Heavy vehicles 203 212 206 183 182 161 149 140 127 64.5%
Total 212 221 216 192 190 169 157 147 134 68.0%
Total

Highway vehicle total 275 286 280 257 256 231 221 211 197 100.0%
Percent diesel 77.1% 77.3% 77.1% 74.7% 74.2% 73.2% 71.0% 69.7% 68.0%

Sour ce:

U.S. Environmental Protection Agency, National Air Pollutant Emission Trends, 1900-1998, 2000, p. A-30 and annual.

(Additional resources: www.epa.gov/oar/oaqps)

? The sums of subcategories may not equal total due to rounding.

® Less than 8,500 pounds.

(4%



Historically the transportation sector, highway vehicles in particular, have been a major source of lead emissions in the U.S Regulatory

action in 1978 required a gradual reduction of the lead content of all gasoline over a period of many years. The transportation sector
accounts for only 13% of lead emissions in 7998.

Table 4.12
National Lead Emission Estimates, 1970-98*
(thousand short tons per year)

U. S. Environmental Protection Agency, National Air Pollutant Emission Trends, 7/900-1998, 2000, pp. A-34-A-35, and annual.
(Additional resources: wWww.epa.gov/oar/oaqps)

—

g

Z

=z Percent
= of total,
2 Source category 1970 1975 1980 1985 1990 1995 1996 1997 1998 1998

S Highway vehicles 171.96 130.21 60.50 18.05 0.42 0.02 0.02 0.02 0.02 0.5%
g Off-highway 9.74 6.13 421 0.92 0.78 0.54 0.51 0.50 0.50 12.7%
% Transportation total 181.70 136.34 64.71 18.97 1.20 0.56 0.52 0.52 0.52 13.1%
é Stationary source fuel combustion 10.62 10.35 4.30 0.52 0.50 0.49 0.49 0.49 0.50 12.7%
> .

g Industrial processes 26.36 11.38 3.94 2.53 2.47 2.27 2.27 2.32 2.33 58.6%
g Waste disposal and recycling total 2.20 1.60 121 0.87 198080 393060 3% 081 3% 082 397082 1000% 15.6%
)

n Total of all sources 220.87 159.66 74.15 22.89

5

— .

= Sour ce:

z

[\

o

[\=]

[l

(o]

<

“The sums of subcategories may not equal due to rounding.
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Table 4.13
State-level Emissions for Criteria Pollutants, 1998
(thousand short tons)

Volatile Particulate Particulate
Carbon Nitrogen organic Sulfur matter matter
State monoxide oxides’ compounds” dioxide (PM- 10) (PM-2.5)

Alabama 2,361 619 419 764 619 184
Alaska 2,249 99 457 12 274 155
Arizona 1,370 450 281 225 336 145
Arkansas 1,147 267 223 125 529 132
California 8,072 1,456 1,215 182 1,973 535
Colorado 1,200 400 274 137 518 126
Connecticut 793 153 156 66 119 30
Digtrict of Columbia 100 23 22 1 6 2
Delaware 216 77 51 96 39 14
Florida 5,203 1,059 891 1,008 822 260
Georgia 3,998 730 576 660 1,103 320
Hawaii 321 59 53 35 35 1
Idaho 956 116 115 39 678 161
Ilinois 2,890 1,076 748 1,153 1,028 261
Indiana 2,526 848 518 1,164 641 154
lowa 1,045 343 239 283 GO2 130
Kansas 1,230 479 257 163 1,570 299
Kentucky 1,389 682 330 753 345 103
Louisiana 2,184 825 425 405 441 149
Maine 488 94 109 53 158 102
Maryland 1,107 344 183 339 227 57
M assachusetts 1,188 304 264 264 290 72
Michigan 3,309 880 765 628 569 153
Minnesota 1,552 476 381 162 1,011 222
Missi ssippi 1,414 353 304 305 458 130
Missouri 1,816 546 360 482 1,286 252
Montana 703 176 105 GO 1,137 216
Nebraska 681 239 154 94 632 125
Nevada 520 157 98 66 143 39
New Hampshire 355 82 74 148 54 17
New Jersey 1,454 466 408 257 313 96
New Mexico 855 279 140 199 4,987 781
New York 3,337 723 753 688 767 222
N. Carolina 2,773 745 605 729 501 172
N. Dakota 380 235 105 327 430 92
Ohio 3,934 1,198 706 1,921 658 195
Oklahoma 1,518 440 295 157 1,033 193
Oregon 1,988 271 272 58 686 224
Pennsylvania 2,909 840 575 1,221 547 156
Rhode Island 221 35 49 12 25 8
S. Carolina 1,638 367 334 290 410 112
S. Dakota 333 119 78 53 349 73
Tennessee 2,037 761 528 789 375 130
Texas 5,644 2,140 1,388 1,096 3,655 733
Utah 942 233 161 79 238 69
Vermont 240 46 44 16 75 18
Virginia 2,149 532 471 373 409 118
Washington 2,035 364 347 155 430 149
W. Virginia 721 500 141 787 152 50
Wisconsin 1,600 480 400 378 391 112
Wyoming 361 270 68 179 663 122

Total 89,454 24,454 17,917 19,647 34,741 8,379

Source:

U.S. Environmental Protection Agency, National Air Pollutant Emission Trends, /900-1998, 2000, p. 2-8.
(Additional resources. www.epa.gov/oar/oaqps)

Note:

The sums of the States may not equal national totals due to rounding.

* Excluding biogenics.
TRANSPORTATION Enerey DATA BOk: EDITION 20—2000




The Greenhouse Gases, Regulated Emissions, and Energy Use
in Transportation (GREET) Modd

4-15

The energy and criteria pollutant estimates of the most recent version (Version 1 .5a) of the GREET

model are displayed in the next two tables. The model estimates the full fuel-cycle emissions and energy

use associated with various transportation fuels and advanced transportation technologies for light

vehicles. It calculates fuel-cycle emissions of five criteria pollutants (volatile organic compounds,

carbon monoxide, nitrogen oxides, sulfur oxides, and particulate matter measuring 10 microns or less)

and three greenhouse gases (carbon dioxide, methane, and nitrous oxide). See Chapter 3 for the

greenhouse gas data from GREET. The model also calculates the total fuel-cycle energy consumption,

fossil fuel consumption, and petroleum consumption using various transportation fuels. The fud cycles

that are included in the GREET modedl are:

petroleum to conventiona gasoline, reformulated gasoline, conventional diesdl, reformulated diesd,

liquefied petroleum gas, and dectricity via residua ail;

+ natural gas to compressed natura gas, liquefied natural gas, liquefied petroleum gas, methanol,

Fischer-Tropsch diesdl, dimethyl ether, hydrogen, and electricity;

coal to eectricity;

uranium to eectricity;

» renewable energy (hydropower, solar energy, and wind) to electricity;

corn, woody biomass, and herbaceous biomass to ethanal;

soybeans to biodiesdl; and

landfill gases to methanal.

Near-term technologies are ones which may be applied to 2000 mode-year cars and long-term

technologies are ones which may be applied to 20 10 model-year cars.

For additional information about the GREET model, see GREET 1. 5 — Transportation Fuel- Cycle Model,

Volume 1. Methodology, Development, Use and Results, ANL/ESD-39, Vol. 1, August 1999, or contact:

Michael Q. Wang

Argonne National Laboratory
9700 South Cass Avenue, ES/362
Argonne, IL 60439-4815

phone: 630-252-2819

fax: 630-252-3443

email: mgwang@anl.gov

GREET Web Site:
http://www.transportation.anl.gov/ttrdc/greet/

TRANSPORTATION  ENERGY DaTA Boox: EDITIoN 20- 2000
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Acronyms Used on Tables 4.14 and 4.15

Emissions acronyms Geographical acronyms
co carbon monoxide CA Cdlifornia
NOx nitrogen oxides NE northeast
PM10 particulate matter measuring 10 microns or less us United States
SOX sulfur oxides
voc volatile organic compounds
Technologies acronyms
BD20 mixture of 20% biodiesel and 80% conventional diesal (by volume)
CARFG2 California Phase 2 reformulated gasoline
CD conventional diese
CIDI compression ignition, direct injection
CNG compressed natural gas
CNGV compressed natural gas vehicle
Dedi. dedicated
DME dimethy! ether
E10 mixture of 10% ethanol and 90% gasoline (by volume)
E85 mixture of 85% ethanol and 15% gasoline (by volume)
E90 mixture of 90% ethanol and 10% gasoline (by volume)
ETBE ethyl tertiary butyl ether
EtOH ethanol
EtOHV ethanol vehicle
"BV electric vehicle
FCV fuel-cell vehicle
FFRV flexible fuel vehicle
FRFG2 federal Phase 2 reformulated gasoline
FG flared gas
FT50 mixture of 50% Fischer-Tropsch diesal and 50% conventional diesel (by volume)
FT100 100% Fischer-Tropsch diesel
GC grid-connected
Gl grid-independent
GHGs greenhouse gases
GV gasoline vehicle
H, hydrogen
HB herbaceous biomass
HEV hybrid eectric vehicle
LFG land-fill gas
LNG liquefied natural gas
LNGV liquefied natural gas vehicle
LPG liquefied petroleum gas
LPGV liquefied petroleum gas vehicle
M85 mixture of 85% methanol and 15% gasoline by volume
M90 mixture of 90% methanol and 10% gasoline by volume
MeOH methanol
MeOHV methanol vehicle
MTBE methyl tertiary butyl ether
NG natural gas
RFD reformulated diesel
SI spark ignition
SIDI spark-ignition, direct-injection
WB woody biomass

TRANSPORTATION ENERGY DATA BOOK: EDITION 20—2000
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Table4.14

NEAR-TERM Technology (for MY 2000 vehicles)

Fuel-Cycle Energy and Criteria Pollutant Emission Changes of Alternative Transportation Fuels and Advanced Vehicle Technologies
(percentage relative to conventional gasoline vehicles fueled with conventional gasoline)

Bi-Fuel Dedi.
GV: FRFG2, GV: FRFG2, CNGV on Dedi. LPGV: M85 FFV:  E85 FRV:
MTBE EtOH CIDI: CD CNG Dedi. CNGV LPGV: NG Crude NG corn

Total Emissions:

Tota Energy 0.0% 0.4% -29.7% 8.6% 5.1% -9.6% -8.6% 15.3% 17.8%
Fossil fuels 0.0% -3.5% -29.6% 6.9% 3.4% -9.2% -8.6% 16.0% -41.9%
Petroleum -11.0% -3.6% -26.7% -99.3% -99.4% -98.2% -3.4% -72.6% -74.3%
voc -15.6% -11.1% -61.5% -52.0% -75.0% -64.2% -59.3% -19.3% 55.6%
co -19.1% -19.5% -79.4% -19.0% -19.0% -25 .0% -24.6% -22.7% -37.4%
NOx 0.7% 2.8% 55.8% 35.0% 26.6% -20.5% -15.4% 1.4% 103.3%
PM10 -1.6% 38.9% 158.8% -33.0% -34.9% -42.2% -32.8% -26.5% 619.9%
SOX -28.8% -16.2% -31.3% -28.3% -30.6% -77.3% -57.3% -58.7% 168.7%
Urban Emissions:

voc -19.7% -20.2% -62.8% -47.7% -76.6% -60.3% -63.2% -20.2% -19.1%
co -20.0% -20.0% -80.5% -19.5% -19.5% -24.9% -24.9% -25.0% -39.9%
NOx -4.2% -4.6% 111.5% 29.8% 19.1% -9.3% -9.1% -12.0% -7.6%
PM10 -1.4% -1.7% 258.6% -29.8% -3L.7% -31.3% -31.3% -22.8% -20.7%
SOX -82.7% -82.9% -4.0% -96.0% -96.1% -98.1% -98.0% -13.7% -79.0%

Table continued on next page. See page preceding Table 4.14 for acronym definitions.
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Fud-Cycle Energy and Criteria Pollutant Emission Changes of Alternative Transportation Fudls and Advanced Vehicle Technologies

Table 4.14 (continued)
NEAR-TERM Technology (for MY 2000 vehicles)

(percentage relative to conventional gasoline vehicles fueled with conventio