
,>< OR L .49 
Sp 

(Edition 3 of OR 5 

T10n1po,t0tion 
Ene,gy (on,e,vation 

Data Book 
Edition 3 

A ONAL LA ORA ORY 



Digitized by Google 



-----~--------- - - ----------------

Contract No. W-7405-eng-26 

ORNL-5493 
Special 

(Edition 3 of ORNL-5198 ) 

TRANSPORTATION ENERGY CONSERVATION DATA BOOK: 

EDITIO 3 

D. B. Shonka, Editor 

~egional and Urban Studies Section 

Energy Division 

Prepared for 
Data Analysis Branch 

Nonhighway Transport Systems and Special Projects 
Transportation Energy Conservation Division 

Office of Conservation and Solar Applications 
Department of Energy 

Date Published: February 1979 

OAK RIDGE ATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

Operated by 
UNION CARBIDE CORPORATION 

for the 
DEPARTMENT OF ENERGY 

Digitized by Goog I e 



Printed in the United States of America. Available from 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road, Springfield, Virginia 22161 

Price: Printed Copy $16.50; Microfiche $3.00 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, contractors, subcontractors, or their employees, makes any 
warranty, express or implied, nor assumes any legal liability or responsibility for any 
third party's use or the results of such use of any information, apparatus, product or 
process disclosed in this report, nor represents that its use by such third party would 
not infringe privately owned rights. 

Digitized by Google 



TRANSPORTATION ENERGY CONSERVATION DATA BOOK: 

List of Tables . 

List of Figures 

Acknowledgments 

Abstract 

Foreword 

Statistical Highlights 

Introduction ... 

EDITION 3 

Contents 

Other Publications Available from the Transportation Energy 
Program (TEP) at ORNL ........... . 

Chapter 1. Characteristics of Transportation Modes 

Section 1.1 Overview . David Greene .... 

Section 1.2 Highway. 

Section 1.2.1 Stocks 

Section 1. 2. 1. 1 Trucks 

Section 1.2.1.2 Fleets 

Deborah Shonka 

Section 1.2.1.3 Recreational Vehicles 

Section 1.2.2 Motor Vehicle Ownership by Household 
Characteristics ..•. 

Section 1.2.3 Travel Characteristics 

Section 1.3 Air . Axel Rose .... 

Section 1.4 Rail Deborah Shonka 

Section 1.5 Marine Kenneth Reed 

Section 1.6 Pipeline 

References, Chapter 1 

Axel Rose . 

Chapter 2. Energy Characteristics Axel Rose 

Section 2.1 

Section 2.2 

Energy Resource Consumption .. 

Energy Efficiency and Intensity 

References, Chapter 2 

vi 

xvii 

xxiii 

XXV 

xxvi 

xxvii 

xxix 

xxxiii 

1-1 

1-9 

1-23 

1-25 

1-51 

1-63 

1-77 

1-85 

1-95 

1-127 

1-145 

1-151 

1-165 

1-174 

2-1 

2-5 

2-25 

2-54 

iii Digitized by Google 



Contents (Cont'd) 

Chapter 3. Transportation Projections ... Philip PattePson 3-1 

Chapter 4. Government Impacts ... Fred Westbrook 4-1 

Section 4.1 Selected Government Programs and Regulatory 
Activities . . . . . . . . . . . . . 

Section 4.2 Electric and Hybrid Vehicles Program 

Goal of the Electric and Hybrid Vehicle 
Program . • • . . . • . . . . . . . . . 

Public baw 94-413 as amended by P.L. 95-238 in 
1978 . . . . . . . . . . . . . 

Near-Term Electric Vehicle Project 

DOE Electric Vehicle Demonstration Project 

Hybrid Vehicle System .. 

Section 4.3 Heat Engine Program .• 

4-9 

4-21 

4-23 

4-24 

4-25 

4-26 

4-34 

4-35 

Heat Engine Program - Objectives 4-37 

Section 4.4 

Gas Turbine Highway Vehicle Systems Program 4-38 

Engine Specifications of the Gas Turbine Engine 
for DOE/TEC-DOT/UMTA Bus Application 4-39 

Stirling Engine Program ... 

Alternative Fuels Utilization Program. 

Other TEC Programs 

Potential Rail Freight Transportation Energy 

4-40 

4-43 

4-45 

Conservation Opportunities 4-48 

Section 4.5 Government Taxe3 and Expenditures. 4-51 

References, Chapter 4 

Chapter 5. Energy Supply Bradley Murphy and 
Mary Collins . 

Section 5.1 Domestic Production. 

Section 5.2 Imports . . . . 
Section 5.3 Energy Prices . 
Section 5.4 Alternate Fuels 

References, Chapter 5 

iv 

4-56 

5-1 

5-5 

5-17 

5-23 

5-33 

5-59 

Digitized by Google 



Contents (Cont'd) 

Chapter 6. Population, Income, and the National Economy 
. . . Deborah Shonka and Eric Chen . . . . 

Section 6.1 Population and Income. 

Section 6.2 National Economy 

References, Chapter 6 

Appendix. Conversions 

Glossary ... Bradley Murphy 

Mode-Specific Cross-Reference 

Fuel-Specific Cross-Reference 

Andrew Loebl 

Andrew Loebl 

Permuted Title Index ... Mary Johnson 

Keyword Index ... Lizbeth Lieberman 

. . 

6-1 

6-5 

6-17 

6-36 

A-1 

G-1 

M-4 

M-6 
P-1 

K-1 

V 
Digitized by Google 



List of Tables 

Chapter 1. Characteristics of Transportation Modes 

Section 1.1 Overview ............. . 

Table 1.1. 
Table 1.2. 

Table 1. 3. 

Table 1.4. 
Table 1. 5. 

Table 1.6. 

Table 1. 7. 

Number of Vehicles, 1960 through 1977 
Vehicle-Miles Traveled: 1960 through 1977 
(in millions) .......... . 
Intercity Passenger-Miles by Mode of Travel, 
1960-1977 (percent) ........... . 
Intercity Freight Movement by Mode (percent) . 
Load Factor and Average Length of Haul of 
Class I Intercity Carriers of Passengers. 
Average Length of Freight Haul in Domestic 
Commerce (in statute miles) ...... . 
Intercity Transportation Mileage Within the 
Continental United States, 1950 through 1976 
(statute miles) 

Section 

Section 

1.2 Highway 

1. 2. 1 Stocks 

Table 1.8. 

Table' 1. 9. 

Table 1.10. 
Table 1.11. 

Table 1.12. 
Table 1.13. 

Table 1.14. 

Table 1.15. 
Table 1.16. 

Table 1.17. 

Table 1.18. 

Table 1.19. 

Table 1. 20. 

Table 1. 21. 
Table 1. 22. 

Comparison of Estimates of Passenger Cars and 
Trucks in Use 1950 through 1977 (10 3) 
Passenger Cars in Use as of July 1 of Each Year 
by Age of Car, 1965 through 1977 ....•... 
Estimates of U.S. Auto Scrappage Since 1950 
Trucks in Use as of July 1 of Each Year by Age 
of Truck, 1965 through 1977 ........ . 
Estimates of U.S. Truck Scrappage Since 1950. 
Number of Highway Motor Vehicles Registered in 
the United States by Type, 1950 through 1977 
(10 3) • • • • • • • • • • • • • • • • • • • • 
U.S. Retail Sales of Passenger Cars and Trucks, 
1955 through 1977 (in thousands) ...... . 
U.S. Captive Import Sales, 1975-1977 .... . 
Estimated Materials Consumption in a Typical 
U.S.-Built Car (lb) ............ . 
U.S. Sales of Diesel Automobiles by Make, 1965 
through 1977 . • . • • . . . . . . . . . . . . 
U.S. New Car Registrations by Market Segment, 
1971 through 1977 (percent) .•.. 
New Domestic Truck Retail Sales in the United 
States by GVW, 1971 through 1977 •.••.... 
U.S. New Truck Retail Deliveries by Body Type, 
1976 and 1977 ...........•... 
Pickup Cover Production, 1970 through 1977 . 
U.S. Diesel Truck Factory Shipments, 1975 
through 1977 . . . . . . . . . . . . . • • . 

Page 

1-1 

1-9 

1-13 

1-16 

1-17 
1-18 

1-20 

1-20 

1-21 

1-23 

1-25 

1-27 

1-29 
1-30 

1-31 
1-32 

1-34 

1-35 
1-37 

1-39 

1-40 

1-42 

1-44 

1-46 
1-47 

1-47 

vi 
Digitized by Google 



List of Tables (Cont'd) 

Table 1.23. Factory Inst..~llation of Energy-Related Equip­
ment on Domesti~ and !~ported Passenger Cars 
and Light Trucks'by Model Year, 1973 through 
1978 (percent of total uni ts) . . . . 1-48 

Table 1.24. Used Vehicle Sales, 1968 through 1977 (10 3) 1-50 

Section 1. 2 .1. 1 

Table 1.25. 

Table 1. 26. 

Table 1.27. 

Table 1.28. 

Table 1. 29. 

Table 1.30. 

Table 1. 31. 

Table 1. 32. 

Table 1.33. 

Section 1.2.1.2 

Table 1.34. 
Table 1. 35. 
Table 1. 36. 

Table 1. 37. 
Table 1. 38. 

Table 1. 39. 

Table 1.40. 

Table 1.41. 

Section 1. 2 .1. 3 

Table 1.42. 

Table 1.43. 
Table 1.44. 

Trucks . . . . . . . 

Selected Characteristics of Truck Stock: 1963, 
1967, and 1972 (percentage) . . 
Distribution of Trucks by Type of Vehicle and 
Use, 1975 . . . . . . . . . ..... . 
Percentage Breakdown of Major Uses by Truck 
Size Class, 1972 . . . . . . . . . 
Percentage Breakdown of Truck Size Classes by 
Major Use, 1972 . . . . . .... 
Percentage Breakdown of Truck Size Classes by 
Fuel Type, 1972 (sample size= 114,000) 
Percentage Breakdown of Truck Size Classes by 
Range of Operation, 1972 (sample size= 
114,000) . . . . . . . . . . ..... 
Percentage Breakdown of Ranges of Operation by 
Major Uses, 1972. . . . . . . . . . 
Percentage Breakdown of Ranges of Operation by 
Fuel Type, 1972 . . . . . . . . . . 
Percentage Breakdown of Ranges of Operation by 
Fuel Type for Heavy-Heavy Trucks, 1972 (sample 
size = ll4, 000) 

Fleets . . ........ . 

New Fleet Car Retail Sales, 1966-1977 (10 3) 
Fleet Cars in Operation, 1966-1977 (10 3) 
U.S. Cars in Fleets by Type of Use, 1966 through 
1977 (in thousands) ......... . 
Fleet Characteristics by Sector, 1977 .... 
Fleet Inventory Summary and Selected Charac­
teristics of Federal Government Motor Vehicles, 
1976 . . . . . . . . ........ . 
Publicly Owned Registered Vehicles, 1950 through 
1977 . . . . . . . . . . . . . . . . . . . . . 
New Fleet Car Size Composition, 1966 through 
1977 (percent) . . . . . . . . . . .... 
Percentage of New Fleet Cars with Air Condition­
ing, Model Years 1967-1978 

Recreational Vehicles 

Recreation Vehicle Unit Shipment Trends by 
Category, 1967 through 1977 
Motorcycles Used On and Off Roads in 1977 
Motorcycle Registrations, 1950-1977 

1-51 

1-53 

1-54 

1-55 

1-56 

1-57 

1-58 

1-59 

1-60 

1-61 

1-63 

1-67 
1-67 

1-69 
1-70 

1-72 

1-73 

1-74 

1-75 

1-77 

1-79 
1-80 
1-80 

vii 
Digitized by Google 



Table 1.45. 

Table 1.46. 

Table 1.47. 

Section 1.2.2 

Table 1.48. 

Table 1.49. 

Table 1.50. 

Table 1. 51. 

Table 1. 52. 

Table 1.53. 

Table 1.54. 

Section 1.2.3 

Table 1. 55. 

Table 1. 56. 

Table 1.57. 

Table 1.58. 

Table 1. 59. 

Table 1.60. 

Table 1.61. 

Table 1.62. 

Table 1.63. 

Table 1. 64. 

Table 1.65. 

List of Tables (Cont'd) 

Summary of Annual New Motorcycle Sales, 1960-
1977 (10 3) ..••..••••........ 
U.S. Four-Wheel-Drive Model Year Output by Makes 
and Class, 1974 through 1977 ..... . 
Snowmobile Sales, 1962 through 1978 (by 
selling season) ......... . 

Motor Vehicle Ownership by Household 
Characteristics ..... 

Household Purchases of New and Used Passenger 
Cars, 1968 through 1974 .........•.. 
Household Ownership of Motor Vehicles by 
Selected Characteristics, 1974 (percent owning 
in each household group) ••.•...•.. 
Percentage of Automobile Trips by Season and 
Trip Length ............ . 
Households with Automobiles and Trucks 
Available, 1976 (percent) ...... . 
Percentage Breakdown of Personal Motor Vehicle 
Classes by Location of Residence, 1975 ..... 
Percentage Breakdown of Personal Motor Vehicles 
by Automobile Classes and Residential Location, 
1975 (summary) . . . . . . . . . . • . . . 
Percentage of Motorcycle-Owning-Households 
Owning Other Vehicles ..•. 

Travel Characteristics . . . . . .... 

Highway Motor Vehicle Travel in the United 
States, 1950 through 1976 (10 6 vehicle-miles) 
Motor Vehicle Travel on Urban and Rural Roads, 
1976 (percent) . . . . . . . . •.... 
Automobile Travel: Urban vs Rural Roads, 1950 
through 1976 . . . . . . . . . • • . • . . . . • 
Average Miles Traveled by Type of Highway Motor 
Vehicle, 1950 through 1976 ....•.•... 
Comparison of Estimated Annual-Miles Driven by 
Automobile . . • . . . . . . . . . . . . 
Distribution of Annual-Miles Driven per 
Automobile, 1976 . . . . . . • . . • . • . 
Annual-Miles Driven by Car-owning Households 
(HH), 1976 (miles per household) .•••.. 
Yearly Travel of Passenger Automobiles as a 
Function of Passenger Car Age ...... . 
Average Annual-Miles for Trucks and Autos, 1972 
(10 3 VMT) • • • • • • • • • • • • • • • • , , , 
Percentage of Lifetime VMT Driven at Different 
Ages, Trucks and Autos, 1972 . 
Travel by Truck Type, 1976 ..•..•..... 

1-81 

1-82 

1-83 

1-85 

1-87 

1-88 

1-89 

1-90 

1-91 

1-92 

1-93 

1-95 

1-98 

1-99 

1-100 

1-101 

1-102 

1-104 

1-105 

1-106 

1-107 

1-107 
1-109 

viii Digitized by Google 



Table 1. 66. 

Table 1.67. 
Table 1. 68. 

Table 1. 69. 

Table 1. 70 

Table 1. 71. 

Table 1. 72. 
Table 1. 73. 

Table 1. 74. 

Table 1.75. 

Table 1. 76. 
Table 1. 77. 

Table 1.78. 

Section 1. 3 

Table 1. 79. 

Table 1. 80. 

Table 1.81. 

Table 1.82. 
Table 1. 83. 

Table 1. 84. 

Table 1.85. 

Table 1.86. 

Table 1. 87. 

Table 1.88. 
Table 1.89. 

List of Tables (Cont'd) 

Percentage Breakdown of Truck Size Classes by 
Annual-Miles, 1972 . . . . . . . . . . . . . . 
Average Annual Mileage for Fleets, 1966-1977 
Average Annual-Miles per Vehicle by Federal 
Government Vehicles, 1970 through 1976 ... 
Taxicab Passenger Operations Ratios, by Fleet 
Size, 1973 and 1975 . . . . . . . . . . 
Average Annual-Miles Traveled for Selected 
Recreational Vehicle Types, 1974 ..... 
Percent Distribution by Trip Length of Vacation­
Miles Tr:aveled in Recreational Vehicles 1974 
through 1976. . . . . . . . . . . .... 
1977 Average Annual Mileage for Motorcycles 
Principal Means of Transportation to Work, by 
Places of Residence, 1976 . . . . . . . . 
Characteristics of Home-to-Work Trips Taken by 
Household Heads, 1976 (percentage of occupied 
housing units) . . . . . . . . . . . . . . 
Major Mode of Transportation to Work for 21 
Standard Metropolitan Statistical Area~ (SMSAs), 
1975 . . . . . . . . . . . . . . . . . 
Types of Motorcycle Street Usage, 1977 .. 
Cost Per Mile for Operating an Automobile 
(cents per mile) . . . . . . . 
Annual Average Quarterly Speed Monitoring Data 
for Fiscal 1976 

Air 

Aircraft Departures, Enplanements at Large Air 
Traffic Hubs, 1976 ........ . 
Air Traffic Activity at FAA Facilities by 
Aviation Category - Fiscal Years 1972-1976. 
Number of Aircraft in Operation of Certificated 
Route Air Carriers by Aircraft Type, 1970-1976 . 
Domestic Air Travel Data, 1976 •.....•.. 
Domestic Air Travel Data by Family Income, 1976 
(including trips outside the United States) 
Summary of Certificated Air Carrier Statistics, 
1971-1977 . . . . . . . . . . . . . . . 
Certificated Air Carrier Passenger Service 
Operating Statistics by Carrier Type, 1976 . 
Certificated Air Carrier Passenger Service 
Operating Statistics by Aircraft Category, 1976. 
Supplemental Air Carrier Traffic Statistics, 
1973 through 1976 ............. . 
Commuter Air Carrier Statistics, 1975-1977 .. 
Active Registered United States Civil Aircraft 
as of December 31, 1965 through 1976 •.... 

1-110 
1-111 

1-112 

1-113 

1-114 

1-115 
1-116 

1-118 

1-119 

1-120 
1-121 

1-123 

1-124 

1-127 

1-130 

1-131 

1-132 
1-133 

/; 

1-134 

1-137 

1-138 

1-138 

1-139 
1-140 

1-141 

ix Digitized by Google 



List of Tables (Cont'd) 

Table 1.90. Estimated Hours Flown in Active General Aviation 
by Type of Flying, Calendar Years 1965 through 
1976 Actual Use (103 hr) ........... . 

Table 1.91. Estimated Miles Flown in Active General 
Aviation by Type of Flying, 1965 through 1976 
(thousands of miles) ............ . 

Table 1.92. Distribution of General Aviation Aircraft and 
Average Hours Flown by Type of Aircraft and 
Primary Use of Owner, 1976 (parentheses indicate 
percentages) .... 

Section 1.4 Rail ..... . 

Table 1.93. Summary Statistics for Freight Trains, 1950 
through 1977 . . . . . . . . . . . . 

Table 1.94. Summary Statistics for Passenger Trains, 1950 
through 1977. . . . ....... . 

Table 1.95. Class I Railroad Cars of Revenue Freight Loaded, 
1960 through 1976, and by Commodity Group, 1976 
(103) . . . 

Section 1.5 

Table 1. 96. 

Table 1.97. 

Table 1.98. 

Table 1.99. 

Table 1.100. 

Table 1.101. 

Table 1.102. 

Table 1.103. 

Table 1.104. 

Section 1.6 

Table 1.105. 

Table 1.106. 

Table 1.107. 

Marine .... 

Number of Vessels Operated for the Transportation 
of Freight on American Waterways, 1970 through 
1976 . . . . . . . . . . . . . . . . . . . . . . 
Oceangoing Steam and Motor Ships of 1,000 Gross 
Tons and Over, 1970 through 1976 ....... . 
Waterborne Commerce of the United States on U.S. 
Waterways: Ton-Miles and Tons by Type of Traffic 
and Average Haul, 1970 through 1976 ..... . 
Ranking of the Top 15 Commodities Shipped on the 
Inland Waterways of the United States in 1976 
Exclusive of the Great Lakes (domestic trade) 
Ranking of the Top 10 Commodities Shipped on the 
Great Lakes in 1976 (domestic trade) .•... 
Number of Boats Used for Recreation and Length 
of Exposure, 1973 . . . . . . . . • . . . 
Number of Boats Used for Recreation and Length 
of Exposure, 1976 ..•. 
Classification of Pleasure Boats by Type and 
Horsepower, 1976 (103) . . . . . . . . . 
Hull Material by Length, 1976 (10 3) 

Pipeline . . . . . . . . . . . . . . 

Financial Profile of ICC-Regulated Oil Pipeline 
Companies, 1974 through 1976 . . . . .•. 
Crude and Product Pipeline Trunk Mileages by 
Pipe Diameter, 1971 and 1977 •...... 
Domestic Crude Oil Movements by Pipelines, 1953 
through 1976 ...•..•••...... 

1-141 

1-142 

1-143 

1-145 

1-148 

1-149 

1-150 

1-151 

1-154 

1-155 

1-156 

1-159 

1-159 

1-160 

1-161 

1-162 
1-163 

1-165 

1-167 

1-168 

1-169 

X Digitized by Google 



Table 1,108. 

Table 1.109. 

Table 1.ll0. 

Table 1.111. 

List of Tables (Cont'd) 

Domestic Petroleum Products Movements by 
Pipelines, 1953 through 1976 . . . . . ... 
Detailed Breakdown of Petroleum Products Carried 
by Pipelines, 1975 and 1976 (10 6 bbl) 
Natural Gas Profile, 1974 through 1976 
(10 9 ft 3) . . . . . . . . . . . 
Gas Utility Industry Miles of Pipeline and Main 
by Type, 1950 through 1976 (10 3) . 

1-170 

1-171 

1-172 

1-173 

Chapter 2. Energy Characteristics . . . . 2-1 

Section 2.1 Energy Resource Consumption 2-5 

Table 2.1. 

Table 2.2. 

Table 2.3. 

Table 2.4. 

Table 2.5. 

Table 2.6. 

Table 2.7. 

Table 2.8. 

Table 2.9. 

Table 2.10. 

Table 2.11. 

Table 2.12. 

Table 2.13. 

Table 2.14. 

Section 2.2 

Table 2.15. 

U.S. Energy Production by Major Source, 1950 
through 1977 . . . . . . . . . . . . . 2-7 
U.S. Energy Use by Major Source, 1950 through 
1977 . . . . . . . . . . . . . . . . . . . . 2-8 
Ratio of U.S. Energy Resource Production to 
Consumption by Major Sources, 1950 through 
1977 . . . . . . . . . . . . • . . . . . . . . 2-9 
Domestic Demand for Refined Petroleum Products 
by End-Use Sector, 1950 through 1977 (10 3 bbl/ 
day) . . . . . . . . . . . . . . . . . 2-10 
Petroleum Consumption by Major Product and Major 
Consuming Sector, 1976 . . . . . . . . . . . . 2-11 
Energy Use By Source: Transportation Sector, 
1950 through 1976 . . . . . . . . . . . . . . 2-12 
Energy Used by Mode of Transport, 1965 through 
1977 (10 12 Btu) . . . . . . . . . . . . . . . 2-13 
Fuel Consumption by Mode of Transportation, 1965 
through 1977 (in millions) . . . . . . . . . . 2-15 
Daily Average Consumption of Motor Gasoline by 
Month, 1974 through March 1978 (10 3 bbl/day) . 2-18 
Energy Use by Mass Transit Passenger Vehicles, 
1950 through 1977 (10 12 Btu) . . . . . . . . . . 2-20 
Civilian Aviation Fuel Consumption, 1973 through 
1977 (10 3 bbl) . . . . . . . . . . . . . . . . . 2-21 
Domestic Sales of Bunkering Fuels, 1972 through 
1976 (10 3 bbl) . . . . . . . . • . . . . . 2-23 
Productivity and Energy Use Summary of the 
Marine Transportation Industry, 1974 . 2-24 
Point of Purchase of Marine Fuel, 1974 (in 
quads) . . . . . . . . . . . . . . . . 2-24 

Energy Intensity and Efficiency . . . . 2-25 

City/Highway Sales-Weighted Passenger Car Fuel 
Economy by Inertia Weight Class, Model Years 
1970 through 1978 (mpg) . . . . . . . . . . . 2-31 

xi 
Digitized by Google 



Table 2.16. 

Table 2.17. 

Table 2.18. 
Table 2.19. 

Table 2.20. 

Table 2.21. 

Table 2.22. 

Table 2.23. 

Table 2.24. 

Table 2.25. 

Table 2.26. 

Table 2.27. 

Table 2.28. 

Table 2.29. 
Table 2.30. 

Table 2.31. 

Table 2.32. 

Table 2.33. 

List of Tables (Cont'd) 

EPA Certification vs Actual On-Road Fuel 
Economy, Model Years 1974 through 1977 . 
U.S. Automobile Energy Intensity, Model Year 
1977 (Btu/passenger-mile) ...... . 
Energy Use Effects of Popular Options 
Weight Class Distribution for Light-Duty 
Trucks, Model Years 1975 through 1978 
Sales-Weighted Fuel Economy for Light-Duty 
Trucks, Model Years 1975 through 1978 
U.S. Light Duty Truck Energy Intensity, Model 
Year 1977 (Btu/passenger-mile) •..•..... 
Energy Efficiency Improvements Possible Through 
Selected Options ....•.••.. , . , •.. 
Summary of Bus Energy Intensities, 1970 through 
1977 . . . . . . . . . . . . . . . . . . 
Certificated Air Carrier Passenger Energy 
Intensity, 1971 through 1977 ..... . 
Air Cargo Energy Intensity, 1971 through 1977 
(Btu/ton-mile) .•.....•..•.•...• 
Energy Intensity and Load Factors for All-Cargo 
Aircraft, 1976 [Btu/ton-mile, (%)] ...... . 
Summary of Rail Energy Intensities, 1972 through 
1977 . . . . . . . . . . . . . . . . . . · · 
Btu Per Route-Ton-Mile Estimates for Railroad 
Freight (loaded movements) ......•.. 
Rail Energy Intensity by Commodity, 1972 .. 
Energy Intensity of U.S. Domestic Waterborne 
Commerce, 1971 through 1976 ....... . 
Waterborne Commerce Energy Intensity Estimates 
by Sector and Ship Class (Btu/route-ton-mile) 
Recreational Boat Fuel Usage and Energy 
Intensities, 1976 . . . . . . . ...•• 
Energy Efficiency of the Natural Gas Pipeline 
System, 1970 through 1976 

Chapter 3. Transportation Projections 

Table 
Table 
Table 

3.1. Sources Used for Projections . 
3.2. Projection Notations and Descriptions 
3.3. TEC Baseline Transportation Activity and 

Table 3.4. 
Table 3.5. 
Table 3.6. 
Table 3.7. 
Table 3.8. 
Table. 3. 9. 
Table 3.10. 
Table 3.11. 
Table 3.12. 

Energy Demands (before DOE conservation) . 
Transportation Energy (10 15 Btu) .. 
Population (10 6) •••••••••••• 

Gross National Product (1977 $ 1012) .. 
Passenger-Miles-Traveled (10 12) ••.••. 
Freight Demand - Ton-Miles-Traveled (10 12 ) 
Price of Barrel of Oil (1977 $) 
Price of Gasoline (1977 $) . . .. 
Number of Automobiles in Use (106) •• 

Automobile Vehicle-Miles-Traveled (10 9 VMT) 

2-32 

2-33 
2-34 

2-36 

2-36 

2-37 

2-38 

2-39 

2-41 

2-45 

2-46 

2-47 

2-48 
2-49 

2-50 

2-50 

2-51 

2-52 

3-1 

3-4 
3-5 

3-7 
3-8 
3-10 
3-10 
3-12 
3-12 
3-14 
3-14 
3-16 
3-16 

xii 
Digitized by Google 



Table 3.13. 
Table 3.14. 
Table 3.15. 
Table 3.16. 

Table 3.17. 
Table 3.18. 
Table 3.19. 
Table 3.20. 
Table 3. 21. 
Table 3.22. 
Table 3.23. 
Table 3.24. 

Table 3.25. 

Table 3.26. 
Table 3.27. 
Table 3.28. 
Table 3.29. 
Table 3. 30. 
Table 3. 31. 

Table 3.32. 
Table 3.33. 
Table 3.34. 

List of Tables (Cont'd) 

Annual-Miles Per Automobile (10 3) 
Auto Fleet-Miles Per Gallon 
Automobile Energy (10 15 Btu) ....... . 
Number of Light Trucks (under 10,000 lb GVW) 
(10 6 ) • • • • • • • • • • • • • • 
Light Truck Sales (10 6) • • • • 

Intercity Truck Ton-Miles-Traveled (10 9 ) 
Truck Energy (10 15 Btu) ....• 
Air Passenger-Miles-Traveled (10 9) 

General Aviation Energy (10 15 Btu) 
Air Energy (10 15 Btu) . . . . . 
Bus Energy (10 15 Btu) ..... 
Rail Ton-Miles-Traveled, Historical and 
Projected Transportation Factors (10 9) 

Rail Energy, Historical and Projected 
Transportation Factors (10 15 Btu) 
Marine Ton-Miles-Traveled (10 9) • 

Marine Energy (10 15 Btu) ..... 
Pipeline Ton-Miles-Traveled (109) 
Pipeline Energy (1015 Btu) .... 
Summary of Projection Comparisons 
Ratio of High to Low Values for Transportation 
Factors ................ . 
Transportation Emissions - Base Case (10 6 tons). 
Projections of Indirect Energy (10 15 Btu) ... 
Projections of Indirect Energy Use by Transpor­
tation Mode (10 15 Btu) (percent change in 
parenthesis) . 

Chapter 4. Government Impacts 

Section 4.1 Selected Government Programs and Regulatory 

Table 4.1. 

Table 4.2. 
Table 4.3. 

Table 4.4. 

Table 4.5. 
Table 4.6. 

Section 4.2 

Table 4.7. 

Activities . . . . . . . . ... 

Passenger Car and Light Truck Fuel Economy 
Standards (mpg) . . . . . . ..... 
The Gas Guzzler Tax on New Cars ($) 
Mandatory Federal Government Fleet Fuel Economy 
Standards . • . . • . . . . . . . . . ... 
Passenger Car and Light Truck Emission Standards 
as Specified by the Clean Air Amendment of 1977, 
1976-1985 (g/mile) . . . . . . . . . . . . . 
Proposed Gas Rationing Plan Highlights ..... 
Proposed Federal Motor Vehicle Safety Standards 
(FMVSS), Date of Implementation, and Effects on 
Fuel Economy . . . . . . . . . . 

Electric and Hybrid Vehicles Program. 

Comparison of Electric Vehicle State-of-the-Art 
Performance Variables and DOE Demonstration 
Performance Standards . . . . ....... . 

Page 

3-18 
3-18 
3-20 

3-22 
3-22 
3-24 
3-24 
3-26 
3-26 
3-28 
3-30 

3-32 

3-34 
3-36 
3-36 
3-38 
3-38 
3-40 

3-41 
3-42 
3-43 

3-44 

4-1 

4-9 

4-13 
4-14 

4-15 

4-17 
4-18 

4-19 

4-21 

4-27 

xiii 
Digitized by Google 



Table 4.8. 
Table 4.9. 

Table 4.10. 

Table 4.11. 

Section 4.4 

Table 4.12. 
Table 4.13. 

Section 4.5 

Table 4.14. 

Table 4.15. 

List of Tables (Cont'd) 

Near-Term Electric Vehicle Parameters .... 
Analysis of Incentives to Stimulate the Demand 
for Electric Vehicles ............ . 
Demand for Materials in the Absence of Electric 
Cars ..................... . 
Increased Demand for Materials from Manufacturing 
One Million Electric Cars Per Year 

Other TEC Programs ............ . 

Energy Impacts Due to Regulatory Actions . 
The Growth of Employer-Sponsored Vanpools, 
1973-1978 ...... . 

Government Taxes and Expenditures 

Federal Taxes Derived from Transportation, 
1950-1976 ($ 106) ........... . 
State Taxes Derived from Transportation, 
1950-1976 ($ 106 ) 

Page 

4-28 

4-29 

4-30 

4-30 

4-45 

4-47 

4-49 

4-51 

Chapter 5. Energy Supply .. 

4-53 

4-54 

5-1 

5-5 Section 5.1 Domestic Production 

Table 5.1. 

Table 5.2. 

Table 5.3. 

Table 5.4. 

Table S.S. 

Table 5.6. 

Section 5.2 

Table 5.7. 

Section 5.3 

Table 5.8. 

Table 5.9. 

Table 5.10. 

Energy Production by Primary Energy Type, 1950 
through 1977 (10 9 Btu) ......... . 
U.S. Domestic Petroleum and Total Domestic 
Energy Production and Consumption ..... 
Domestic Demand for Refined Petroleum Products, 
1950 through 1977 (10 3 bbl/day) ...... . 
Domestic Demand for Refined Petroleum Products 
by End-Use Sector, 1950 through 1977 (10 3 bbl/ 
day) . . . . . . . . . . . . . . . . . . . . . 
Percentage Yields of the Major Refined Products 
from a Barrel of Crude Oil in the United States, 
1950 through 1976 ...•......... 
Production of Electricity by Primary Energy 
Source, 1971 through May 1978 

Imports 

Percent of Total Imports of Petroleum Improved 

5-7 

5-9 

5-10 

5-12 

5-14 

5-16 

5-17 

Directly from OPEC Countries, 1960 through 1977. 5-21 

Energy Prices 5-23 

Prices of Domestically Produced Mineral Fuels, 
1950 through 1977 (cents per 106 Btu) . . • • • 5-26 
Cost of Fuel for Air, Truck, Railroad, and Marine 
Vessels, 1970 through 1977 (¢/gal) . . . . . . . 5-27 
Average Retail Prices for Motor Gasoline, 1973 
through April 1978 (¢/gal) . . . . . . . . . . • 5-29 

xiv 
Digitized by Google 



Table 5.11. 

Section 5.4 

Table 5 .12. 

Table 5.13. 
Table 5.14. 

Table 5.15. 

Table 5.16. 
Table 5.17. 

Table 5.18. 
Table 5.19. 

Table 5.20. 

Table 5.21 

Table 5.22. 

Table 5.23. 

Table 5.24. 

Table 5.25. 

List of Tables (Cont'd) 

Consumer Real Price Changes of Energy Items, 
1958 to 1977 

Alternate Fuels 

Liquid Fuel Conversion Efficiencies, Costs and 
Potential Availability, 1976-2000 
Estimated U.S. Coal R~sources (10 6 tons) . 
Current Major Coal Liquefication Processes by 
Type of System. . . . . . ... 
Current Major Coal Gasification Processes Capable 
of Yielding Synthesis Gas Suitable for Methanol 
Manufacturing . . . . . . . . . 
Major Oil Shale Deposits by Country, 1978 
Current Shale Conversion Processes by Type of 
System, Demonstrated Size, and Current Status 
Tar Sand Reserves . . . .. 
Costs of Biosolar Liquid Synfuels for 
Transportation. . . . 
Projected Energy Recoverable for Transportation 
from Waste in Year 2000 . . . . . . . . 
Magnitude of Biosolar Synthetic Fuels Available 
for Transportation, 1975 ........ . 
Comparison of Methanol Production Costs from 
Various Studies Using Gasification Processes 
Comparative Combustion and Safety Hazard of 
Alcohols and Gasoline .... 
Comparative Toxicity Ratings of Alcohols and 
Gasoline. . . . . . . . . . . . . 
Some Characteristics of Nonpetroleum-Based 
Alternative Fuels . . . .... 

5-31 

5-33 

5-41 
5-42 

5-43 

5-44 
5-47 

5-48 
5-50 

Chapter 6. Population, Income, and the National Economy 

5-51 

5-53 

5-53 

5-54 

5-55 

5-55 

5-56 

6-1 

6-5 Section 6.1 

Table 6.1. 

Table 6.2. 

Table 6.3. 

Table 6.4. 
Table 6.5. 

Table 6.6. 

Table 6.7. 

Population and Income . . . . 

Age Structure of the Population: July 1, 1970 
and 1977 (10 3) • • • • • • • • • 
Household and Family Units, 1950 through 1978 
(10 3) • • • • • • • • • • • 
Selected Characteristics of Families, 1977 
(10 3) • • • • • • • • • • • • • • • • 

Licensed Drivers by Age, 1977 (%) ••• 
Median and Mean Household Income in Current and 
Constant Dollars, 1967-1976 ....... . 
Median and Mean Income by Size of Household, 1976 
(in current and constant 1975 dollars) . 
Median and Mean Family Income in Current and 
Constant Dollars, 1950-1977 ..... . 

6-7 

6-9 

6-11 
6-12 

6-13 

6-14 

6-15 

Digitized by Google 



Section 6.2 

Table 6.8. 

Table 6.9. 

Table 6.10. 

Table 6.11. 

Table 6.12. 
Table 6.13. 

Table 6.14. 

Table 6.15. 
Table 6.16. 

Table 6.17. 

Table 6.18. 

Table 6.19. 
Table 6.20. 

List of Tables (Cont'd) 

National Economy 

Gross National Product by Major Component, 
1950-1977 (106 1975 constant dollars) 
Personal Consumption Expenditures by Type of 
Product, 1950-1977 (10 6 1975 constant dollars) . 
Personal Consumption Expenditures within the 
Transportation Sector, 1950-1977 (106 1975 
constant dollars) ..•••.• 
U.S. Balance of Payments (106 constant 1975 
dollars) .......•..••••.. 
General Income Indicators ($106) • • •• 
National Income by Industry, 1950-1977 (10 6 1975 
constant dollars) .....•...•.•... 
Wages and Salaries by Industry, 1950-1977 (10 6 

1975 constant dollars) . . . . . .... 
Employment by Industry, 1950-1977 (10 3) •••• 
U.S. Employment in Transportation and Related 
Industries (10 3 number of persons employed) 
Employment and Establishments for Selected 
Motor-Vehicle-Related Businesses, 1967 and 1972. 
Autumn 1977 Urban Family Budgets and Percent 
Change Since 1976 (in current dollars) ••... 
Implicit Price Deflator (1975 = 100) .•.. 
Consumer Price Indexes, 1950-1978 (1975 = 100) . 

Appendix A. Conversions 

Table A.1. 
Table A. 2. 
Table A. 3. 
Table A.4. 
Table A. 5. 
Table A.6. 
Table A.7. 
Table A.8. 
Table A.9. 
Table A.10. 
Table A. 11. 

GNP Inflation Index 
CPI Inflation Index 
Nomenclature and Powers of Ten 
Standard Metric Units and Abbreviations 
Energy Use and Production-Related Conversions 
Alternative Fuel Equivalents .. . 
Energy Unit Conversions .... . 
Distance and Velocity Conversions 
Force Conversions . . • . . . • . . ..• 
Energy Intensity and Efficiency Conversions 
Volumetric and Flow Rate Conversions .... 

Page 

6-17 

6-18 

6-20 

6-23 

6-24 
6-27 

6-28 

6-29 
6-30 

6-31 

6-32 

6-33 
6-34 
6-35 

A-3 
A-3 
A-4 
A-4 
A-5 
A-7. 
A-8 
A-8 
A-9 
A-9 
A-10 

xvi 
Digitized by Google 



List of Figures 

Chapter 1. Characteristics of Transportation Modes 

Page 

1-1 

1-9 

1-11 
1-15 

Section 1.1 

Figure 1.1. 
Figure 1. 2. 
Figure 1.3. 

Overview .. 

Figure 1.4. 
Figure 1.5. 
Figure 1.6. 

Figure 1.7. 

Number of Vehicles, 1976 
Vehicle-Miles Traveled: 1976. • •.• 
Total Intercity Passenger-Miles, 1960-1977 
( 10 9) • • • • • • • • • • • • • • • • • • 

Mode of Intercity Passenger Trips 1977 
Intercity Ton-Miles, 1950-1977 (10 9) 

Distribution of Intercity Freight Movement by 
Type of Transport, 1950-1977 ..... . 
Intercity Ton-Miles by Type of Transport, 1977. 

1-17 
1-17 
1-18 

1-19 
1-19 

Section 1.2 Highway 1-23 

Section 1.2.1 Stocks 1-25 

Figure 1.8. 
Figure 1. 9. 

Figure 1.10. 

Figure 1.11. 

Figure 1.12. 

Figure 1.13. 

Figure 1.14. 

Figure 1.15. 

Figure 1.16. 

Section 1. 2 .1.1 

Figure 1.17. 

Figure 1.18. 

Figure 1.19. 

Section 1.2.1.2 

Figure 1.20. 

Figure 1.21. 

Figure 1.22. 

Cars and Trucks in Operation, 1950-1977 (107) 1-28 
Average Age of Passenger Cars and Trucks in Use 
in the U.S., 1950-1977 . . . . . . 1-33 
Passenger Car Weight Distributions, 1975 through 
1978 . . . . . . . . . . . . . 1-36 
U.S. Car Production by Cylinder Type, 1962-
1977 . . . . . . . . . . . . . . . . . . . 1-38 
U.S. Sales of Diesel Automobiles, 1965 through 
1977 . . . . . . . . . . . . . . . . . . . 1-40 
Market Shares of New Car Sales by Gasoline 
Mileage Rating . . . . . . . . . . . . . 1-41 
Percent New Car Registration by Ward's Market 
Segment . . . . . . . . . . . . . . . . . . . 1-43 
:-!ew Domestic Truck Retail Sales in the United 
States by GVW, 1971 through 1977 (lb) . . . . 1-45 
Factory Installation of Energy Related Equipment 
on Domestic Motor Vehicles (% of total units) 1-49 

Trucks ....... . 1-51 

Percentage Breakdown of Truck Size Classes by 
Fuel Type, 1972 . . . . . . . . . . 1-57 
Percentage Breakdown of Ranges of Operation by 
Fuel Type, 1972 . . . . . . . . . . . . . . 1-60 
Percentage Breakdown of Ranges of Operation by 
Fuel Type for Heavy-Heavy Trucks, 1972 1-61 

Fleets . . . . . . . . . . . . . 1-63 

Fleet Car Retail Sales as a Percent of Total 
Car Retail Sales, 1965 through 1977 1-65 
Fleet Cars in Operation as a Percent of Total 
Cars in Operation, 1965 through 1977 . . . . . 1-66 
U.S. Cars in Fleets of Ten or More by Type of 
Use, 1977 (%) . . . . . . . . . . . . . . . . . 1-68 

xvii 
Digitized by Google 



Figure 1. 23. 

Figure 1.24. 

Section 1.2.1.3 

Figure 1.25. 

Figure 1.26. 

Section 1. 2. 2 

Section 1. 2.3 

Figure 1.27. 

Figure 1.28. 

Figure 1. 29. 
Figure 1. 30. 
Figure 1.31. 
Figure 1.32. 

List of Figures (Cont'd) 

World-Wide Federal Government Automobile 
Fleet Mix, 1976 through 1977 
Publicly Owned Registered Vehicles, 1950 
through 1977 ..... 

Recreational Vehicles 

Recreational Vehicle Unit Shipment Trends, 1967 
through 1977 ......•.. 
Snowmobile Sales by Selling Season, 1963 
through 1978 . • . • • . . . . . . 

Motor Vehicle Ownership by Household 
Characteristics . • . . . .••• 

Travel Characteristics ... 

The National System of Interstate and Defense 
Highways (June 13, 1978) ...• 
Percent of Vehicle-Miles Traveled by Newly 
Introduced Vehicles .......... . 
Vehicle Useage by Age and Size Classes 
1972 NTS Household Trips by Trip Length. 
1972 NTS Household Trips by Income Class 
Speed Trends on Rural Interstate Highways 

Section 1. 3 Air 

Figure 1. 33. 

Figure 1.34. 

Figure 1.35. 

Figure 1.36. 

Figure 1.37. 

Large and Medium Air Traffic Hubs in the 
United States, 1976 ..... 
Comparison of Air Travel Data by Trip Purpose, 
1972 and 1976 . . . • • . . . . . . . • . . . . 
Certificated Route Air Carrier Passenger Load 
Factors, 1971 through 1977, Normalized to 1971 
Values . . . . • . . . . . . . . . . . . . . . 
Certificated Route Air Carrier Passenger-Miles, 
1971 through 1977, Normalized to 1971 Values 
Passengers Carried by Commuter Air Carriers, 
1970-1977 . 

Section 1.4 Rail ........ . 

Figure 1.38. 
Figure 1.39. 

U.S. Railroad Right of Way ...• 
Passenger Railroads in the United States 

Section 1. 5 Marine .•...... 

Figure 1.40. 
Figure 1.41. 

Figure 1. 42. 

Navigable Inland Waterways 
Ton-Miles and Average Haul by Type of Traffic, 
1970-1976 . . . . . . . . • . . . . • • . . . . 
Total Waterborne Commerce of the Untied States, 
1970-1976 . . . . . . . • . • • . • . . . . . . 

1-71 

1-73 

1-77 

1-79 

1-83 

1-85 

1-95 

1-97 

1-103 
1-108 
1-117 
1-117 
1-125 

1-127 

1-129 

1-135 

1-136 

1-136 

1-140 

1-145 

1-147 
1-147 

1-151 

1-153 

1-157 

1-158 

xviii 
Digitized by Google 



List of Figures (Cont'd) 

Chapter 2. Energy Characteristics 

Section 2.1 

Figure 2.1. 
Figure 2.2. 

Energy Resource Consumption 

Figure 2.3. 

Figure 2.4. 

Figure 2.5. 

Figure 2.6. 

Figure 2.7. 

U.S. Energy Resource Consumption 
Domestic Demand for Refined Petroleum Products 
by End-Use Sector, 1947 through 1977 ... 
Energy Used by Mode of Transport, 1976 (10 12 

Btu) . . . . . . . . . . . • · • • • · · 
Daily Average Consumption of Motor Gasoline by 
Month, 1974 through March 1978 
Total Annual Fuel Consumption by Type of 
Vehicle, 1963 through 1976 . . . . 
Average Annual Fuel Consumption by Type of 
Highway Vehicle, 1963 through 1976 . . 
Distribution of Certificated Air Carrier Fuel 
Use, 1976 . . . 

Section 2.2 

Figure 2.8. 

Energy Intensity and Efficiency 

Figure 2.9. 

Figure 2.10. 

Figure 2. 11. 

Figure 2.12. 

Figure 2.13. 

Figure 2.14. 

Figure 2.15. 

Figure 2.16. 

Figure 2.17. 

Figure 2.18. 

Figure 2.19. 

Figure 2.20. 
Figure 2. 21. 
Figure 2.22. 

Domestic Freight Energy Intensity, 1976 (Btu/ 
route-ton-mile) . . . . . . . . . . . 
1976 Estimates of Passenger Transportation 
Energy Intensity (Btu/route-passenger-mile) 
Automobile Fuel Economy and Standards 1967 to 
1985 . . . . . . . . . . . . . . . . . . 
Automobile Fuel Economy for Various Weight 
Classes by Model Year (mpg) . . . . . . 
Factory Installations of Popular Options in 
New Automobiles by Model Year. . . . . 
Variation of Automobile Fuel Economy with Trip 
Length Due to Engine Warm-up ..... 
Variation of Transit Bus Energy Intensity with 
Passenger Trip Length ......... . 
Bus Energy Intensity and VMT Summary 1976 (Btu 
per route vehicle-mile) . . . . . . . . . . . 
Certificated Route Air Carrier Energy Intensity 
in Btu Per Passenger-mile, 1971-1977, Normalized 
to 1971 Values . . . . . . . . . 
Summary Breakdown of Aircraft Efficiency 
Improvement, 1971-1976 . . . . . . . . 
Summary of Certificated Route Air Carrier 
Energy Intensity, 1976 (Btu/passenger-mile) 
Energy Efficiency vs Available Passengers for 
Three Aircraft Types ............ . 
Optimal Aircraft Type vs Available Passengers . 
Energy Intensity of Natural Gas Pipelines 
Energy Intensity for Oil Pipelines . . . . 

Page 

2-1 

2-5 

2-9 

2-10 

2-16 

2-18 

2-19 

2-19 

2-22 

2-25 

2-27 

2-28 

2-29 

2-30 

2-34 

2-35 

2-40 

2-40 

2-41 

2-42 

2-43 

2-44 
2-44 
2-53 
2-54 

xix Digitized by Google 



List of Figures (Cont'd) 

Chapter 3. Transportation Projections 

Figure 3.1. 
Figure 3.2. 
Figure 3.3. 
Figure 3.4. 
Figure 3.5. 
Figure 3.6. 
Figure 3.7. 
Figure 3.8. 
Figure 3.9. 
Figure 3.10. 
Figure 3.11. 
Figure 3.12. 
Figure 3.13. 

Figure 3.14. 
Figure 3.15. 
Figure 3.16. 
Figure 3.17. 
Figure 3.18. 
Figure 3.19. 
Figure 3. 20. 
Figure 3.21. 

Figure 3.22. 

Figure 3.23. 
Figure 3. 24. 
Figure 3.25. 
Figure 3. 26. 

Transportation Energy (10 15 Btu) 
Population (10 6) •• 

Gross National Product (1977 $ 1012 ) 
Passenger-Miles-Traveled (10 12) ••••• 
Freight Demand - Ton-Miles-Traveled (10 12) 
Price of Barrel of Oil (1977 constant dollars). 
Price of Gasoline (1977 constant dollars) . 
Number of Automobiles in Use (106) . 
Automobile Vehicle-Miles-Traveled (10 9 VMT) 
Annual-Miles per Automobile (103) 
Auto Fleet-Miles per Gallon 
Automobile Energy (10 15 Btu) 
Number of Light Trucks (under 10,000 lb GVW) 
(10 6) • . . . . . . . . . . . . . . . . 
Light Truck Sales (106) ••••••••• 

Intercity Truck Ton-Miles-Traveled (109) 
Truck Energy (10 15 Btu) ...... . 
Air Passenger-Miles-Traveled (109) 
General Aviation Energy (10 15 Btu) 
Air Energy (10 15 Btu) .••.•.• 
Bus Energy (10 15 Btu) . . . . . . . . .•. 
Rail Ton-Miles-Traveled, Historical and Pro­
jected Transportation Factors (109) • 
Rail Energy, Historical and Projected Trans­
portation Factors (10 15 Btu) . 
Marine Ton-Miles-Traveled (109) 
Marine Energy (10 15 Btu) 
Pipeline Ton-Miles-Traveled (109) 
Pipeline Energy (10 15 Btu) 

Chapter 4. Government Impacts 

Section 4.1 

Figure 4.1. 

Figure 4.2. 

Figure 4.3. 

Section 4.2 

Figure 4.4. 
Figure 4.5. 

Figure 4.6. 

Selected Government Programs and Regulatory 
Activities . . . . • . . . . • ..... 

Department of Transportation - Organization 
and Responsibilities ....•...•.•. 
Department of Energy Organization and its 
Functional Relationship to the Transportation 
Energy Conservation Division ..•..... 
Intercity Ton-Miles of Federally Regulated and 
Nonfederally Regulated Carriers, 1975 

Electric and Hybrid Vehicles Program ..•... 

Vehicle Travel in the United States .... 
Energy Consumption as a Function of Vehicle 
Speed for Electric Test Vehicles ...•. 
Speed-Time Dependence of Various Driving 
Cycles . • . . . • . . . . . . . . . . . 

Page 

3-1 

3-9 
3-11 
3-11 
3-13 
3-13 
3-15 
3-15 
3-17 
3-17 
3-19 
3-19 
3-21 

3-23 
3-23 
3-25 
3-25 
3-27 
3-27 
3-29 
3-31 

3-33 

3-35 
3-37 
3-37 
3-39 
3-39 

4-1 

4-9 

4-11 

4-12 

4-20 

4-21 

4-31 

4-32 

4-33 

xx 
Digitized by Google 



List of Figures (Cont'd) 

Section 4.3 Heat Engine Program ..... . 

Figure 4.7. Stirling Engine Fuel Economy 
Figure 4.8. Stirling Engine Emissions .. 

Section 4.5 Government Taxes and Expenditures 

Figure 4.9. Federal and State Expenditures for Transpor­
tation Facilities 

Chapter 5. Energy Supply ..... 

Section 5.1 

Figure 5.1. 

Figure 5.2. 
Figure 5.3. 

Figure 5.4. 

Domestic Production 

Comparison of the Percent U.S. Petroleum Pro­
duction of Total Petroleum Consumption and 
Percent U.S. Total Energy Production of Total 
Energy Consumption, 1950 through 1977 .•.. 
Refined Petroleum Products Output, 1977 ... 
Percent Domestic Demand for Refined Petroleum 
Products by End-Use Sector, 1977 ..... . 
Percentage Yields of the Major Refined Products 
from a Barrel of Crude Oil in the United States, 
1950 through 1976 

Section 5.2 Imports 

Figure S.S. 

Figure 5.6. 

Figure 5.7. 

Section 5.3 

U.S. Crude Oil Imports as Percent of Domestic 
Production, 1950 through 1978 .. 
Petroleum Imported Directly from OPEC Countries, 
1960 through 1977 ....... . 
Imports of Strategic Materials by the United 
States in 1977 

Energy Prices 

Page 

4-35 

4-41 
4-42 

4-51 

4-55 

5-1 

5-5 

5-8 
5-11 

5-13 

5-15 

5-17 

5-19 

5-20 

5-22 

5-23 

Figure 5.8. Posted Price of Petroleum by Major Producing 
Countries, 1970 through 1976 . . • . . . . . . 5-25 

Figure 5.9. Cost of Crude Oil from Well to Consumer, 1974 
through 1977 . . . . . . . . . . . . . . . . 5-28 

Figure 5.10. Comparison of Cost of Residual Fuel Oil, Home 
Heating Oil, Diesel, and Gasoline 5-30 

Section 5.4 Alternate Fuels . . . . . . . . . . 5-33 

Figure 5.11. 

Figure 5.12. 
Figure 5.13. 

Figure 5.14. 

Projected Need for Commercial Production and 
Use of Synthetic Fuels as a Function of World 
Oil Production ............. . 
U.S. Energy Supplies .......... . 
A Concept of the Long-Term Energy Future of 
Transportation Fuel Demands, Needs, and 
Technological Development ...... . 
Major Coal Fields in the United States 

5-38 
5-39 

5-40 
5-42 

xxi 
Digitized by Google 



List of Figures (Cont'd) 

Figure 5.15. Relative Resource Requirements for Fuel/ 
Engine Systems Based on Coal Liquids 5-45 

Figure 5.16. Principle Oil Shale Deposits in the U.S. 5-46 
Figure 5.17. Relative Amounts of Oil Shale Required for 

Various Fuel/Engine System Efficiencies . . 5-49 
Figure 5.18. Effects of Alcohol Fuels on Engine Performance 

and Emissions . . . . . . . . . . . 5-57 
Figure 5.19. Comparative Power Output of Engines Using 

Several Alcohol Fuels and Gasoline 5-58 
Figure 5.20. Comparative Specific Energy Consumption of 

Engines Using Several Alcohol Fuels and 
Gasoline . . . . . . . . . 5-58 

Chapter 6. Population, Income, and the National Economy 6-1 

Section 6.1 Population and Income . . . . . . • . . 6-3 

Figure 6.1. Median Age of the Population, 1960-1977 6-7 
Figure 6.2. Distribution of the Total Population by Age and 

Sex: April 1, 1970 and July 1, 1977 6-8 
Figure 6.3. Average Population Per Household and Per Family, 

1940--1977 • . . . . . . . . . . . . . • . . . 6-10 
Figure 6.4. Median Household Income in Current and 1975 

Constant Dollars . . . . 6-13 
Figure 6.5. Median Family Income in Current and 1975 

Constant Dollars, 1950-1977 6-15 

Section 6.2 National Economy. . . . . . 6-17 

Figure 6.6. Gross National Product by Major Component 
(constant 1975 dollars) . . . . . 6-19 

Figure 6.7. Personal Consumption Expenditures by Type of 
Product, 1950--1977 . . . . . . . . . . . 6-21 

Figure 6.8. U.S. Balance of Payments (constant 1975 
dollars) . . . . . . . . • . • . . . • . . • • 6-25 

Figure 6.9. Ratio of Value of Imported Petroleum to Total 
Balance of Payments Deficit, 1970--1977 6-26 

Appendix A. Conversions ....•...........• 

Figure A.1. Gross Measures of Annual Energy Supply/Demand 
Commonly Used in the United States • . . . . . A-6 

xxii 
Digitized by Google 



Acknowledgments 

The Transportation Energy ConsePVation Data Book results from the 

combined efforts of many people associated with the Transportation Energy 

Program at ORNL. Dr. David Greene serves as principal investigator for 

the Transportation Energy Program and provided overall guidance for this 

project as well as extensive review of its contents. Mary Collins was 

responsible for the technical aspects of manuscript preparation, and 

without her able assistance this document would not have been possible. 

Judith Arehart provided editorial assistance, and Randy Haese was 

responsible for graphics. Research assistance was provided by Jennifer 

Hill and Timothy Gangaware. Document review was provided by Dr. Charles Lave 

of the University of California, Irvine, Dr. Philip Patterson of DOE/TEC, 

Gwen Walton, and Dr. Andrew Loeb!, 

xxiii 
Digitized by Google 



Digitized by Google 



Abstract 

This document is the third edition of the Transportation Energy 

Conservation Data Book, a statistical compendium compiled and published 

by Oak Ridge National Laboratory (ORNL) under contract with the Transpor­

tation Energy Conservation (TEC) Division of the Department of Energy 

(DOE). Secondary data on transportation characteristics by mode, on 

transportation energy use, and on other related variables are presented 

in tabular and/or graphic form. 

All major modes of transportation are represented: highway, air, 

rail, marine, and pipeline. The six main chapters focus on various 

characteristics of the transportation sector including (1) modal 

characteristics, (2) current energy use, efficiency and conservation, 

(3) projections of modal energy use, (4) impact of government activities, 

(5) supply and cost of energy, and (6) general demographic and economic 

characteristics. 

Included in the more than 400 tables and figures are the following 

transportation stock and use statistics: number of vehicles, vehicle­

miles traveled, passenger-miles and freight ton-miles, fleet charac­

teristics, household automobile ownership, size mix of automobiles, 

vehicle travel characteristics, and commuting patterns. Energy charac­

teristics presented include energy use by fuel source and transportation 

mode, energy intensity figures by mode, indirect energy use, production 

as a percent of consumption, imports as a percent of domestic production, 

energy prices from the wellhead to the retail outlet, and alternative 

fuels. 
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Foreword 

This third edition of the Transportation Energy Conservation Data 

Book is the first produced for the Transportation Energy Conservation 

Division since the formation of the Department of Energy. Therefore, the 

data book takes on an expanded focus because it must serve the needs of 

transportation energy conservation policymakers (functions of the Federal 

Energy Administration) as well as the needs of decision-makers concerned 

with transportation energy conservation via technological improvements 

(functions of the Energy Research and Development Administration). 

This third edition is also the third that has benefited from the care­

ful attention to detail and dedication of Debby Shonka. More than any single 

person, Debby has provided the input of time and skill required of a compre­

hensive data book. Debby now leaves the project as a full-time member to 

devote similar attention to the raising of a family. We hope to continue to 

receive her assistance on a part-time basis. If dedications were made for 

publications such as this, then this volume would certainly be dedicated to 

Debby Shonka. 

The continued improvement of this data book is dependent upon helpful 

feedback from its users. Most of all, we need to be informed of any errors 

contained in this volume and/or of any relevant information that is missing. 

Please contact us with your comments and suggestions (addresses are at the 

end of the Introduction.) 

Philip D. Patterson 
Chief, Data Analysis Branch 
Division of Transportation 

Energy Conservation 
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Statistical Highlights, 1977 

(Numbers in italics are percentagesl 

a11D1 Motor Vehicles CJII 
Total motor vehicles, thousands 148,759 

Vehicles per household 1.96 

Households owning one or morea 83.8% 

Automobiles registered, thousands 113,667 

Automobiles in use,b thousands 99,880 

Automobile retail sales / 00% 

Full-size 25.5% 

Intermediate 26.6% 

Small 28.5 % 

Imports 18. I % 

Passenger vans 1.3% 

Fleets 13.4% 

Trucks registered, thousands 29,584 

Personal use 41. 2% 

Trucks in use, b thousands 28,20 I 

Truck retail sales / 00% 

Light-duty 89. 0% 

Medium-size 6. I % 

Heavy-duty 4. 9% 

Buses registered,c thousands 

Jntercity 

Local transit 

School 

Other 

Mowrcycles in use, thousands 

aeased on 1974 breakdown. 

bR. L. Polk estimate as of July I, 1977. 
ceased on 1976 breakdown. 

493 

4.2% 

11.1 % 

79. 7% 

5.0% 

7,926 

Transportation Movement 

Passenger 

VMT, all motor vehicles,d billions D ' Passenger carsd 

:~ ; Per!Onal trucksd,e 

Average annual-miles per motor vehicle 

Intercity passenger-miles 

Highway (passenger car and bus) 

Nonhighway 

I 
Freight 

Air 

Rail 

Water 

Intercity ton-milese 

Highway (truck) 

Nonhighway 

I 
Air 

Rail 

Water 

Pipeline (oil) 

dFederal Highway Administration estimate as of Nov. 14, 1978. 
"Census of Transportation, Truck Inventory and Use Survey. 
fEstimate. 

1,477 

75.8% 

7.3% 

11,800 

/00% 

87.0% 

13.0% 

12.0% 

0.7% 

0.3% 

/00% 

23.9% 

76.2% 

0.2% 

35.7% 

16.1% 

24.2% 

Energy Use • 

Total worlof (I 0 12 Btu) 

Total U.S. ( 10 12 Btu) 

Percentage of world use 

Total petroleum ( 10 11 Btu) 

Percentage of total U.S. energy 

Percentage consumed by transportation sector 

Total energy, transportation sector (10 12 Btu) 

Percentage of total U.S. 

Highway 

! 
Nonhighway 

e _. 

Passenger car and motorcycle 

Bus 

Truck 

Rail 

Air 

Marine (U.S. purchased) 

Pipeline 

Other 

Total petroleum consumed by 

transportation sectorf (I 0 12 Btu) 

Total energy used by transportation sector 

305,515 

75,836 

24.8% 

36,956 

48. 7% 

52.1% 

19,251 

25.4% 

78.6% 

52.1% 

0. 7% 

25.5% 

21.4% 

3./% 

8.3% 

5.6% 

2.9%, 

1.2% 

18,666 

97.0% 

*Figures for total U.S. energy use, including the transportation 
sector, are lower than official Energy Information 
Administration (EIA) estimates for several reasons: 
I. EIA includes military; 
2. EIA includes indirect energy uses such as road and street 

lighting; 
3. EIA energy use is calculated using a different methodology. 

l'igures on energy use from Statistical Highlights, 1976, are not comparable with figures from Statistical Highlights, 1977. Different data soun:es were used to compile the 1977 
Statistical Highlights; see Table 2. 7 for further reference. 
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Introduction 

The role of energy conservation in solving our present dilemma of 

increasing energy demand and dwindling energy supplies has long been 

recognized. In fact, the cornerstone of the President's proposed National 

Energy Plan is conservation. The National Energy Plan recognizes that 

the reduction of our near-total dependence on oil and natural gas is 

crucial to solving the energy crisis. The transportation sector uses 

some 25% of total energy and some 53% of total petroleum used in the 

nation. Consequently, it is both a logical and necessary target for 

national and regional conservation measures. 

Developing a comprehensive and effective strategy to reduce energy 

use in the transportation sector, however, requires a basic understanding 

of the determinants of energy use in the sector such as fleet sizes, 

energy intensities, travel characteristics, institutional character­

istics, and vehicle operating expenses. This baseline data can be used 

to identify potential areas for energy resource conservation as well as 

to project future levels of energy use and the potential impact of conserva­

tion policies. At the federal level, the importance of an energy data 

base has been recognized in the organization of the Department of Energy 

(DOE) through the establishment of the Energy Information Administration. 

Prior to the formation of DOE, the Transportation Energy Conservation 

(TEC) Division of ERDA recognized the need to coordinate its data collection 

activities and to develop a single comprehensive data base. In January of 

1976, TEC contracted with Oak Ridge National Laboratory (ORNL) to begin work 

developing a data base that could be used by TEC staff in their evaluation 

of current and proposed transportation-related technologies. The first 
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edition of the TEC Data Book* was published in October 1976; Edition 2 

came out in October 1977. It is intended that this TEC Data Book 

Edition 3 update and supercede those previous documents. 

Statistical information on each of the major transportation modes 

(i.e., highway, air, rail, marine, and pipeline) is provided in the Data 

Book. The data are arranged into six chapters based on subject categories. 

The chapters focus on various characteristics of the transportation sector 

including (1) modal characteristics, (2) current energy use, efficiency, 

and conservation, (3) projections of modal energy use, (4) impact of 

government regulation, (5) supply and cost of energy, and (6) general 

demographic and economic characteristics of the United States. 

Statistical highlights of 1977 from the Data Book are summarized 

for the user and presented on a one-page tear-out sheet. A synopsis of 

chapter contents precedes each chapter. 

Edition 3 of the TEC Data Book includes over 400 pages of tables and 

figures. To facilitate use of this information we have incorporated five 

aids in format and presentation techniques. A cross-modal matrix is 

presented at the end of the book. This first matrix provides a detailed 

index by mode to the data included in Edition 3. A second matrix provides 

CllfClitCiCI 
a nonmodal, fuel-specific index to the data. Third, a logo Cl=e!9I[::; 
on the upper right-hand corner of a page indicates the transportation 

modes represented on that page. Fourth, a permuted title index is also 

included. By referencing key terms in the table and figure titles, the 

*A. S. Loeb!, D. J. Bjornstad, D. F. Burch et al., Transportation Energy 
Conservation Data Book, Edition 1, ORNL-5198, October 1976. 

tD. B. Shonks, A. S. Loeb!, and P. D. Patterson, Transportation Energy 
Conservation Data Book, Edition 2, ORNL-5320, October 1977. 
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permuted title index serves to both cluster and more easily identify subject 

areas addressed on an item-specific basis within the data book. Finally, 

a three-tiered keyword index to the entire document is provided at the 

back of the book. 

In conjunction with the data collection activity, the Transportation 

Energy Program at ORNL is developing a comprehensive library of documents 

relevant to transportation energy conservation. An annotated bibliography 

of these documents is available under separate cover: Transportation 

Energy Conservation Data Book: A Selected Bibliography. (See form at 

back of this document.) In addition, a list of other documents available 

by the Transportation Energy Program at ORNL is provided (see Table of 

Contents.) These documents include a Regional Data Book and a series of 

research monographs. 

The majority of the statistics contained in the Data Books are taken 

from published sources and each table or figure is referenced accordingly. 

Although the data may be reformatted for presentation by ORNL, the basic 

data are compiled from a variety of sources. Consequently, neither ORNL 

nor DOE can endorse the validity or consistency of the statistics presented. 

Users of the TEC Data Book are encouraged to comment on errors, 

omissions, emphases, and organization of this report to one of the 

persons listed on the following page. 
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Gretchen Kulp 
Data Management and Analysis Group 
Transportation Energy Program 

David L. Greene, Principal Investigator 
Data Management and Analysis Group 
Transportation Energy Program 

Oak Ridge National Laboratory Oak Ridge National Laboratory 
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Oak Ridge, Tennessee 37830 Oak Ridge, Tennessee 37830 

Philip D. Patterson, Chief 
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Characteristics of Transportation Modes 
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Characteristics of Transportation Modes 

An awareness of the characteristics of major transportation modes in 

the United States is essential to an understanding of transportation energy 

use and conservation. Total energy use in the transportation sector can be 

viewed as simply the sum total of energy used by the individual modes. Each 

mode differs in terms of the magnitude of its contribution to energy demand, 

its energy efficiency, the types of fuels it consumes, and the types of 

transportation needs it fulfills. The levels of modal demand and the allo­

cation of the nation's varied transportation demands among modes are deter­

mined by the complex interaction of individual modal supply characteristics 

and by the host of social and economic factors which determine the trans­

portation requirements of households, firms, and governments. A knowledge 

of the basic modal structure of the transportation sector is fundamental in 

evaluating transportation energy conservation policy issues. 

This chapter provides a description of the transportation sector in 

general, followed by more detailed information for each mode. Particular 

attention is focused on the highway mode, which accounts for about 77% of 

the total transportation energy consumption. Modal energy use data and 

transportation demand determinants, per se, are the topics of Chapters 2 

and 6 respectively. The purpose of Chapter 1 is to characterize the total 

transportation system in terms of vehicles, infrastructure, purchases, costs, 

fuel consumption, and use patterns. 

The chapter is divided into six sections. Section 1.1 presents an 

overview of all of the transportation modes. Detailed information is 

presented on number of vehicles and vehicle-miles traveled, by mode. In 1976 

passenger automobiles made up 76% and trucks 19% of all transportation 

vehicles (Table 1.1) and accounted for proportional amounts of vehicle-

miles traveled (74% and 21% respectively). 
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Total transportation activity appears to have resumed a pattern of 

steady growth after the end of the oil embargo in 1974. Total intercity 

passenger travel surpassed its preembargo level in 1976 and grew another 5% 

in 1977. Automobile travel continues to dominate intercity travel (85% of 

all passenger-miles) although the air mode increased its share to an all­

time high of 12%. Bus and rail were far behind with only 1.8% and 0.7% 

respectively. Intercity freight traffic also expanded, surpassing its pre­

embargo high of 2232 x 109 ton-miles in 1973 for the first time. Rail's 

share continued to decline slightly, though rail still retains the largest 

share of the traffic (36%). Trucks and pipelines were gainers, each with a 

24% modal share in 1977. Pipeline has shown the greatest increase in recent 

years, increasing its share by almost 40% since 1965. 

Section 1.2 gives an expanded treatment of the highway mode. This 

section, the largest in the data book, gives appropriate representation to 

the mode that accounted for 99% of all vehicle-miles of travel in 1977. 

Information is first present~d on the size and characteristics of the stock 

of motor vehicles. Data on cars and trucks in operation illustrate a trend 

with significant implications for efforts to improve the fuel efficiency of 

the highway vehicle population. While both have been increasing their 

numbers, trucks have been doing so more rapidly; thus, expanding their share 

of the less~efficient vehicles has tended to offset gains from more efficient 

"downsized" automobiles. Data are also included on motor vehicle registra­

tions, factory shipments, and numbers of vehicles by major use and vehicle 

configuration. The nature of the truck fleet, in terms of relationships 

between size, range of operation, fuel type, and use, is explored in a series 

of tables and graphs, Light trucks are by far the most numerous, and most 

of these are used predominantly for personal transportation. A strong 

pattern of increasing importance of diesel trucks with increasing truck size 
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and longer range of operation emerges, reflecting the dominance of diesel 

trucks in int.ercity freight opera:tions. 

Flows of capital stock are presented next with data on factory shipments, 

motor vehicle sales, and vehicle scrappage. In 1977 the first factory ship­

ments of diesel trucks under 6,000 lb were made, signaling an emerging trend 

toward increased diesel penetration of smaller vehicles. The steadily 

increasing importance of light trucks in the motor vehicle fleet is clearly 

evident in the sales statistics. Light truck (<10,000 lb) sales in 1977 

accounted for over 20% of total retail sales of passenger cars and trucks. 

All trucks accounted for one in four vehicle sales. Of these, 56% were 

pickup trucks, 89% were light trucks, and one in four light trucks was a 

four-wheel-drive vehicle. Historical statistics indicate that a large 

majority of light trucks are purchased predominantly for use in personal 

transportation; for this purpose they are energy inefficient. This trend is 

disturbing in that it is countervailing to trends in automobile fuel 

efficiency induced by the EPCA standards. Data presented in this section 

show that automobiles with efficiencies of less than 14 mpg comprised less 

than 5% of new car sales in 1977. The corresponding figures for 1976 and 

1975 were roughly 15% and 30% respectively. 

Data from ORNL and BNL studies* of vehicles in fleets show that 13.5% 

of new car sales go to the fleets of ten or more cars. Since cars remain in 

a fleet for a relatively short period of time, fleeted cars comprise only 6.5% 

of cars in operation. Yet, the impacts of fleet owners' decisions about what 

types of cars to buy last the lifetime of the vehicle and thus have a much 

larger impact of the total vehicle population. Recently, fleet buyers have 

*D.B. Shonka, Cha.racteriistics of Automotive Fleets in the U.S.: 1966-1977, 
ORNL/TM-6449, Oak Ridge National Laboratory, Oak Ridge, Tenn,, 1978; 
Joseph R. Wagner and Randall S. Davis, Fleet Operator Study, Interim 
Briefing Paper presented by Brookhaven National Laboratory and DOE's 
Contractor's Coordinating Meeting, Sept. 14, 1978. 
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reduced their purchases of standard sized cars from 97% of all purchases 

in 1970 to 45% in 1977. The number of vehicles in publicly owned fleets 

has doubled since 1960, tripled since 1950, and now stands at 2.25 million. 

These fleeted and publicly owned vehicles may offer special opportunities 

for energy conservation. 

Detailed statistics on motor vehicle use are presented next in the 

section on Travel Characteristics (Sect. 1.2.3). Annual vehicle-miles of 

travel (VMT) is one of the most basic items of data on highway travel, and 

statistics are presented by type of vehicle and area of operation. The uncer­

tainty which exists about this very important piece of data is revealed in 

a table comparing VMT data from various sources (Table 1.59). While 

estimates of household VMT are in relatively close agreement (16,400-16,828), 

estimates of VMT per automobile differ widely (9,494-15,300). Automobile 

VMT data presented indicate that VMT per car varies with size of car, number 

of cars owned by a household, and age of car. VMT per truck is strongly 

related to truck size - with trucks over 26,000 lb being used far more 

intensively than light trucks and automobiles (more than 50,000 miles the 

first two years, as opposed to 50,000-20,000 for light trucks and cars). 

Journey-to-work statistics from the 1976 Annual Housing Survey confirm 

that people in the United States overwhelmingly prefer the energy intensive 

choice of driving alone to work to all other alternatives (73%). Carpooling 

is next most favored (16%) and is more prevalent outside than within urban 

areas (Table 1.73). Mass transit is a significant mode only within central 

cities, where it captures over 13% of all work trips. Overall, those who 

walk to work only are almost as numerous (4%) as those taking mass 

transit (5.1%). 

Motor vehicle ownership statistics are presented next, highlighting 

urban and rural ownership patterns but including crosstabulations by income 

Digitized by Google 



1-7 

and expenditures by number of cars owned. The most significant difference 

between levels of urban and rural vehicle ownership is that almost twice 

the fraction of households in central cities owned no car in 1976 (27%) as 

did households outside SMSAs (14%). Survey data are used to examine differ­

ences among types of vehicles owned in urban and rural areas. Striking 

differences are apparent only for small cars and light trucks. Small cars 

(compacts and subcompacts) comprise 30% of all vehicles in metropolitan areas 

but only 22% in rural environments. Pickup trucks, which make up only 7% 

and 10% of vehicles owned by central city and suburban residents, respec­

tively, are almost 20% of the vehicles owned by nonmetropolitan residents. 

This preference for smaller, more efficient cars in urban areas may, in part, 

be a response to congested, less efficient driving conditions in urban areas. 

Section 1.3 is concerned with air transportation and begins with data on 

aircraft operations in the United States. Separate statistics are presented 

on certificated, supplemental (charter) and commuter airlines, and general 

aviation. Domestic air services have been increasing rapidly in recent years 

although the activities of supplemental carriers and international flights, 

in general, have not recovered to their preembargo values. The use of air 

transportation for nonbusiness purposes has been on the increase, raising 

the share of nonbusiness passenger trips from 45% in 1972 to 55% in 1976. 

The energy efficiency of air.travel has been improved through (1) more 

efficient aircraft, (2) higher load factors, (3) improved maintenance, and 

(4) operational changes such as reduced taxiing and reduced cruising speeds, 

to the point that Btu per passenger-mile for the mode in 1976 stood at 

about 80% of their 1971 levels. As a result, fuel consumption increased 

only 8% over the period, while services provided grew 38% (from 149 x 109 to 

206 x 109 passenger-miles). The section also includes statistics on the 

stock of aircraft use by type. Tone-miles of freight flown are included 

as well; approximatly half of this as belly freight in passenger aircraft. 
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Finally, information on airport facilities is included. 

Section 1.4 describes the U.S. intercity rail network and contains 

data on the stocks of freight and passenger cars as well as on usage. 

Despite declines in the number of freight cars and locomotives and decreases 

in the length of the rail network, ton-miles carried by rail have increased. 

This is attributable to increases in the average length of haul (from 

490 miles in 1970 to 568 miles in 1977) and the average tons per car 

(from 54.7 tons per carload in 1975 to 56.8 tone in 1977). 

Section 1.5 deals with marine transportation on waterways of the 

United States. Annual data (1970-1976) on the stock of domestic barges and 

towing vessels are presented first. While the number of towing vessels 

increased only 3% from 1970-1976, their total horsepower grew 56% to accom­

modate a growth in capacity of barges of 58%. Statistics on oceangoing 

vessels are also provided which document trends toward more and larger tankers 

and bulk carriers in the world's oceangoing fleet. A ranking of major 

commodities shipped on U.S. inland waterways is lead by such bulky commodities 

as iron ore, coal, limestone, and petroleum and petroleum products. The 

section concludes with a treatment of recreational boating in the United 

States. From 1973 to 1976 the number of recreational craft expanded from 

8 to 11 million units. Usage per boat was also seen to increase slightly, 

as did gallons of fuel used per boat hour. 

Oil and natural gas pipelines are the subject of the final section, 

Sect. 1.6. Data detailing the inventory of crude oil, product, and natural 

gas pipelines reveals little expansion of the existing capacity in recent 

years. Pipelines have always dominated crude oil movements: data on flows 

show pipelines with 87% of crude ton-miles in 1975. Recently, petroleum 

products pipelines have taken traffic away from all competing modes, 

increasing their share of ton-miles from 23% to 35%. 
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Overview 
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~ehicles owned by U.S. military services are not included. 

bU.S. Department of Transportation, Federal Highway Administration, Higm1ay Statistias, Washington, D.C., annual, Table MV-1. 

0 American Public Transit Association, Transit Faat 

dU.S. Department of Transportation, Table MV-10. 

eU.S. Department of Transportation, Table MV-7. 

f1,.s. Department of Transportation, Table MV-9. 

Book, '77-'78 edition, Washington, D.C., May 1978, p. 35. 

gAssociation of American Railroads, Yea,x,book of Railroad Faats, 

hAssociation of American Railroads, p. 49. 

iAssociation of American Railroads, p. 48. 

1978 edition, Washington, D.C., p. 52. 

jB. V. Cayce, U.S. Department of Transportation, Federal Aviation Administration, FAA Statistiaal Handbook of Aviation, Calendar Year 
1976, Washington, D. C., March 1977, p. 112. 

k B. V. Cayce, p. 46. 

l B. V. Cayce, pp. 63-<>5. 

mThe American Waterways Operators, Inc., 1975 Inland Waterborne Commerae Statistias, Arlington, Va., April 1977, pp. 2-3. 

nEstimate is the residual after passenger trucks and government trucks are accounted for. 

0 Does not include recreational marine vessels. In 1976, there were approximately 11,323,000 recreational vessels. 

Pinterstate Commerce Commission, Transport Statistias, Washington, D.C., Part 1, Table 7, annual. 

qAmerican Bus Association, Ameriaa's Number 1 Passenger Transportation Serviae, Washington, D.C., 1977, Table 1, p. 26. 
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1.1 Table 
Number of Vehicles, 1960 through 1977 

Highwaya, 

Passenger car and taxi 
Motorcycle 
Tru~k 
Bus 

Rail 

Operating railroadsd,e 
Passenger cars 
Locomotives 
Freight carsg 
Company service 

equipment cars 
Heavy rail transit 
Light rail transit 

Airi,j 

Air carrieri~j 
Certificated 
Supplemental 
Commercial 

General aviation 

Waterk 

Inland water vessels 
Self propelled 
Nonself propelled 

Oceangoing steam and 
motor vesselsl 

1960 

74,475,551 

61,683,865 
574,080 

11,945,477 
272,129 

2,172,081 

2,160,215 
28,677 
31,303 

2,032,713 

67,522 
9,010 
2,856 

78,684 

2,135 
NA 
NA 
NA 
76,549 

20,920 

20,557 
4,052 

16,505 

363 

1970 

111,222,036 

89,279,864 
2,814,730 

18,748,421 
379,021 

1,969,680 

1,959,080 
11,442 
29,167 

1,868,596 

49,875 
9,338 
1,262 

134,422 

2,679 
2,437 

119 
123 

131, 743 

25,433 

23,854 
4,230 

19,624 

1,579 

1975 

137,917,254 

106,712,551 
4,966,844 

25,775,715 
462,144 

1,450,552 

1,439,883 
6,471 

28,210 
1,359,459 

45,743 
9,608 
I, 061 

170,970 

2,495 
2,267 

74 
154 

168,475 

31,884 

31,027 
4,240 

26,787 

857 

aVehicles owned by the military services are not included. 

1976 

143,538,495 

110,351,327 
4,989,232 

27,719,597 
478,339 

1,421,107 

1,410,430 
5,478 

27,609 
1,331,705 

45,638! 
9,714 

963 

180,796 

2,492 
2,271 

77 
144 

178,304 

33,928 

33,086 
4,379 

28,707 

842 

1977 

148,759,142 

113,667,069 
5,015,298 

29,583,932 
492,843 

1,378,184 

l,367,553f 
5 ,512f 

27,680' 
1,287,315 

47,046f h 
9,639"fa' h 

992 ' 

NA 

2,473 
2,234 

78 
161 

NA 

NA 

NA 
NA 
NA 

NA 

bThese numbers are taken from the Federal Highway Administration's published reports. FHWA 
revises their numbers but does not publish the revision. The latest revisions can be 
obtained directly from FHWA and are usually reported by the Motor Vehicle Manufacturer's 
Association. 

clncludes intercity, local, and school buses. 

dAfter 1974 the data includes only Class I information. 

eincludes electric railways (except 1976 and 1977) and pullman cars, as reported to ICC. 

!Preliminary. 

gincludes cabooses, and freight cars operated by private lines as reported to ICC. 

hDoes not include 39 cable cars, and 4 inclined plane cars. 

iThe aircraft population is not an inventory of the aircraft owned by the air carriers, but 
represents the aircraft actually used by the air carrier fleet during the last quarter of 
the calendar year. 

jDoes not include aircraft operated by air taxi operators who hold authority to operate 
aircraft over 12,500 lb, turbojet aircraft under blanket authority, or aircraft operated 
by air travel clubs. For 1976, these operations included 235 aircraft. 

kDoes not include recreational water vessels. In 1976, there were 11,323,000 recreational 
vessels in use. 

lOnly 1,000 gross tons and over, excludes ships operating exclusively on the Great Lakes and 
Inland waterways and special types such as channel ships, icebreakers, cable ships, etc., 
and merchant ships owned by any military forces. 

Sources: U.S. Department of Transportation, Federal Highway Administration, Higlu.>ay Statistics, 
Washington, D.C., Table MV-1, annual; American Public Transit Association, Transit 
Fact Book, '77-'78 edition, Washington, D.C., May 1978, p. 35; Interstate Commerce 
Commission, Tronsport Statistics, Washington, D.C., Part 1, Table 7, annual; 
B. V. Cayce, U.S. Department of Transportation, Federal Aviation Administration, 
FAA Statistical Handbook of Aviation, Calendar Year 1976, Washington, D.C., Dec. 1976, 
pp. 46, 63, 64, and 116; The American Waterways Operators, Inc., 19?5 Inland 
WaterboPne Corrmerce, Arlington, Va., Apr. 1977, p. 2 and 3; U.S. Department of 
Commerce, Maritime Administration, A Statistical Analysis of the World's Merchant 
Fleets, annual; Association of American Railroads, Yearbook of Railroad Facts, 1978 
ed., Washington, D.C., pp. 48, 49, and 52; correspondence from Department of Army, 
Waterborne Commerce Statistics Center, New Orleans, La. 
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aU.S. Department of Transportation, Federal Highway Administration, Highway Statistics, Washington, D.C., 1976, Table VM-1. 

bThe international Taxicab Association reported· 12,200 million taxicab miles in Fact Sheet on Taxicab Operations in the United States, 
Year 1975, Rockville, MD, Mar. 1977, for the year 1975. This figure was scaled to 1976 using VMT for oersonal passenger cars from 
Table VM-1. 

cSame as source noted in a above except derived from appropriate deductions from Table VM-1 data to allow for government VMT statistics 
as prepared from FederaZ Motor VehicZe FZeet Report, General Services Administration, Federal Supply Serivce (for fiscal year ending 
June 30, 1976), Washington, D.C., June 1977, Table 10, p 15. 

dPercentage of 32.5 for personal passenger trucks was obtained from U.S. Bureau of the Census, Census of Transportation, 1972, U.S. 
Swrmary, TC72-T52, U.S. Government Printing Office, Washington, D.C., 1973, Table 2. 

eA.~erican ~us Association, America's Number 1 Passenger Transportation Service, Washington, D.C., 1977; supplemented by private 
communications with the American Bus Association. 

!American Public Transit Association, Transit Fact Book, 1976-1977 edition, Washington, D.C., June 1977, Table 11, by adding trolley 
coaches and conventional transit buses. 

gUsing total bus VMT from Table VM-1, figures for intercity, intracity, and federal government buses were subtracted out leaving school 
and state and local government buses totaling 2979. Table VM-1 reports 2862 school buses; so, 117 of the 2979 were allocated to state 
and local government buses. National Association State Directors of Pupil Transportation Services, 1975-76 Statistics on PupiZ 
Transportation reports that school buses are 34% privately owned and 66% publicly owned. Hence state and local government buses were 
calculated by adding 117 + .66(2862) and school buses as .34(2862). 

hGeneral Services Administration, FederaZ Motor VehicZe FZeet Report, Federal Supply Service (for fiscal year ending June 30, 1976), 
Washington, D.C., June 1977, Table 10, p. 15; auto includes sedan, station wagons, ambulances. 

iState and local government auto and motorcycle and federal government truck and motorcycle were derived using percentages based on 
U.S. Department of Transportation, Federal Highway Administration, Highway Statistics, Washington, D.C., 1976, Table MV-7 and using 
VMT from Table VM-1. 

jCommercial truck is the residual after non-government trucks, federal government trucks and state local government trucks are 
subtracted from total truck VMT from Table VM-1. 

kRatios of single-unit trucks and combination truck, and rural and urban trucks were derived from Table VM-1 in order to obtain these 
figures. 

ZAmerican Public Transit Association, Transit Fact Book, 1976-77 edition, Washington, D.C., p. 30. 

mAssociation of American Railroads, Economics and Finance Department, Operating and Traffic Statistics, O.S. Series No. 218, 1976, p. 1. 

nAssociation of American Railroads, Economics and Finance Department, Yearbook of RaiZroad Facts, 1978 edition, p. 38. 

0 u.s. Department of Transportation, Federal Aviation Administration, FAA StatisticaZ Handbook of Aviation, Calendar Year 1976, 
Washington, D.C., Table 8-5. 

Pcertificated Air Carriers - Civil Aeronautics Board, Air Carrier Traffic Statistics, Washington, D.C., December 1976, Vol. XXll-12, 
p. 4; supplemental air carriers - same source, p. 91. 
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Fig. 1. 3 Fig. 1.4 

Total Intercity Passenger-Miles, 
1960-1977. 

Mode of Intercity Passenger Trips 
1977. 

1960 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

(109) 

Table 1. 3 
Intercity Passenger-Miles by Mode of Travel, 

1960-1977 
(percent) 

Total motor 
Railways, Inland Airways, 

Automobiles 
a 

Buses 
a domestic vehiclesa revenue waterways 

passenger revenue service 

90.03 2.54 92.57 2. 75 0.34 4.34 
86.59 2 .13 88. 73 0.91 0.33 10.01 
87 .12 2.07 89.19 a. 12 0.33 9.75 
86.82 1.97 88.79 0.67 0.31 10.23 
86.40 2.00 88.40 0.70 0.30 10.60 
85.00 2.20 87.20 0.80 0.30 11. 70 
85.80 1.90 87.70 0.80 0.30 11.20 
85.40 1.80 87.20 0. 70 0.30 11.80 
85.20 1.80 87.00 0. 70 0.30 12.00 

Total Total 
passenger-miles 

(\) (109) 

100.0 784.3 
100.0 1184.8 
100.0 1229 .4 
100.0 1300.3 
100.0 1348.8 
100.0 1259.4 
100.0 1310.5 
100.0 1390.2 
100.0 1453.4 

Average annual rate 
of change 

(1970-1977) --0. 2 -2.4 --0. 3 -3. 7 -1.4 2.6 3.0 

alncludes intra-city portions of intercity trips. Omits rural-to-rural trips, strictly intra-city trips with both origin and 
destination confined to same city, local bus or transit movement, nonrevenue school, and government bus operations. 

Source: Motor Vehicle Facts & Figures '78, Motor Vehicle Manufacturer's Association, Detroit, p. 54. (Original source -
Interstate Comerce Commission and Transportation Association of America.) 
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Intercity Ton-Miles, 1950-1977. 
(109) 

Table 1.4 
Intercity Freight Movement by Mode 

(percent) 

Trucksa . b Railways Inland 
waterways a Pipelines Domestic 

airways 

16.27 
21. 72 
21. 30 
22.21 
22.70 
22.60 
22.40 
22.00 
23.20 
23.90 

1. 7 

56.17 
44.06 
39. 72 
38.42 
37.70 
38.50 
38.50 
36. 70 
35.90 
35 .70 

-1. 5 

15 . 37 
16.76 
16.49 
16. 27 
16.40 
16.00 
16.00 
16 . 60 
17 . 00 
16.10 

--0. 3 

12 .16 0.03 
17.40 0.06 
22.29 0.17 
22.92 0.18 
23.00 0.18 
22.70 0.18 
22.90 0.18 
24.50 0 . 18 
23.80 0.18 
24 . 20 0.17 

1.18 0.0 

Total (%) 

100.0 
100.0 
100.0 
100.0 
100.0 
100 . 0 
100.0 
100.0 
100.0 
100 . 0 

Total 
ton-miles 

10 9 

1062.6 
1314.3 
1933.4 
1936.5 
2073.0 
2232.0 
2212.0 
2066.0 
2200.0 
2300.0 

2.51 

a Ton-miles between cities and between rural and urban areas included, whether private or for hire . 
Rural-to-rural movements and city deliveries are omitted. 

bRevenue ton-mil es. 

a Does not include coastwide and intercoastal ton-miles. 

d l960 and later years include Alaska and Hawaii . 

Source: Motor Vehicle Manufacturers Association, Motor Vehiaie Facts & Figures ' 78, Detroit , p. 55. 
(Taken from Interstate Commerce Commission, American Trucking Association, and 
Transportation Associati?n of America.) -
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Distribution of Intercity Freight Movement 

by Type of Transport, 1950-1977. 
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Intercity Ton-Miles by Type of Transport, 

1977. 

Source: Motor Vehicle Manufacturers Association, Motor Vehicle Facts & Figures '?B, Detroit, p. 55. 
(Original source - Interstate Commerce Commission, American Trucking Association, and 
Transportation Association of America.) 
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1960 

1970 

1975 
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Table 1.5 
Load Factor and Average Length of Haul of 
Class I Intercity Carriers of Passengers 

Load Factora Average length of 
haul (miles) 

Air Bus Railb Air Bus Rail 

1950 61.2 50.7 24.6 461 52 

1960 58.6 45.3 29.8 583 79 

1970 48.9 46.0 36. 7 679 106 

1975 54.6 44.9 42.4 698 113 

1977 55.8 41. 7 40.6 705 127 

aLoad Factor is the percent of capacity 
utilized; it is determined by dividing 
either the average number of passengers 
per unit by the average number of seats 

65 

65 

38 

37 

37 

per unit or by dividing the total passenger­
miles by the total seat-miles. 

bRail commutation figures included. 

Source: Transportation Association of 
America, Transportation Facts and 
Trends, 14th edition, Washington, 
D.C., August 1978, p. 15. 

Table 1.6 
Average Length of Freight Haul in Domestic Commerce 

(in statute milesa) 

Air carriersb 
scheduled 

720 

953 

1014 

1082 

1075 

Oil pipelinea Railroadd 
U.S. as a 

crude product system 

292 

316 

300 

288 

276 

296 

271 

357 

366 

343 

416 

442 

490 

518 

540 

Truck, Class e I 
common carrier 

235 

272 

263 

287 (e) 

NA 

Water 

Rivers and Great 
canals Lakes 

NA 

282 

330 

358 

376 

NA 

522 

506 

530 

535 

Domestic 
deep sea 

NA 

1496 

1509 

1362 

1367 

aThese figures do not include any allowance for the additional mileage due to the circuity of the mode. 

bAll certificated airlines. 

aAll oil pipelines subject to ICC regulation. 

dAll operating line-haul railroads. 

eClass I intercity common carriers. 

frncludes both for-hire and private carriers. 

(e) estimated. 

NA - not available 

Source: Transportation Association of America, Transportation Faata and Trends, 14th edition, 
Washington, D.C., August 1978, p. 14. 
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Table 1.7 
Intercity Transportation Mileage Within the Continental 

United States, 1950 through 1976 
(statute miles) 

1950 1960 1965 1970 1975 1976 

Railroadsa 223,779 217,552 211,925 206,265 199,411 198,414 

Oil pipelines b 158,472 190,944 213,764 218,671 225,811 277,066 

Natural-gas pipelines 
and utility main° 145,900 239,500 273,000 319,200 331,000 328,526 

Inland waterways d 24,960 35,253 25,380 25,543 25,543 25,543 

Highways e 409,133 557,729 617,114 665,903 685,052 689,648 

Airways! 80,861 293,003 268,275 291,231 313,178 332,662 

a Data represent aggregate length of roadway of all line-haul railroads, excluding 
mileage of yard tracks or sidings. Jointly used track is counted only once. 

b Includes gathering lines. 

clncludes field and gathering and transmission lines only. Data not adjusted to 
common diameter equivalent mileage shown as of end of each year. 

dlncludes total length of all commercially navigable inland channels. 

elncludes paved primary and secondary roads under state control. 

!1960-1961 airway figures include low/medium frequency routes and very high 
frequency routes. Only very high frequency routes have been in use since 
1962. Jet ranks are included from 1960. Nautical mileage has been converted 
to statute miles for comparability with the other modes. 

Source: Transportation Association of America, Transportation Facts and Trends, 
Fourteenth Edition, Washington, D.C., August 1978, p. 31; American Gas 
Association, Department of Statistics, 1977, Gas Facts: A Statistical 
Record of the Gas Utility Industry, ~nnual, Arlington, Va., Table 43. 
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BoTH THE FEDERAL HI GHrlA y AIJ., IN I STRATI ON (FJ-IWA) AND RI L. POLK AND Co I 
REPORT FIGURES ON THE IN-USE PASSENGER CAR AND TRUCK POPUUfflON, 
HOWEVER, TI-IEIR RESPECTIVE ESTIM4TES ARE SEEN TO DIFFER FOR PASSENGER 
CARS BY UP TO 12%, THE DIFFERENCES CAN BE ATTRIBUTB) TO SEVERAL 
FACTORS: 
1. FHWA COUNT INCLUDES ALL VEHICLES WHICH HAVE BEEN REGISTERED AT SO\E 

TIME D~ING THE CALENDAR YEAR INCLUDING VEHICLES RETIRED WRING THE 
YEAR, THE R, L POLK COUNT INCLUDES TI-IE VEHICLES WHICH ARE REGISTERED 
AT AN INSTANTANEOUS POINT IN TIME, I,E, JULY l, 

2, POLK FIGURES ARE RESTRICTED TO PASSENGER CARS, w--lILE FHWA FIGURES 
M4Y INCLUDE LIGHT-IlJTY TRUCKS FOR SOME STATES, 

3, POLK FACTORS SCRAPPAGE RATES INTO TI-IEIR CALCULATIONS, WHILE TiiE 
FHWA COLNr INCLUDES VEHICLES THAT WERE RETIRED DUR ING THE YEAR,· 

FR0\1 THE AOOVE DISCUSSION, ONE CAN SEE THAT THE POLK ESTIM4TE IS A 
BETTER INDICATOR OF THE AVERAGE AUTO STOCK WRING A CALENDAR YEAR THAN 
IS THE FHWA ESTIM4TE, 

THE 00 TRUCK ESTIM4TES ARE MJCH CLOSER, PROBABLY BECAUSE THE TURtfJVER 
RATE OF TRUCKS IS LCMER THAN THAT OF CARS, THAT IS, A TRUCK IS LESS 
LIKELY TO BE RE-REGISTERED WITI-IIN A GIVEN YEAR, TI-IEREFORE ELIMINATING 
DOUBLE-COUNTING IN THE A-IWA FIGURES, 

1950 
1960 
1970 
1975 
1976 
1977 

Table 1.8 Comparison of Estimates of Passenger 
Cars and Trucks in Use 1950 through 1977 

(103) 

Passenger cars in use Trucks in use 

Percent 
FHWA/DOT R. L. Polk difference FHWA/DOT R. L. Polk 

from FHWA 

40,339 35,922 11.0 8,599 7,577 
61,682 57,163 7.3 11,914 10,803 
89,280 80,448 9.9 18,748 17,688 

106,712 95,241 10.7 25,776 24,813 
110,351 97,818 11.4 27,720 26,560 
113,667 99,904 12.1 29,584 28,222 

Percent 
difference 
from FHWA 

11.9 
9.3 
5.6 
3.7 
4.2 
4.6 

Source: R. L. Polk and Co. and U.S. Department of Transportation, Federal 
Highway Administration, High;,Jay Statistias, Washington, D.C., 
Table VM-1, annual. 
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THE NUMBER OF CARS IN OPERATION IN THE l}JITED STATES HAS INCREASED AT A 
CONSISTENT RATE SINCE 1950, Tt-E NUMBER OF TRUCKS IN OPERATION HAS 
INCREASED t-'OST RAPIDLY SINCE 1~5. THIS GROWTH CAN BE ATTRIBUTED TO 
INCREASED USE OF TRUCKS FOR FREIGHT t-'OVEMENT AND PERSONAL USE, 

10----------------------------, 

9 

8 

7 

D01LESTIC CARS 
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4, 

3 

2 

1 

0 ~--........ ----,------,-----,------,-----,------, 
llM5 1950 1955 !S60 1965 1970 

CALENDAR YEAR 

Fig. 1.8 
Cars and Trucks in O~eration, 1950-1977. 

(10 ) 

Source: R. L. Polk & Co. FURTHER REPRODUCTION PROHIBITED. 
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Table 1. 9 Passenger Cars in Use as of July 1 of Each Year by Age of Car, 1965 through 1977 

1965 1970 1975 1976 1977 

Age in Percent Percent Percent Percent Percent yearsa Number Number Number Number Number 
(000) Simple Cum. (000) Simple Cum. (000) Simple Cum. (000) Simple Cum. (000) Simple Cum. 

Under 1 6,408 9.3% 100.0% 6,288 7.8% 100.0% 4,684 4.9% 100 .0% 6,472 6.6% 100.0% 7,177 7.2% 100.0% 

1-2 7,855 11.4 90.7 9,299 11.6 92.2 9,763 10. 3 95.1 7,683 7.9 93.4 9,557 9.6 92.8 

2-3 7,315 10.6 79.3 8,816 11.0 80.6 11,332 11.9 84.8 9,746 10.0 85.5 7,477 7.5 83.2 

3-4 6,626 9.6 68.7 7,878 9.8 69.6 10,098 10.6 72.9 11,130 11.4 75.5 9,594 9.6 75.8 

4-5 5,384 7.8 59.1 8,538 10.6 59.8 8,549 9.0 62.3 9,872 10 .1 64.1 10,854 10.9 66.2 

5-6 6,002 8.7 51. 3 8,506 10.6 49.2 8,341 8.8 53.3 8,249 8.4 54.0 9,563 9.5 55.3 

6-7 5,404 7.8 42.6 7,116 8.8 38.6 8,339 8.8 44.5 7,966 8.1 45.6 7,866 7.9 45.7 

7-8 3,640 5.3 34.8 6,268 7.8 29.8 7,556 7.9 35.7 7,774 8.0 37.5 7,449 7.5 37.8 

8-9 4,527 6.6 29.5 5,058 6.3 22.0 6,113 6.4 27.8 6,856 7.0 29.5 6,963 7.0 30.4 ...... 
I 

9-10 3,979 5.8 22.9 3,267 4.1 15.7 5,796 6.1 21.4 5,361 5.5 22.5 5,859 5.9 23.4 N 
\D 

10-11 3,853 5.6 17.1 2,776 3.5 11.6 4,825 5 .1 15. 3 4,888 5.0 17.0 4,416 4.4 17.5 

11-12 2,030 2.9 11.5 1,692 2.1 8.1 3,234 3.4 10.2 3,923 4.0 12.0 3,887 3.9 13.1 

12-13 1,823 2.6 8.6 799 1.0 6.0 2,229 1.5 6.8 2,578 2.6 8.0 3,023 3.0 9.2 

13-14 856 1. 2 6.0 996 1.2 5.0 1,407 1.5 4.5 1,740 1.8 5.4 1,969 2.0 6.2 

14-15 932 1.4 4.8 794 1.0 3.8 689 • 7 3.0 1,083 1.1 3.6 1,315 1.3 4.2 

15-16 931 1.4 3.4 753 .9 2.8 523 . 5 2.3 526 0.5 2.5 818 0.8 2.9 

16 & Older ~ ~ 2.0 ...Llli 1.9 1.9 .....!.,2£ 1.8 1.8 1,943 2.0 2.0 2,093 2.1 2. 1 

Subtotal 68,936 100.0% 80,427 100.0% 95,220 100.0% 97,790 100.0% 99,880 100.0% 

0 
Year not given 4 22 21 28 --- --- 24 --- --- --- --- --- --- --

cci" Total 68,940 80,449 95,241 97,818 99,904 
;:::;.: 
j,j" 
(D Average age 5.90 years 5.55 years 5.99 years 6.16 years 6.23 years 
0.. 

CJ" 
'< aEach class interval includes lower but not higher age. 
() 

bBeginning in 1966 certain vehicles previously counted as passenger cars have been counted as trucks. The 1966 change involved an estimated 700,000 
0 vehicles. 

~ Source: R. L. Polk & Co. FURTHER REPRODUCTION PROHIBITED. OJ ~ rv 
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TABLE 1.8 POINTS OUT DIFFERENCES IN ESTIMATES OF CARS IN OPERATION IN n£ UNITED STATES, &RAPPAGE RATES 

ALSO VARY WITH THE PASE DATA SET USED., 1,E,., R, L POLK & Co,., VS FHW\, NATIONAL MCM>BILE DEALERS 

A.5SOCIATION CALCULATES &:RAPPAGE RATES DURING Tl-£ CALENDAR YEAR USING FHWL\ REGISlRATION DATA, R, L POLK 

& Co, CALCULATES SCRAPPAGE RATES FRQ\1 JULY TO JUNE USING THEIR CARS-IN-OPERATION DATA, 

1950 
1960 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Table 1.10 Estimates of U.S. Auto Scrappage Since 1950 

R. L. Polk & Co.a 

Scrappage percent of 
new cars registered 

during period 
July 1 through June 30 

58.9 
71.0 
66.9 
79.2 
69.1 
69.3 
70.4 
72.0 
68.3 
72.6 
79.8 

NA 

Scrappage percent 
of cars in use 

on July 1 

10.3 
7.5 
8.4 
9.5 
7.5 
8.5 
9.2 
8.0 
6.1 
7.2 
8.4 

NA 

NADA' 

Scrappage percent of 
new cars registered 

during period 
January 1 through December 31 

62.6 
67.6 
63.7 
75.7 
65.8 
62.0 
49.3 
74.3 
74.5 
69.5 
64.1 

Scrappage percent 
of cars in use 
on January 1 

NA 
7.5 
8.6 
7.8 
8.0 
7.9 
7.6 
6.3 
6.8 
6.3 
6.8 
6.8 

NA -not available 

aCars in use as of July 1 in base year minus cars in use as of June 30 in base year and one plus new car 
registrations between July 1 in base year and June 30 in base year and one equals scrappage in base 
year. 

bTotal registrations during base calendar year minus total registrations during base calendar year and 
one plus total new car registrations in base calendar year and one equals scrappage in base calendar 
year. 

Sources: R. M. Lienert (ed.), Automotive News - 1978 MaPket Data Book Issue, Crain Automotive Group, 
Inc., Detroit, 1978, p. 28; National Automobile Dealers Association, Research and Dealership 
Operations Division, F?'anchised New Ca.I' and Truck DeaZer Facts, McClean, Va., 1978, p. 12; 
H. A. Stark (ed.), Ward's Automotive YeaPbook, 40th ed., Ward's Communications, Inc., Detroit, 
1978, p. 173. 
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Table 1.11 Trucks in Use as of July 1 of Each Year by Age of Truck, 1965 through 1977 

1965 1970 1975v 1976v 1977 

Age in Percent Percent Percent Percent Percent yearsa Number Number Number Number Number 
(000) Simple Cum. (000) Simple Cum . (000) Simple Cum. (000) Simple Cur.i. (000) Simple Cum. 

Under 1 946 7.2\ 100.0\ 1,262 7.1\ 100.0\ 1,326 5.3\ 100.0\ 1,893 7 .1\ 100 .0\ 2,177 7. 7\ 100 . 0% 

1-2 1,219 9.3 92 . 8 1,881 10.6 92 .9 2,739 11.0 94.7 2,148 8.1 92.9 2,746 9.7 92.3 

2-3 1,057 8 . 1 83.5 1,536 8.7 82.3 2,848 11.5 83.7 2,732 10. 3 84.8 2,109 7.5 82 . 5 

3-4 926 7 .1 75.4 1,428 8.1 73.6 2,384 9.6 72.2 2,799 10.5 74.5 2,689 9.5 75.l 

4-5 732 5.6 68.3 1,483 8.4 65.5 1,730 7.0 62.6 2,346 8,8 63.9 2,752 9.8 65.5 

5--6 817 6.2 62.7 1,339 7.6 57.1 1,668 6.7 55.6 1,697 6.4 55.l 2,291 8.1 55.8 

6--7 777 5.9 56.5 1,154 6.5 49.5 l, 779 7.2 48.9 1,635 6.2 48.7 1,639 5.8 47.6 

7-8 550 4.2 50.6 975 5.5 43.0 1,395 5.6 41.7 1,731 6.5 42.5 1,573 5.6 41. 8 

8-9 623 4.8 46.4 826 4.7 37 . 5 1,273 5.1 36.l 1,345 5.1 36.0 1,645 5.8 36.3 
1--' 
I 

9-10 662 5.0 41.6 621 3.5 32.8 1,256 5.1 31.0 1,220 4.6 30 .9 1,267 4.5 30.4 
vl 
1--' 

10-11 696 5.3 36.6 658 3.7 29.3 1,085 4.4 25.9 1,191 4.5 26.4 1,129 4.0 25.9 

11-12 486 3.7 31. 3 583 3.3 25.6 884 3.6 21. 5 1,024 3.9 21.9 1, 096 3. 9 21. 9 

12-13 559 4.3 27.6 383 2.2 22.3 697 2.8 17.9 828 3.1 18.0 922 3.3 18.0 

13-14 482 3.7 23.3 417 2.4 20.1 554 2.2 15.l 642 2.4 14.9 736 2.6 14.8 

14--15 563 4.3 19.6 414 2.3 17 . 7 388 1.6 12.9 503 1.9 12.5 566 2.0 12.2 

lS-16 570 4.3 15.3 432 2.4 15.4 391 1.6 11.3 351 1.3 10.6 442 l. 6 10.2 

16 & Older ..h.lli. ....!.hQ_ ....!.hQ_ 2,278 13.0 ~ 2,393 9.7 9.7 ~ 9.3 9.3 ..1,_ig 8.6 8.6 

Subtotal 13,106 100.0\ 17,671 100.0\ 24,790 100.0\ 26,540 100.0% 28,201 100.0% 

Year not given 21 15 23 20 21 
0 Total 13,127 17,686 24,813 26,560 28,222 (0. 
;::;: Average age 7.98 years 7.33 years 6.94 years 6.97 years 6.93 years N. 
CD 
0.. 

aEach class interval includes lower but not higher age. O" 
'< a CJ bBeginning in 1966 certain vehicles previously counted as passenger cars have been counted as trucks. The 1966 change involved an estimated 700,000 

0 
vehicles. 

a Source: R. L. Polk & Co. FURTIIER REPRODUCTION PROHIBITED. D ~ 
(v 
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1950 
1960 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Table 1.12 Estimates of U.S. Truck Scrappage Since 1950 

a R. L. Polk & Co. 

Scrappage percent of 
new trucks registered 

during period 
July 1 through June 30 

57.5 
73.0 
51.7 
43.2 
57.4 
44.4 
42.4 
35.5 
37.7 
38.6 
50.1 

NA 

Scrappage percent 
of trucks in use 

on July 1 

8.7 
6.0 
6.2 
5.0 
5.9 
5.7 
6.1 
4.9 
3.9 
4.4 
6.3 

NA 

NADA' 

Scrappage percent of 
new trucks registered 

during period 
January 1 through December 31 

NA 
59.7 
58.0 
48.9 
52.7 
55.1 
42.2 
42.9 
46.3 
47.6 
52.2 
46.9 

Scrappage percent 
of trucks in use 
on January 1 

NA 
5.0 
6.6 
5.7 
5.6 
6.2 
5.7 
6.5 
5.6 
4.9 
6.5 
6.2 

aTrucks in use as of July 1 in base year minus trucks in use as of June 30 in base year and one plus new 
truck registrations between July 1 in base year and June 30 in base year and one equals scrappage in 
base year. 

bTotal registrations during base calendar year minus total registrations during base calendar year and 
one plus total new truck registrations in base calendar year and one equals scrappage in base calendar 
year. 

Sources: R. M. Lienert (ed.), Automotive News - 1978 Market Data Book Issue, Crain Automotive Group, 
Inc., Detroit, 1978, p. 45; National Automobile Dealers Association, Research and Dealership 
Operations Division, FPanchised New Car and Truck DeaZeP Facts, McClean, Va., 1978, p. 34; 
H. A. Stark (ed.), Ward's Automotive Yearbook, 40th ed., Ward's Communications, Inc., 
Detroit, 1978, p. 173. 
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THE AVERAGE AGE OF PASSENGER CARS HAS RISEN SLIGI-ITLY SINCE THE EARLY 
SEVENTIES, IN 1977, FOLR TO FIVE YEAR OLD ALITQ¥0BIL£S ACCOLM"ED Fffi 
NEARLY 1J% OF THE TOTAL, THE AVERAGE AGE OF PASSENGER CARS IN USE IN 
THE UNITED STATES IN 1977 WAS 6,2 YEARS, THE AVERAGE AGE OF U.S. CARS 
AT FIRST TRADE-IN WAS APPROXI~TELY 3.6 YEARS, AND THE AVERAGE AGE OF 
U.S. CARS AT ~y TRADE-IN WAS 4.3-4.5 YEARS OLD, 

THE LIFETit-'E OF TRUCKS DECLINED BETWEEN THE EARLY SIXTIES AND EARLY 
SEVENTIES, HOWEVER, SINCE 1973, THE AVERAGE AGE OF TROCKS HAS REt-1AINED 
JUST UNDER SEVEN YEARS, 

8.5----------------------

8 

7.5 

8 

PASSENGER CARS 

s--------------------------41 
1946 1950 1860 1865 19'10 

YEAR 

Fig. 1. 9 

Average Age of Passenger Cars and Trucks in Use 
in the U.S., 1950-1977. 

Source: Motor Vehicle Manufacturers Association, Motor Vehicle Facts & 
Figures '78, Detroit, 1978, pp. 32 and 33. 
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Table 1.13 Number of Highway Motor Vehicles Registered in the United States 
by Type, 1950 through 1977 

(103) 

Passenger vehicles Cargo vehicles 
All 

Buses All Single- motor b 
Passenger All % diesel 

passengeb unit Combinations vehicles 
cars Commercial School . All % diesel trucks 

trucks trucks 

buses busesa vehicles 

1950 40,339 224 40,563 8,599 49,162 

1960 61,671 272 61,943 11,914 73,858 

1970 89,280 90 289 379 89,659 17,788 960 18,748 108,407 

1971 92,799 90 307 398 93,197 18,828 974 19,802 ll2,999 

1972 96,860 89 318 407 97,267 20,249 990 21,239 118,506 

1973 101,762 90 336 426 102,188 22,205 1,028 23,233 125,421 

1974 104,856 90 357 447 105,304 23,545 1,085 24,630 134,900 

1975 106,712 94 368 462 16.9 107,175 24,645 1,131 25,776 4.5 132,950 

1976 110,351 97 381 478 17 . 2 110 , 830 26,499 1,221 27,720 4.7 138,549 

1977 ll3,667 493 114,160 96.6 29,584 143,744 

alncludes butane and other special fuels. Percentage is based on number of buses in operation rather than registration counts 

of the states. 

bMotorcycles are not included. See Table 1.43 for motor motorcycles in use in 1977. 

Source: U.S. Department of Transportation, Federal Highway Administration, HighuJay Statistias, Washington, D.C., Table VM-1, 

MV-9, and MV-10, annual. 
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TRUCK SALES AS A PERCENT OF TOTAL PASSENGER CARS AND TRUCK RETAIL SALES ~VE STEADILY INCREASB) FROM 
12% IN 1955 TO V,7% IN 1970 TO 24.7% IN 1977, 

Domestic 

1955 7,408 
1960 6,142 
1970 7,119 
1975 7,053 
1976 8,611 
1977 9,109 

NA - not available 

Table 1.14 
U.S. Retail Sales of Passenger Cars and Trucks, 1955 through 1977 

(in thousands) 

Passenger cars Trucks 

Import Total % import Domestic Import Total % import % diesela 

58 7,466 0,8 1,012 3 1,015 0.3 NA 
499 6,641 7,5 926 37 963 3.8 NA 

1,285 8,405 15.3 1,746 65 1,811 3.6 5.8 
1,587 8,640 18.4 2,248 231 2,479 9.3 4 . 1 
1,500 10,111 14.8 2,944 237 3,181 7.4 4.0 
2,076 11,185 18.6 3,352 323 3,675 8.8 5.0 

aDerived from data on factory sales of diesel trucks. 

Source: Motor Vehicle Manufacturers Association, Motor VehicZe Facts & Figures '78, Detroit, 1977, pp. 11 and 18. 

Trucks as a% 
of total retail 

sales 

12.0 
12.7 
17.7 
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A GRADUAL SHIFT FROM LARGER., HEAVIER CARS HAS TAKEN PLACE IN THE PAST FEW YEARS, IbWN-SIZING OF 
AUTCM>BILES IlJE TO FUEL ECONQ\1Y STANDARDS AND CONSLMER CONSERVATION AWARENESS MAY BE ATTRIBUTABLE TO 
THIS M:>VEMENT, IN 1975 THE 4500 LB WEIGHT CLASS HAD THE HIGHEST PERCENT OF CAR SALES, Bv 1978., 
3500 LB BECAME THE DOMINANT WEIGHT CL.ASS IN CAR SALES, THE t'OST SIGNIFICANT DECREASES HAVE OCCURED 
IN THE 5(XX) LB AND 5500 LB WEIGHT CLASSES, 

en 40 
lLI 
..J 
<{ 
en 

• 30 en 
lLI 

~ 
J-en 20 
0 
If) 

LL 
0 

J­
z 
lLI 
0 
0:: 
lLI 
Cl. -

10 

0 

I 
1975 

~ 
1977 

2000-
2250 

I! 
1976 

□ 1978 

2500-
2750 

3000 3500 4000 

WEIGHT CLASS (lb) 

0RNL DWG 78-17760 

4500 5000 5500 

Fig. 1.10 Passenger Car Weight Distributions, 1975 through 1978. 

Source: Environmental Protection Agency, Assistant Administrator for Air and Waste Management, Deputy 
Administrator for Mobile Source Air Pollution Control, Washington, D.C., September 1978. 
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CAPT I VE It-PORTS ARE K>TOR VEHICLES PRODUCED OVERSEAS FOR D0'1ESTI C MANUFACTURERS, CAPTIVE U.Af>ORT SALES 
ARE INCLLIDED WI1H THE TOTAL IMPORT (NOT DQYESTIC) SALES FIGLRES, HCMEVER, THE NATIONAL HIGHWAY AND 

TRAFFIC SAFETY Arr,,JNISTRATION (NHTSAJ HAS BEEN COUNTING CAPTIVE SALES IN THE DQVESTIC CORPORATE AVERAGE 
FUEL ECONOMY (CAFE), 

Table 1.15 
U.S. Captive Import Sales, 1975-1977 

Plymouth Arrow 
Dodge Colt 
Lincoln-Mercury Capria 
Ford Fiesta 
Buick Opel 

Total cars 
Percent of total import cars 

Ford Courier 
Chevrolet LUY 

Total trucks 
Percent of total import trucks 

alncludes 490 Pantera's in 1975. 

1975 % total 

60,356 39.6 
55,075 36.0 

36,893 24.3 
152,324 100.0 

10.0 

56,073 54.6 
46,678 45.4 

102,751 100.0 
44.9 

1976 

30,430 
48,542 
29,904 

10,483 
119,359 

8.0 

% total 

25.5 
40.7 
25.0 

8.8 
100.0 

54,589 54.4 
45,670 45.6 

100,259 100.0 
42 . 2 

1977 % total 

47,345 22.2 
70,679 33.l 
22,458 10.5 
40,549 19.0 
29,067 13.6 

213,336 100.0 
10.3 

65,755 49.3 
67,539 50.6 

133,294 100.0 
41.2 

Source: H. A. Stark (ed.), Ward's Communications Inc., Ward's Automotive Yearbook 
19?8, 40th ed., Detroit, p. 33 . 
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PRoruCTION OF CARS WITH V-8 ENGINES PEAKED IN 1g;9, 
RECENT YEARS l+\S BEEN TCMARD INSTALLATION OF THE "6" IN CARS WHICH 
USED TO OFFER V-8s EXCWSIVELY, 
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Fig. 1.11 U.S. Car Production by Cylinder Type, 1962-1977. 

Source: H. A. Stark (ed.), Ward's Communications Inc., Ward's 
Automotive Yearbook, 1978 ed., Detroit, p. 112. 
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THE AVERAGE WEIGHT OF A CAR IN THE UNITED STATES HAS DECREASED BY ABOUT 
230 LB SINCE 1975, THIS WEIGHT REDUCTION HAS RESULTED MAINLY FROM THE 
SUBSTITUTION OF PLASTICS, All.t-11""'1, AND HIGH-STRENGTH STEEL FOR CAST 
IRON., CONVENTIONAL STEEL, AND CONVENTIONAL FINE DIE CASTINGS., AND FRQ\1 
THE SWITCH TO SMALLER COMPONENTS, 

Table 1.16 Estimated Materials Consumption in 
a Typical U.S.-Built Car 

Material 

High-strength 
steel 

Aluminum 
Plastics 
Glass 
Copper 
Zinc die 

castings 
Rubber 
Lead 
Stainless steel 
Iron 
Plain carbon and 

coated steel 
Fluids, 

lubricants 
Other alloy 

steel, cloth, 
cardboard, etc. 

Totals 

1975 

100 
81 

155 
86 
33 

so 
149 

25 
28 

580 

2125 

180 

207 

3799 

(lb) 

1976 

120 
85.5 

162.5 
87.5 
32 

44 
153 

25 
28 

562 

2075 

190 

196 

3760.5 

1977 

127.5 
98.5 

170.5 
86 
30.5 

38 
150 

25 
27 

540 

1995 

200 

185 

3673 

1978 

133 
112.5 
180 
86.5 
29 

31 
146.5 

25 
26 

512 

1915 

198 

175 

3569.5 

Source: H. A. Stark (ed.), Ward's Communications Inc., Ward's 
Automotive Yearbook, 1978 ed., Detroit, p. 65. 
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SALES OF DIESEL CARS IN TI-IE UNITED STATES HAVE INCREASED APPROXIMATELY 
SEVEN-FOLD SINCE 1973.., WHEN iYERCEDES-BENZ.., WHICH OFFERED TI-IE ONLY DIESEL 
CAR IN TI-IE COUNTRY.., SOLD 6.,252 DIESELS, ACCORDING TO TI-IE REFERENCE CITED 
BEL06'., SRI INTERNATIONAL.., TI-IE INCREASE IN DIESEL SALES CAN BE ATTRIBUTED 
TO SEVERAL FACTORS SUCH AS OPERATIONAL ECON0'1Y.., TI-IE HIGH-MILEAGE USER 
~O STANDS TO REDUCE OVERALL COSTS., CONCERN FOR TI-IE ENVIROl'l-1ENT AND 
CONSERVATION.., TECHNICAL INTEREST.., AND A DESIRE TO BE DIFFERENT (A MATTER 
OF IMAGE), 
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Fig. 1.12 U.S. Sales of Diesel Automobiles, 1965 through 1977. 

Table 1.17 U.S. Sales of Diesel Automobiles by Make, 
1965 through 1977 

Mercedes-Benz Peugeot Scout Volkswagen Total 

1965 3,419 3,419 
1966 3,549 3,549 
1967 4,749 4,749 
1968 5,494 5,494 
1969 5,446 5,446 
1970 4,915 4,915 
1971 6,016 6,016 
1972 5,988 5,988 
1973 6,252 6,252 
1974 10,108 NA 10,108 
1975 18,578 1,944 20,522 
1976 20,051 4,203 1,200 25,454 
1977 22,434 4,823 2,000 12,861 42,118 

Source: Richard L. Goen and Mary E. Ivory, VieseZ Cars in the United 
States~ SRI International, Menlo Park, Calif., June 1978 
(draft report), p. 3. 
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Fig. 1.13 Market Shares of New Car Sales by Gasoline Mileage Rating. 

Note : Market share is the percentage that cars in each category are of 
total new car sales from January through August of each year. For 
imports, only those from Germany and Japan (including imports by 
U.S. manufacturers), which account for approximately 80% of all 
imported cars sold in the U.S., are shown; accordingly percentage 
totals are less than 100. Gasoline mileage data are from the 
EPA. For 1976 and 1977, the combined city and highway miles per 
gallon rating is used; for 1975, a weighted average of city and 
highway rating i s used. Sma l l alterations in the test conditions 
from year-to-year do not significantly affect results. For models 
for which a range of engine options is offered, the fuel economy 
rating of the engine with the most commonly selected number of 
cylinders anq the smallest cubic inch displacement is used . 
Generally, this is a four-cylinder engine for subcompacts, six­
cylinder for compacts, and e i ght-cylinder for intermediates and 
full-sized models with an automatic transmission. Imports are 
largely four-cylinder and manual transmission. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, 
Survey of Current Business, Washington, D.C., September 1977, 
p. 4. 
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Table 1.18 
U.S. New Car Registrations by Market Segment, 1971 through 1977 

(percent) 

Compact Intermediate Full-size Passenger vans Total 
and miscellaneous domestic 

15.8 20.3 40.5 0.7 84.9 
15.4 21. 7 39.5 0.7 85.6 
17.7 23.0 33.9 0.8 84.8 
20.0 24.2 26.6 1.1 84.3 
21.4 23.9 22.7 1.3 81.9 
23.1 26.8 24.0 1.3 85.3 
20.0 26.6 25.5 1.3 81.9 

Cars within size classifications may vary by years. 

Import Total 
registrations 

15.1 9,825,708 
14.4 10,683,864 
15.2 11,350,995 
15.7 8,701,094 
18.1 8,261,840 
14.8 9,751,4.8-5 
18.1 10,751,924 

Sources: H. A. Stark (ed.), Ward's Communications Inc., Ward's 19?6 Automotive Yearbook, 38th ed., 
Detroit, p. 137; Ward's 19?8 Automotive Yearbook, 40th ed., Detroit, p. 159. 
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As THE GRAPH BELOW INDICATES, THE TREND IN THE EARLY 1970s WAS TOiARD 
INCREASED SALES OF ~LL AUTQYOBILES AT THE EXPENSE OF FULL-SIZE AUTO­
flOBILES, IN 1976, THIS TREND REVERSED ITSELF AND THE MARKET SEGl\1ENT 
PERCENTAGE FOR FULL-SIZE AUTQYOBILES INCREASED, 
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Fig. 1.14 Percent New Car Registration by Ward's Market Segment.a 

aThe market segment breakdowns were determined by Ward's classification 
scheme which is based on car size and merchandising intent. Ward's 
classification of individual car-lines differs slightly from that of 
the Environmental Protection Agency (EPA), which classifies cars according 
to their interior size only. 

Note: Small includes subcompacts, compacts, and imports. Full-size 
include full-size, passenger vans and miscellaneous. 

Source: H. A. Stark (ed.), Ward's Communications Inc., WaPd's 1976 
Automotive YeaPbook, 39th ed., Detroit, Michigan, 1978, p. 159. 
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Table 1.19 New Domestic Truck Retail Sales in the United States by GVW, 1971 through 1977 

6,000 6,001- 10,001- 14,001- 16,001- 19,501- 26,001- Over Total Percent light & less 10,000 14,000 16,000 19,500 26,000 33,000 33,000 trucka 

1971 1,184,741 487,633 6,173 14,643 46,094 139,587 33,749 98,664 2,0ll,284b 83.1 
1972 1,497,630 598,813 54,695 10,819 28,608 181,771 35,357 126,225 2,533,918b 82.7 
1973 1,754,254 758,236 49,771 3,118 15,709 235,569 37,030 154,571 3,008,258b 83.5 
1974 1,469,093 693,741 21,038 2,693 14,455 207,001 31,036 144,533 2,586,590b 83.6 
1975 1,101,242 951,710 23,054 1,253 9,073 158,584 22,993 83,148 2,351, 057b 87.3 

1,318,492 1,400,947 43,399 178 8,780 152,759 22,282 97,286 89.3 1976 3,044,123 
1977 1,305 , 788 1,802,692 36,478 3,237 4,847 163,370 28,491 140,643 3,485,546 89.0 

al0,000 lb or less. 

b!ncludes imports by U.S. manufacturers - approximately 102,000 in 1975 and 100,000 in 1976 - but excludes other 
imports. 

Source: Motor Vehicle Manufacturers Association, Motor VehioZe Faots & Figures '78, Detroit, 1977, p. 19, 
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THE RECENT INCREASE IN NEW ])Q',ESTIC TRUCK RETAIL SALES IS DUE TO AN 
INCREASE IN SALES OF LIGHT TRUCKS - DEFINED AS lQJ(X)) G\M OR LESS, 
THE LIGHT TRUCK CATEGORY ITSELF HAS EXPERIENCED A SHIFT FROM LIGHTER 
(<6J(X)) LB) TO HEAVIER TRUCKS (6J(X))-1QJ(X)) LB), PART OF THIS TREND 
RESULTS FROM THE EPA FUEL ECONQ\1Y AND EMISSIONS CONTROL STANDARDS WHICH 
PREVIClJSLY CClJLD BE AVOIDED FOR VEHICLES OVER 6J(X)) LB, THE LIGHlWEIGI-IT 
CATEGORY HAS NOfJ BEEN INCREASED TO 8J500 LB, 

21000000-----------------------... 

1800000 

en uooooo fzl 
,-J 
< 
C'fl 

:ii:: l200000 u 
::, 
12:: 
E-< 

u JOOOOOO 
e::: 
C'fl 
fzl 
:::::ie 
0 800000 
0 

fl: LEGEND 
fzl o - 6000 LBS .!c LESS :z; 

600000 11 - 6001 - 10000 LBS 
+ -10001 - 19500 LBS 
x -19501 - 26000 LBS 
o - 26001 - 33000 LBS 
v - OVER 30000 LBS 

200000 

o L---:t==::::==::::::::::=:•::::::::~::•~=~~===t~_J 
1970 um 1972 1973 1n 15175 15176 15178 

YEAR 

Fig. 1.15 New Domestic Truck Retail Sales in the United States by 
GVW, 1971 through 1977. 

(lb) 

Source: Motor Vehicle Manufacturers Association, Motor Vehiale Faats & 
Figures '78, Detroit, 1977, p. 19. 
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0vER HALF OF THE NEW TRUCKS IN THE UNITED STATES ARE THE CO'NENTIONAL PICKUP BCOY TYPE (56%). THE 
FIGURES ON PICKUP C(1,IER PRODUCTION (SEE TABLE 1.21) SUGGEST THAT IN 1977 ABOUT 13% OF THESE TRUCKS 
WERE REFITTED WITH CN-1PER TCPS FCR USE AS RECREATIONAL VEHICLES. 

Table 1. 20 
U.S. New Truck Retail Deliveries by Body Type, 1976 and 1977 

1976 Distribution (%) 1977 Distribution(%) 

Less than 10,000 lb 2,719,439 89.3 3,108,480 89.2 
Utility 213,334 7.0 252,019 7.2 
Car-type pickup 66,667 2.2 76,997 2.2 
Compact import pickup 100,251 3.3 133,291 3.8 
Van and cutaway chassis 522,815 17.2 575,973 16.5 
Conventional pickup 1,703,851 56.0 1,941,206 55.7 
Station wagon (truck chassis) 73,270 2.4 87,787 2.5 
Passenger carrier 5,274 0.2 6,061 0.2 
Multi-stop 33,522 1.1 35,142 1.0 
Other 455 4 

10,001-14,000 lb 43,399 1.4 36,478 1.0 
14,001-16,000 lb 178 3,237 0.1 
16,001-19,500 lb 8,780 0.3 4,847 0.1 
19,501-26,000 lb 152,759 5.0 163,370 4.7 
26,001-33,000 lb 22,282 0.7 28,491 0.8 
33,001 lb and over 97,286 3.2 140,643 4.0 

Grand total 3,044,123 100.0 3,485,546 100.0 

Source: H. A. Stark (ed.), Ward's Automotive Yearbook, 40th ed., Ward's Communications, Inc., 
Detroit, 1978, p. 147. 
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PICKUP COVER PRODUCTION FIGURES PROVIDE AN INDICATION OF lHE VOW'-1E OF 

PICKUP TRUCKS CONVERTBJ TO RECREATIONAL VB-HCLES, 

Table 1.21 Pickup Cover Production, 1970 through 1977 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

91,700 
98,400 

164,600 
223,700 
233,400 
212,500 
215,200 
212,000 

Source: Recreational Vehicle Industry Association, Faats and Trends, 
Chantilly, Va., 1977-1978, p. 20. 

THE DIESEL TRUCK MARKET CONTINUED TO EXPAND IN 19TJ WITH THE INCLUSIOO 

OF THE FIRST FACTORY-SHIPPED CL.ASS OOE DIESEL TRUCKS, GIVEN Tl-£ ENERGY 

IMPLICATIONS OF USING DIESEL FUEL AND THE RECENT EXPANSION IN LIGHT 

TRUCK SALES, THIS TREND IS I\OTOORTHY, 

Table 1.22 U.S. Diesel Truck Factory Shipments, 1975 through 1977 

Units, lb 

6,000-less 
6,001-10,000 

10,001-14,000 
14,001-16,000 
16,001-19,500 
19,501-26,000 
26,001-33,000 
33,001-over 

Total 

1975 
tJnits % Total 

1 

159 0.2 
5,651 5.5 

11,819 11.5 
84,878 82.8 

102,508 100.0 

1976 
Units % Total 

1,596 

7,708 
11,509 

108,263 

129,076 

1.3 

5.9 
8.9 

83.9 

100.0 

1977 
Units % Total 

2,392 
1,128 

14,575 
17,363 

149,839 

185,297 

1.3 
0.6 

7.9 
9.4 

80.8 

100.0 

Source: H. A. Stark (ed.), Ward's Communications Inc., Ward's 19?8 
Automotive Yearbook, 40th ed., Detroit, p. 127. 

Digitized by Google 



1-48 

Table 1. 23 
Factory Installation of Energy-Related Equipment on Domestic and 

Imported Passenger Cars and Light Trucks by 
Model Year, 1973 through 1978 

(percent of total units) 

1973 1974 1975 1976 · 1977 

Domestic 
Automobiles 

Automatic transmission 93.4 89.8 91.6 91.4 95.2 
V-8 engine 83.5 67.8 71.4 68.7 76.0 
6-cylinder engine 8.6 18.9 19.6 21.1 17.7 
Power steering 87.7 83.3 88.9 89.9 92.0 
Power brakes 75.5 67.2 76.4 80.9 86.9 
Power windows 25.7 18.8 24.5 23.1 27.0 
Power door locks 13.8 11.8 16.9 19.1 24.7 
Air conditioning 72.6 67.9 72.6 74.0 81. 7 
Power seats 14.3 10.9 31.3 16.5 21.0 
Speed regulating device 10.6 11.6 19.7 26.4 32.6 
Steel belted radial ply tires 13.3 33.2 81.8 76.9 80.2 

Trucks - 10,000 lb GVW or less 
Automatic transmission 62.9 66.0 66.4 67.8 73.1 
V-8 engine 84.2 84.5 83.9 81.6 84.4 
Air conditioning 28.6 29.3 30.6 33.3 38.2 
Power steering 61.4 68.7 76.7 78.9 87.0 
Power brakes 63.5 67.5 80.2 81.4 86.9 
Four-wheel drive NA NA 23.4 23.8 24.6 
Steel belted radial ply tires NA NA 6.0 9.1 9.1 

Imports 
Automobiles 

Automatic transmission 26.6 27.6 
4-speed transmission 55.6 44.6 
4-cylinder engine 90.0 88.4 
6-cylinder engine 7.3 7.5 
Power steering 7.3 10.0 
Power brakes 86.9 75.8 
Air conditioning 21.3 27.0 
Steel belted radial ply tires 71.4 80.0 

Trucks - 10,000 lb GVW or less 
4-speed transmission 58.6 
5-speed transmission 32.2 
4-cylinder engine 95.8 
Power brakes 100.0 
Power steering 
Air conditioning 10.5 
Steel belted radial ply tires 26.4 

NA - not available. 

1978 

94.3 
69.3 
22.9 
94.0 
86,5 
30.3 
27.7 
82.6 
13.4 
38.8 
77.5 

70.8 
81.4 
40.5 
89.3 
88.0 
30.0 

7.7 

Sources: Motor Vehicle Manufacturers Association, Motor Vehiate Facts & Figures 
'77, Detroit, 1976, p. 13; H. A. Stark (ed.), Wa:t'd's Automotive 
Yearbook, 39th ed., Ward's Communications, Inc., 1977, p. 53; Wa,y,d's 
Automotive Reports, Vol. 52, No. 14, April 4, 1977; No. 17, April 25, 
1977; Vol. 53, No. 12, March 20, 1978; No. 16, April 17, 1978; No. 19, 
May 8, 1978. 
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IN GENERAL, THE TYPICAL h-ERICAN CAR IS LOADED OOf1'N WITH OPTIONS -
OFTEN Tit-ES OPTIONS w-lICH DECREASE THEIR FLEL ECONOO SUCH AS AIR 
CONDITIONING I 

THIRTY PERCENT OF 1978 ~EL LIGHT TRUCKS WERE FOI..R-WHEEL DRIVE VEHICLES, 

'IO 

fs1 80 
c., 

~ 
~ eo 
(.) 

&i 
p., 

20 

10 

~ 
o - .A.UTOlUTIC TRANSKISSION 
"' - POWER STEERING 
+ - POWER BR.AKES 
x • .A.IR CONDITIONING 

o...,_-...--...----------,.---,.-----.--..-------------~ 
1i110 1852 191k 1SIM 11158 1960 1962 11164 1966 111611 1ll'10 1972 1IJ'lll 19'16 1flll 1111111 

YEARS 

Fig. 1.16 Factory Installation of Energy Related Equipment 
on Domestic Motor Vehicles. 

(% of total units) 

Source: Motor Vehicle Manufacturers Association, Motor VehiaZe Faats & 
Figures, Detroit, annual data. 
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THE DATA BELCM ON USBJ CAR SALES WERE ESTit-'ATBJ BY TI-IE NATIONAL 
'°'-rrO"DBILE DEALER'S AsSOCIATION (NADA), THEY REFLECT RETAIL AND 
W-OLESALE USED CAR SALES ONLY, OOT SALES BElWEEN PRIVATE INDIVIDUALS, 
THERE IS NO SINGLE ACCOUNTING SYSTEM FOR USED CAR SALES, HowEvER, IT 
IS ESTit-'ATED TI-IAT FOR EVERY NEW CAR SOLD, 00 USED CARS CHANGE HANDS, 

Year 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Table 1.24 
Used Vehicle Sales, 1968 through 1977a 

(103) 

By franchised new car dealers 
By used 

Retail Retail and car dealers 
wholesale 

9,720 11,900 3,470 
9,710 11,800 2,920 
9,250 11,300 2,950 
9,960 12,200 3,440 

10,300 12,600 3,730 
9,940 12,300 3,890 
8,630 10,600 3,230 
9,140 11,300 3,360 

10,040 12,500 3,980 
9,980 12,610 4,290 

aWard's Automotive Yearbook 1978 (p. 143) reports franchised dealers 
used car sales, not including imports, as 9 million in 1976. 
Automotive News 1978 Market Data Book Issue (p. 101) reports 
franchised dealers used car sales, both wholesale and retail, as 
8 million in 1976. The NADA figures are presented here because they 
collect their data directly from their member dealer associations and 
then extrapolate for the market as a whole. 

Source: Franchised New Car and Truak Dealer FACTS, 1978 Edition, 
National Automobile Dealer's Association, Washington, D.C., 
p. 7. 
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Table 1. 25 
Selected Characteristics of Truck Stock: 

(percentage) 
1963, 1967, and 1972 

Item 

Body type 

Pickup, panel, multistop, or walk-in 
Platform and cattlerack 
Vans 
Beverage truck 
Utility truck 
Garbage and refuse collector 
Winch or crane 
Wrecker 
Pole or logging 
Auto transport 
Dump truck 
Tank truck (liquid and dry) 
Concrete mixer 
All other 

Size class 

Light 
Medium 
Light-heavy 
Heavy-heavy 
Miscellaneous sizes 

Annual-miles a 

Less than 5,000 miles 
5,000 to 9,999 miles 
10,000 to 19,999 miles 
20,000 to 29,999 miles 
30,000 miles and over 
Not reported 

1963 

65.6 
15.9 
6.8 

a 
a 
a 
b 
b 
b 
b 

3.7 
2,i3 
5.7 

69.5 
8.9 

10.4 
6.1 
5.1 

22.7l 
24.6' 
23.9 
6.4 
6.4 

16.0 

1967 

70.3 
14.2 
5.5 
0.5 
1.1 
0.2 
0.3 
0.4 
0.3 
0.1 
2.6 
2.0 
0.3 
2.2 

73.6 
13.6 
5.2 
7.6 

56.0d 

30.7 
6.9 
6'b4 

Note: Percents may not add to total due to rounding. 

aindicates no data was obtained. 

1972 

73.3 
12.7 
5.9 
0.5 
1.9 
0.4 
0.5 
0.6 
0.3 
0.2 
2.4 
1. 7 
0.4 
0.2 

74.0 
14.3 
4.2 
7.6 

{
23.4 
28.1 
33.5 
8.4 
7 'b o 

Item 

Truck fleet size 

1 truck 
2 to 5 trucks 
6 to 19 trucks 
20 trucks 
Not reported 

Vehicle typee 

Single-unit trucks 
2-axle 
3-axle 

Combinations 
3-axle 
4-axles or more 

Range of operationse 

Local 
Short-range 
Long-range 
Not reported 

Type of fuele 

Gasoline 
Diesel and LPG 
Not reported 

bindicates that there were not a significant number of trucks with this characteristic to display. 

aFor the 1967 and 1972 surveys, annual-miles were imputed if not reported. 

1963 

70.3 
12.9 
8.7 
Bbl 

a 
a 
a 
a 
a 
a 

72.6 
7.7 
1. 7 

18.0 

97.1 
2.1 
0.8 

1967 

53.3 
19.2 
8.7 
7.5 

11.3 

83.4 
72.1 
11. 3 
16.6 
3.3 

13.3 

79.0 
13.2 
4.9 
2.9 

86.2 
10.9 
2.9 

dFor the 1967 survey, data were presented for "Less than 6,000 miles" {36.2%) and "6,000 to 9,999 miles" {19.8%). 

eData for 1967 do not include pickups and panels. 

Source: U.S. Department of Conunerce, Bureau of the Census, 1972 Census of Transportation, "Truck Inventory and Use 
Survey - United States Summary," Series TC72-T52, Washington, D.C., 1973, p. 1. 

1972 

61.9 
22.0 
8.8 
7b6 

95.4 
92.7 

2.8 
4.7 
0.7 
4.1 

81.3 
8.7 
2.4 
7.6 

87.9 
4.4 
7.9 
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FoR-HIRE TRU:KS C0'1PRISE ONLY 4% OF THE TOTAL TROCK POPULATION IN THE 
ltJITED STATES, HowEvER, INTENSITY OF USE, AS IMPLIED BY ANNLW.:- MILES 
PER VEHICLE, IS GREATEST FOR FOR-HIRE TRIJ:KS, 

Table 1. 26 
Distribution of Trucks by Type of 

Vehicle and Use, 1975 

Privatea For-hire Total 

Trucks and combinations Percent Percent Percent b Number of total Number of total Number of total 

Single-unit trucks 
2-axle 22,432,496 94.9 378,845 39.4 22,811,341 
3-axle 596,524 2.5 43,276 4.6 639,800 

All single-unit trucks 23,029,020 97.4 422,121 44.0 23,451,141 

Combinations 
3-axle 102,078 0.4 70,181 7.3 172,259 
4-axle 198,609 0.8 145,899 15.2 344,508 
5 or more axles 318,301 1.4 321,499 33.5 639,800 

All combinations 618,988 2.6 537,579 56.0 1,156,567 

TOTAL 23,648,00Sa 100.0 959,700 100.0 24,607,708 

aOf the 23,648,008 private trucks, about 3,000,000 are farm trucks. 

bThis distribution is very similar to the distribution based on FHWA yearly 
figure. (See Table 1.13.) 

Source: American Truckin~ Trends 1978 Statistical Supplement, American Trucking 
Association, Washington, D.C., p. 20 (Based on vehicle distribution, Truck 
Inventory and Use Survey, 1972 Census of Transportation, U.S. Department of 
Commerce, Bureau of Census, with adjustments by The American Trucking 
Association, Inc. to include pick-up and panel trucks). 

92.7 
2.6 

95.3 

0.7 
1.4 
2.6 

4.7 

100.0 
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THE DISTRIBUTION OF TRUCKS AND TRUCK MILEAGE DIFFERS SIGNIFICANTLY ACROSS USAGE CATEGORIES, LIGHT 
TRUCKS PRE00"-11NATE IN PERSONAL TRANSPORTATION., AGRICULTURE., UTILITIES., AND SERVICE INDUSTRIES., WHILE 
HEAVY-HEAVY TRU:KS ARE TI-E f/OST COfltlON IN THE FOR-HIRE CATEGORY, THE MAJORITY OF THESE HEAVY-HEAVY 
TRUCKS ARE USED IN INTERCITY OPERATIONS AS EVIDENCED BY TI-EIR SHARE OF TRUCK-MILES, 

Table 1.27 
Percentage Breakdown of Major Uses by Truck Size Classa, 1972 

Agriculture Forestry and 
lumbering Mining Construction Manufacturing Wholesale 

and retai 1 For-hire Personal 
transportation Utilities Services Total 

Number of trucks 

Light truck 68.8 39.7 37.l 59.4 42.6 46.9 11. 0 95.9 71.4 74.6 
Medium truck 21.3 20. 7 21. 0 17.0 20.6 28.5 21.8 3.9 16.9 19.8 
Light-heavy truck 6.5 12.2 6. 7 6.9 8. 1 10.2 7.7 0.3 6.2 3.3 
Heavy-heavy truck 3.6 28.6 35.5 16.9 28.8 14.6 59.6 0.2 5.6 2.5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 

Truck-miles 

Light truck 73.4 32.4 29.6 60.0 26.8 39.3 4.3 95.4 73.0 74. 3 
Medium truck 14.5 12.0 17.7 13.0 12.3 23.6 8.8 4.3 14. 8 19.7 
Light-heavy truck 4.1 7.5 4.0 4.7 6.1 9.2 3.6 0.2 5.3 3.0 
Heavy-heavy truck 8.2 48.3 48.9 22.5 55.0 28.1 83.5 0.3 7 .1 3.2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

aLight - gross vehicle weight of 10,000 lb or less. 
Medium - gross vehicle weight of 10,001 to 20,000 lb. 
Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

Source: U.S. Bureau of the Census, Census of Transportation, 1972 Truck Inventory and Use Survey: U.S. Swrmary, TC72-T52, U.S. Government 
Printing Office, Washington, D.C., 1973, p. 6 and 16. 

74.0 
14.3 
4.2 
7.6 

100.0 

63.2 
12.0 
3.6 
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Al.rosT 75% OF THE LIGHT TROCKS WERE USED PREOOJIINANTLY FOR EITHER PERSONAL TRANSPORTATION (53.4%) OR 
AGRICULTURE (20.1%) IN 1972. Al.rosT ONE-THIRD OF THE HEAVY-HEAVY TRUCKS WERE LISTED AS "FOR-HIRE.," 
AND THESE ACCOUNTED FOR Al.YOST ONE~LF OF ALL HEAVY-HEAVY TROCK MILES, THE INTENSITY OF USE OF HEAVY­
HEAVY TRUCKS IS ILLUSTRATED BY THE FACT THAT THEIR PROPORTION OF TOTAL MILEAGE IS TI-REE TIMES THEIR 
SHARE OF NLMBERS OF TROCKS, 

Table 1.28 
a 

Percentage Breakdown of Truck Size Classes by Major Use, 1972 

Number of trucks Truck-miles 

Agriculture 

Forestry and lumbering 

Mining 

Construction 

Manufacturing 

Wholesale and retail 

For hire 

Personal transportation 

Utilities 

Services 

All other 

Total 

% of grand total 

Light 

20.1 

0.5 

0.2 

6.9 

1. 3 

6.1 

0.6 

53.4 

2.5 

7.7 

Medium 

32.1 

1. 4 

0.6 

10. 2 

3.3 

18.9 

6.0 

11.0 

3.1 

10.5 

1. 2 3.5 

100.0 100.0 

74.0 14.3 

Light­
heavy 

33.2 

2.8 

0.7 

14.0 

4.4 

23.0 

7.2 

2 .1 

3.8 

6.0 

3.4 

100.0 

4.2 

aLight - gross vehicle weight of 10,000 lb or less. 

Heavy­
heavy 

10.3 

3.6 

1. 9 

19.1 

8.5 

18.3 

30.6 

1.0 

1.9 

2.5 

2.8 

100.0 

7.6 

Medium - gross vehicle weight of 10,001 to 20,000 lb. 
Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

Total 

21.6 

1.0 

0.4 

8.6 

2.3 

9.5 

3.9 

41.2 

2.6 

7.6 

Light 

17.7 

0.8 

0.3 

9.1 

1.8 

8.2 

0.9 

49.1 

2.7 

8.8 

Medium 

18.4 

1.4 

0.9 

10.3 

4.3 

25.8 

8.9 

11.5 

2.9 

12.2 

1.7 1.3 4.0 

100.0 100.0 100.0 

100.0 63.2 12.0 

Light­
heavy 

17.2 

2.9 

0.7 

12.5 

7.0 

33.5 

12.0 

1.5 

3.4 

6.2 

3.7 

100.0 

3.6 

Heavy­
heavy 

5.9 

3.2 

1.4 

10.1 

10.7 

17.3 

47.6 

0.4 

0.8 

1. 2 

2.1 

100.0 

21.3 

Total 

15.2 

1.4 

0.6 

9.6 

4.2 

13.2 

12.2 

32.6 

2.4 

7.5 

1. 9 

100.0 

100.0 

Source: U.S. Bureau of the Census, Census of Tmnsportation, 1972, Truck Inventory a:nd Use Survey: U.S. 
Sunrnary, TC72-T52, U.S. Government Printing Office, Washington, D.C., 1973, p. 7-8 and 17-8. 
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THIS TABLE AND GRAPH SERVE TO REITERATE THE RELATIONSHIP BETWEEN TRU:K 

SIZE AND INTENSITY OF USE AND INCREASING RELIANCE ON DIESEL TRU:KS, 

~ G.AllOUIIE □ Dll!!!EL ~ LPG 

NUMBER OF TRUCKS: 

i 

LLLn 
UGBT TRUCK YEl>l\111 TRUCK UGBT-HLWT Bl!:.AVT-HLWT 

TRUCK TRUCK 

TRUCK-MILES: 

.:: C! C 

L ... L·~. j~- l1. -b~ 
UGHT TRUCK IIEDIUII TRUCK UGHT-Hl!.AVY HEAVY-HEAVY 

TRUCK TRUCK 

Fig. 1.17. Percentage Breakdown of Truck Size 
Classes by Fuel Type, 1972. 

Table 1.29 Percentage Breakdown of Truck Size Classesa by Fuel Type, 1972 
(sample size= 114,000) 

Number of trucks Truck-miles 

Li!(ht Medium Light- Heavy- Total Light Medium Light- Heavy- Total heavy heavy heavy heavy 

Gasoline 99.6 97.5 95.2 50.5 95.3 99.4 95.0 92.0 24.3 82.1 

Diesel 1. 7 2.9 48.6 4.2 4.0 5.5 75.2 17.1 

LPG 0.3 0.8 1.8 0.9 0.5 0.6 1.0 2.5 0.5 0.7 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

% of grand total 74.0 14.3 4.2 7.6 100.0 63.2 12.0 3.6 21. 3 100.0 

aLight - gross vehicle weight of 10,000 lb or less. 
Medium - gross vehicle weight of 10,001 to 20,000 lb. 
Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

Source: U.S. Bureau of the Census, Census of Transportation, 1972, Truck Inventory and Use SUl"Vey. 
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Table I. 30 
Breakdown of Truck Size Classesa by 
Range of Operationb, 1972 

(sample size~ 114,000) 

Number of trucks 

Light Medium Light-heavy Heavy-heavy Total 

Local 91.4 88.4 87.9 56.4 88.0 

Short-range 7.5 9.0 10.9 26.8 9.4 

Long-range 1.1 2.5 1. 2 16.7 2.6 

Total 100.0 100.0 100.0 100.0 100.0 

% of grand total 74.0 14.3 4.2 7.6 

aLight - gross vehicle weight of 10,000 lb or less. 
Medium - gross vehicle weight of 10,001 to 20,000 lb. 
Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

bLocal - mostly in the local area. 

100.0 

Short-range - mostly over-the-road, but usually not more than 200 
miles one way to the most distant stop from the place vehicle is 
stationed. 

Long-range - mostly over-the-road trips that usually are more than 200 
miles one way to the most distant stop from the place vehicle is 
stationed. 

Source: U.S. Bureau of the Census, Census of Transportation, 1972, 
Truck Inventory and Use Survey. 
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A CURIOSITY IN n-ns TABLE IS THE U\RGE PERCENTAGE OF LONG-RANGE TRUCKS LISTED FOR PERSOW. TRANSPORTA­

TION (29.3%). Tl-ESE TROCKS ACCOLtIT FOR ONLY 6.5% OF LONG-RANGE TROCK-MIL.ES. HERE, FOR-HIRE TROCKS 

OOMINATE AGAIN WITH OVER 60% OF TROCK-MIL.ES. 

Table 1. 31 
Percentage Breakdown of Ranges of Operationa by Major Uses, 1972 

Number of trucks Truck-miles 

Local Short-range Long-range Total Local Short-range Long-range Total 

Agriculture 23.3 9.1 5.2 21.6 18.5 7.1 4.7 15.2 

Forestry and lumbering 0.9 2.4 0.7 1.0 1.1 3.2 1.0 1.4 

Mining 0.4 0.7 0.1 0.4 0 . 7 1.0 0.1 0.6 

Construction 8.8 11. 6 2.8 8.6 10.9 10.1 2.0 9.6 

Manufacturing 1. 9 4.9 7.6 2.3 2. 5 6.7 12.2 4.2 

Wholesale and retail 9.2 15.7 7. 9 9.5 12. 1 20.1 10. 1 13.2 

For-hire 2.5 9.6 41. 8 3.9 3.7 19.7 60.2 12.2 

Personal transportation 41. 2 33.3 29.3 41. 2 37.7 21.4 6.5 32.6 

Utilities 2.8 2.9 0.8 2.6 2.8 2.3 0.4 2.4 

Services 8.0 6.9 0.9 7.6 9. 1 6.2 0.5 7.5 

All other 1.5 3.3 3.4 1. 7 1.5 2.8 2 . 7 1. 9 

Total 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 

% of grand total 88.0 9.4 2.6 100.0 71. 3 18.0 10.7 100.0 

aLocal - mostly in the local area. 
Short-range - mostly over-the-road, but usually not more than 200 miles one way to the most distant stop 

from the place vehicle is stationed. 
Long-range - mostly over-the-road trips that usually are more than 200 miles one way to the most distant stop 

from the place vehicle is stationed. 

Source: U.S. Bureau of the Census, Census of Trunsportation, 1972, Truck Inventory and Use Survey: U.S. 
Swrrnary, TC72-T52, U.S. Government Printing Office, Washington, D.C., 1973, p . 9 and 19. 
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THERE IS A STRIKING SPECIALIZATION OF TRUCK FLEL TYPE BY RANGE OF 
OPERATION, GASOLINE-POWERED TRUCKS ACCOOO FOR OVER$% OF LOCAL TRUCK­
MI LES AND OVER 97% OF ALL TROCKS IN LOCAL OPERATIONS, WHILE MORE THAN 
ONE-HALF OF ALL TRUCKS IN LONG-RANGE OPERATIONS ARE GASOLINE POWERED., 
THEY ARE USED M.JCH LESS INTENSIVELY TI-Lt\N THE DIESELS AND ACCOOO FOR 
LESS THAN 18% OF LONG-RANGE TRUCK-MILES, 

Table 

Gasoline 

~ GAIIDUJfl D DIIDL a: I.PC 

Jn:rMBIR OF TRUCKS, 

n 

l~ ; ; 

~ 
LOCAL SIIOIIT--1..UGI LOIIG-llilC.I 

TRUCK-MILES, 

t~JJ 
LOCAL SBDRT-RAlfGI L011C-JUJ1C1 

Fig. 1.18. Percentage Breakdown of Ranges of Operation 
by Fuel Type, 1972. 

1. 32 Percentage Breakdown of Ranges of Op . a eration by Fuel Type, 1972 

Number of trucks Truck-miles 

Local Short-range Long-range Total Local Short-range Long-range Total 

97.5 84.5 51. 7 95.2 95.3 67.1 17.6 82.1 

Diesel and LPG 2.5 15.5 48.3 4.8 4.7 32.9 82.4 17.9 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

% of grand total 88.0 9.4 2.6 100.0 71.3 18.0 10.7 100.0 

aLocal - mostly in the local area. 
Short-range - mostly over-the-road, but usually not more than 200 miles one way to the most distant 

stop from the place vehicle is stationed. . . 
Long-range - mostly over-the-road trips that usually are more than 200 miles one way to the most distant 

stop from the place vehicle is stationed. 

Source: U.S. Bureau of the Census, Census of Transportation, 1972, Truck Inventory and USP- Survey: 
u.s. Swrrnary, TC72-T52, U.S. Government Printing Office, Washington, D.C., 1973, p. 9 and 19. 
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~ INTERESTING PATTERN OF USAGE Et'ERGES FOR HEAVY-HEAVY TRUCKS, l.ocAL 
TROCKING IS DQ\1INATED BY THE NLMBER OF GASOLINE-POWERED TROCKS, Blff THE 

LOCAL TRUCK-MILES ARE AOOST EQUALLY DIVIDED BETWEEN GASOLINE-POWERED 

AND DIESEL TRUCKS, DIESEL TRUCKS ASSUt-E DOMINANCE AS THE RANGE OF 

OPERATIONS INCREASES; THEY CQ\PRISE AOOST gJ% OF THE LONG-RANGE HEAVY­

HEAVY TROCKS AND 95% OF LONG-RANGE TRUCK-MILES, 

~ GAOOIJN! [7 nu., ... " LPG 

!IUMBER OF TRUCKS, 

i 

~J ~ 11 
LOCAL SIIORT-R.A.1'GE LOIIG-lU.NGE 

TRUCK-IULIS: 

JJli 
LOCAL SIIOIIT-IW<GI LOIIG..JIAJIGB 

Fig. 1.19 Percentage Breakdown of Ranges of Operation by 
Fuel Type for Heavy-Heavy Trucks, 1972. 

Table 1.33 Percentage Breakdown of Ranges of Operationa by Fuel Type 
for Heavy-Heavy Trucks, 1972 

(sample size= 114,000) 

Number of trucks Truck-miles 

Local Short-range Long-range Total Local Short-range Long-range Total 

Gasoline 68.5 38.6 10.2 so. 7 55.2 24. 2 5.1 24.3 

Diesel 30. 2 60.9 89.8 48.4 43.4 75.4 94.8 75.2 

LPG 1.3 0.5 0.1 0.9 1.4 0.4 0.5 

Total 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 

% of grand total 56.5 26.7 16.8 100.0 25.8 33.1 41. 2 100.0 

aLocal - mostly in the local area. 
Short-range - mostly over-the-road, but usually not more than 200 miles one way to the most distant 

stop from the place vehicle is stationed. 
Long-range - mostly over-the-road trips that usually are more than 200 miles one way to the most distant 

stop from the place vehicle is stationed. 

Source: U.S. Bureau of the Census, Census of Tr>ansportation, 1972, Truak Inventory and Use Survey; 
tape processed by ORNL. 
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FLEET CAR RETAIL SALES AS A PERCENT OF TOTAL CAR RETAIL SALES WERE 8,9% 
IN 1966 AND STOOD AT 13,4% IN 1977, FLEET CAR SALES THEMSELVES HAVE 
INCREASED AT AN ANNUAL RATE OF 3,6% DESPITE A SU.MP IN TOTAL CAR SALES, 
WHICH REGISTERED A MINIMAL INCREASE OF 0,1% PER YEAR BETWEEN 1966 AND 
1977, HOWEVER, THERE HAVE BEEN CONSIDERABLE YEAR-TO-YEAR FLUCTUATIONS 
IN FLEET CAR SALES, TOTAL NEW CAR SALES PEAKED IN 1973 WITH A RECORD 
HIGH OF 11.4 MILLION CARS SOLD, AT THIS POINT, NEW CAR SALES WERE ON 
THE INCREASE AT 3,0% PER YEAR, HOtJEVER, THE OIL EMBARGO HALTED THIS 
GROWTH, ALTHOUGH FLEET SALES DECREASED TOO, THEIR RELATIVE SHARE OF 
THE TOTAL MARKET INCREASED, 

m--------------------. 
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Fig. 1.20 Fleet Car Retail Sales as a Percent of Total Car Retail 
Sales, 1965 through 1977. 

Source: D. B. Shonka, Cha.raateristics of Automotive FZeets in the U.S.: 
1966-19??, ORNL/TM-6449, Oak Ridge National Laboratory, Oak 
Ridge, TN., 1978. 

Digitized by Google 



1-66 

\it\-EN FLEETS ARE DEFINED AS CARS OPERATING IN ffiOlPS OF FOUR 00 t-mE 
RATHER THAN TEN OR t-mE., FLEETS AS A PERCENT OF TOTAL CARS IN OPERATION 
DOUBLES, HOIEYER., TI-IE PERCENTAGE IN FLEETS OF Fern 00 tmE HAS BEEN 
DECREASING OVER Tlt'E, THIS WOULD Ir-PLY THAT THE Sl"ALLER FLEET OPERATIONS 
(I.E,., Fern TO NINE VEHICLES) ARE DECREASING RELATIVE TO TI-IE LARGER 
FLEET OPERATIONS (I.E,., TEN 00 t-mEL (AAs CPERATING IN FLEETS OF TEN 
00 t-'ORE AS A PERCENT OF TOTAL CARS IN OPERATION HAYES~ A ffiADUc\L 
INCREASE SINCE l~., FRQ\1 5,8% TO 6.5% IN 1977, THIS PERCENTAGE HAS 
NOT INCREASED AS RAPIDLY AS FLEETS AS A PERCENT OF NEW CAR RETAIL SALES, 
THE BASE POPULATION., TOTAL CARS IN OPERATION., HAS INCREASED AT THE RATE 
OF 3,9% ANNUc\LLY SINCE ].gj6., WHEREAS NEW CAR SALES HAYE OOLY INCREASED 
0.1%. 
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Fig. 1.21 Fleet Cars in Operation as a Percent of Total Cars in 
Operation, 1965 through 1977. 

Source: D. B. Shonka, Cha.I'aateristias of Automotive Fleets in the U.S.: 
1966-1977, ORNL/TM-6449, Oak Ridge National Laboratory, Oak 
Ridge, TN., 1978. 
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Table 1. 34 
New Fleet Car Retail Sales, 1966-1977 

(10 3) 

Totala b Fleets 10+ as Fleets 10+ % of total 

9,028 800 8.9 
8,337 825 9.9 
9,656 985 10.2 
9,583 1,093 11.4 
8,405 1,009 12.0 

10,250 1,098 10.7 
10,950 1,105 10.1 
11,439 1,291 11.3 
8,867 1,083 12.2 
8,640 955 11.0 

10,111 1,154 11.4 
9,124 1,219 13.4 

annual 
growth 0.1 3.6 

l\totor Vehicle Manufacturers Association, Motor Vehiale Faats & Figures, 
'??, Detroit, p. 21 (includes imports and domestic). 

bAutomotive Fleet, Bobit Publishing Co., Redondo Beach, Calif., April 
issue annually. 

Source: D. B. Shonka, Charaateristias of Automotive Fleets in the U.S.: 
1966-19??, ORNL/TM-6449, Oak Ridge National Laboratory, Oak 
Ridge, TN., 1978. 

Table 1.35 
Fleet Cars in Operation, 1966-1977 

(103) 

Fleets 4+ including 
Fleets Fleets 10+ as Fleets Fleets 4+ as Federal government 

Totala lO+b % of total 4+b % of total as% of totala 

1966 71,264 4,106 5.8 8,710 12.2 12.3 
1967 72,968 4,254 5.8 8,940 12.3 12.3 
1968 75,358 4,548 6.0 9,166 12.2 12.3 
1969 78,495 4,889 6.2 9,780 12.5 12.5 
1970 80,449 5,041 6.3 9,992 12.4 12.5 
1971 83,138 5,150 6.2 10,070 12.1 12.2 
1972 86,439 5,373 6.2 10,094 11.7 11.8 
1973 89,805 5,744 6.4 10,214 11.4 11.5 
1974 92,608 5,836 6.3 10,324 11.1 11.2 
1975 95,241 5,956 6.3 10,398 10.9 11.0 
1976 97,818 6,287 6.4 10,403 10.6 10.7 
1977 99,904 6,517 6.5 10,414 10.4 NA 
Average annual 
ratio of growth 2.9 3.9 1.5 

aCars in operation as estimated by R. L. Polk & Co. taken from Motor Vehicle Manufacturers Association, 
Motor VehiaLe Facts & Figures '77, Detroit, p. 34. 

bAutomotive FLeet, Bobit Publishing Co., Redondo Beach, Calif., April issue annually. 

0 General Services Administration, FederaL Motor VehiaLe FLeet Report, for each fiscal year. 

Source: D. B. Shonka, Characteristias of Automotive FLeets in the U.S.: 1966-1977, ORNL/TM-6449, 
Oak Ridge National Laboratory, Oak Ridge, TN., 1978. 
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&.ISINESS FLEETS DOMINATE THE FLEET STOCK (SEE FIG, 1.22), IN l~., 46% 
OF FLEETS IN THE UNITED STATES WERE OWNED BY BUSINESS CORPORATIONS, IF 
ONE CONSIDERS THAT A LARGE PORTION OF THE CARS INDIVIOOALLY LEASED ARE 
USED FOR BUSINESS PURPOSES., THIS FIGURE APPROACHES OO-THIRDS OF THE 
TOTAL FLEET, THE FASTEST GROWING CATEGORIES OF FLEET USE ARE INDIVIDUALLY 
LEASED AUTCM:>BIL.ES AND DAILY RENTALS, INDIVIDUALLY LEASED AUTCM:>BILES 
GREW AT AN AVERAGE ANNUAL RATE OF 12,1% BETWEEN 1~ AND 1977; DAILY 
RENTALS GREW 7.2% PER YEAR, IT APPEARS THAT CCJv1PANIES WITH LARGER FLEETS 
(25 OR fmE CARS) ARE MORE LIKELY TO LEASE RATHER THAN BUY THEIR 
AUTCM:>BILES., MAINLY BECAUSE OF THE CAPITAL INVESlMENT INVOLVED IN LARGE 
FLEET INVENTORIES, 
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Fig. 1. 22 

u. s. = ID) 

U.S. Cars in Fleets of Ten or More by Type of Use, 1977.. 
(%) 

Source: D. B. Shonka, Chariaate~istias of Automotive Fleets in the U.S.: 
1~66-196?, ORNL/TM-6449, Oak Ridge National Laboratory, Oak 
Ridge, TN., 1978. 
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Use 1966 

Business fleets 2,159 

OWned 1,258 
Leased 901 
10-24 cars 569 
25 or more cars 1,509 

Individually leased 395 

Government 728 

Utilities 374 

Police 165 

Taxi 142 

Daily rental 180 

Driver school 31 

Total 10+ 4,106 

Total 4+ 8,710 

Table 1. 36 

1967 1968 

2,238 2,381 

1,274 1,299 
964 1,082 
615 664 

1,623 1,717 

487 573 

659 662 

386 394 

174 185 

146 153 

204 241 

31 29 

U.S. Cars in Fleets by Type of Use, 1966 through 1977 
(in thousands) 

Percent 
distribution 

1969 1970 1971 1972 1973 1974 1975 1976 1977 1977 

2,510 2,504 2,546 2,635 2,863 2,902 2,909 3,040 3,067 46.4 

1,322 1,200 1,210 1,152 1,119 1,088 1,069 1,051 1,036 15.7 
1,188 1,304 1,336 1,483 1,744 1,814 1,840 1,989 2,031 30.7 

726 652 668 665 674 674 675 707 716 10.8 
1,784 1,852 1,878 1,970 2,189 2,228 2,234 2,333 2,351 35.6 

697 803 834 925 994 1,008 1,072 1,217 1,385 21.0 

665 674 695 670 686 701 715 727 735 11.1 

404 416 421 438 467 482 497 508 518 7.8 

191 207 218 236 249 261 278 286 292 4.4 

169 171 174 177 182 185 193 202 202 3.0 

297 314 319 341 364 361 354 373 385 5.8 

27 25 27 29 27 26 25 26 26 0.4 

4,254 4,548 4,889 5,041 ~ 5,373 5,744 ~ 5,956 6,287 6,609 100.0 

8,940 9,166 9,780 9,992 10,070 10,094 10,214 10,324 10,398 10,403 10,414 

Average annual 
rate of growth 

3.2 

-1.8 
7.7 
2.1 
4.1 

12.1 

-0.3 

3.0 

5.3 

3.3 

7.2 

-1.6 

4.3 

1.6 

Sources: E. J. Bobit (ed.), Automotive FZeet, Vol. 16, No. 6, Bobit Publishing Company, Redondo Beach, Calif., April 1977, p. 22. General 
Services Administration, FederaZ Motor VehiaZe FZeet Report, in each fiscal year. 
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P.ROOKHAVEN NATIONAL lABoRATORY (BNL) CONDUCTED A STUDY OF FLEET OPERATORS IN THE SIJvfv1ER OF 1977, THE 
DATA COLLECTED IN THAT STlIDY ALLON A SECTOR-BY-SECTOR ANALYSIS OF FLEETS, 

Table 1.37 Fleet Characteristics by Sector, 1977 

Fleet composition Percent of all cars 
Annual- that sit idle for Average age at 

Average size Percent Percent miles 8 hours or more at replacement 

of fleet large light a central locationa (years) 
cars trucks 

Police b 506 88 4 28,000 20 2.1 
Government 425 40 26 14,000 49 4.1 
Utilities 137 12 61 11,000 51 6.0 
Taxi 31 72 11 51,000 25 2.8 
Auto rentals 689 44 9 22,000 18 1.6 
Business 25+ 205 49 26 25,000 20 2.2 
Business 4-24 67 23 25,000 13 2.3 
All sectors 238 43 30 18,000 29 3.2 

aData shown represent only those respondents who supplied vehicle garaging information. 

bState and local nonpolice. 

Source: Joseph R. Wagner and Randall S. Davis, Fleet Operator Study, Interim Briefing paper 
prepared by Brookhaven National Laboratory and DOE's Contractor's Coordinating 
Meeting, Sept. 14, 1978. 
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A MO.JOR SHIFT IN THE FEDERAL MJTOR FLEET MIX HAS TAKEN PLACE IN THE LAST 
THREE YEARS, THE SHIFT HAS BEEN AWAY FROM STANDARD AND MIDSIZE AUTOMJBILES 
AND TOWARDS COMPACT AND SUBCOMPACT CARS, BETWEEN 1975 AND 1977) THE NLMBER 
OF STANDARD SIZE AUTOMOBILES WAS REDUCED NEARLY ONE-HALF) WHILE THE 
NLMBER OF SUBCOWACTS NEARLY TRIPLED, 

■ SUBCOMPACT 

liill COMPACT 
50 .000 § INTERMEDIATE 
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0 

20 .000 a: 
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~ 
::i 
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1975 1976 1977 

F. 1 23 World-Wide Federal Government Automobile Fleet Mix, 1g. . 
1976 through 1977. 

Source: Department of Energy, Federal Ener gy Management Program, Energy 
Management in the Federal Government, August 1978, p. 9. 
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Table 1.38 
Fleet Inventory Summary and Selected Characteristis of 

Federal Government Motor Vehicles, 1976 

Trucks 

Sedans Station Ambulances Buses wagons Less than 12,500 lb 
12,500 lb and over 

Total civilian 64,402 7,175 423 2,675 73,700 9,795 
Selected agencies. 
Department of Agriculture 3,634 614 151 23,145 1,255 
Department of Interior 1,174 503 8 238 7,201 2,648 
Department of Justice 7,758 208 3 92 1,694 206 
Department of Energy 1,724 185 55 302 6,442 1,005 
General Services Administration 42,648 4,477 279 1,473 27,076 2,547 

United States Postal Service 1,359 a a a 115,153 4,908 
Domestic 62,947 6,474 422 2,626 80,883 
Foreign 1,455 701 1 49 2,612 

Total military 
Agencies 22,352 4,548 2,886 7,988 80,895 26,967 
Department of Defense - Army 13,565 1,362 1,219 3,901 28,598 10,814 

Domestic 17,604 3,703 2,224 5,051 87,449 
Foreign 4,748 845 662 2,937 20,413 

Total civilian and military plus Post Office 88,113 11,723 3,309 10,663 269,748 41,670 
Domestic 81,910 10,177 2,646 7,677 288,393 
Foreign 6,203 1,546 663 2,986 23,025 

~hese types not separated in USPS data system. 

Trucks 
as a 

percent of 
total 

52.8 

84.7 
83.7 
19.1 
76.7 
37.7 
98.9 
52.7 
54.2 

74.1 
23.0 
75.+ 
69.0 
73.2 
73.8 
66.9 

Source: General Services Administration, Federal Motor Vehiale Fleet Report, Washington, D.C., June 1977, Tables 1 and 6. 

Total 

158,170 

28,799 
11,772 
9,961 
9,713 

78,500 
121,420 
153,352 

4,818 

145,636 
59,459 

116,031 
29,605 

425,226 
390,803 

34,423 

Percent 
distribution 

100 

18 
7 
6 
6 
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l'bE THAN lWO MILLION VEHICLES ARE O~ED BY FEDERAL, STATE, COUNTY, AND 
MUNICIPAL GOVERNMENTS, 0vER ONE-HALF OF THESE VEHICLES ARE TRUCKS, lN 
1976, THERE WERE AN ADDITIONAL 145,636 VEHICLES AVAILABLE FOR MILITARY 
USE, 
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Fig. 1.24 Publicly Owned Registered Vehicles, 1950 through 1977. 

Table 1.39 Publicly Owned Registered Vehicles, 1950 through 1977a 

Year Passenger cars Motorcycles Buses Trucks Total 
(December 31st) and taxi motor vehicles 

1950 148,445 9,920 80,446 365,816 55,667,387 
1960 251,442 13,887 134,557 584,971 984,857 
1970 469,323 21,289 189,085 958,441 1,638,989 
1975 641,214 26,256 232,808 1,168,007 2,068,285 
1976 675,472 25,584 240,969 1,195,485 2,137,510 
1977 728,302 27,434 250,423 1,249,599 2,255,758 

% distribution 
1977 32 1 11 55 100 

aPublicly owned vehicles include federal, state, county, and municipal vehicles. 
Vehicles owned by the military services are not included. 

Source: U.S. Department of Transportation, Federal Highway Administration, Highway 
Statistics, Washington, D.C., Table MV-1, annual. 

Digitized by Google 



1-74 

~LY RECENTLY HAVE Sfv1ALL CARS PENElRATED THE FLEET CAR MARKET, lJNTIL 
1974, 00-THIRDS OF THE FLEET VEHICLE STOCK WERE STANDARD SIZE OR LARGER, 
SINCE 1974 STANDARD-SIZED FLEET CARS HAVE BEEN REPLACED WITH INTERMEDIATE­
SIZED CARS, AND ALL FLEET INDUSTRY SOURCES INDICATE TI-IAT THIS IXMNSIZING 
TREND FOR FLEET CARS WILL CONTINUE, 

Table 1.40 New Fleet Car Size Compositiona, 1966 through 1977 
(percent) 

1966 
U.S. total 
AALA fleet 

1970 
U.S. total 
AALA fleet 

1973 b 
U.S. total 
AALA fleet a 

1974 
U.S. total 
AALA fleet 

1975 
U.S. total 
AALA fleet 

1976 
U.S. total 
AALA fleet 

1977 
U.S. total 
AALA fleet 

Standard 

53 
95 

42 
97 

34 
70 

27 
62 

23 
53 

24 
46 

27 
45 

Intermediate 

31 

28 

23 
24 

24 
33 

24 
40 

28 
48 

29 
47 

Compact 

16 
5 

30 
3 

43 
6 

48 
5 

53 
7 

48 
6 

45 
8 

aCar size classifications may not be consistent between the two sources 
or with the classifications used in the TEC Data Book. 

bWard's Communications, Inc., Wax-d's Automotive Yeaxabook, Detroit, 
table "U.S. New Car Registrations by Market Share," annual editions. 

ainformation supplied by American Automotive Leasing Association (AALA), 
which collects data annually in their AALA Fleet Cost Survey. Summary 
data appear in each April issue of Bobit's Automotive FZeet. This car 
size breakdown applies to the total fleet. 

Source: D. B. Shonka, Cha.T'aateristias of Automotive FZeets in t'fze U.S.: 
1966-1977, ORNL/TM-6449, Oak Ridge National Laboratory, Oak 
Ridge, TN, 1978. 
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SINCE 1975 AIR CCJIDITIOOERS IN FLEET CARS HAVE BEEN t'ORE OR LESS STANDARD 

EQUIPl"ENT, IN 1977, 95% OF NEW CAR FLEET SALES AND 77% OF TOTAL NEW 

CAR SALES HAD AIR CONDITIOOERS, THE WIDESPREAD USE OF AIR COODITIOOING 

HAS It-'PLICATIOOS FOR THE NECESSARY SPECIFICATIOOS THAT NEW VEHICLE 

TECHNOLOGIES MUST r-EET IN DRIER TO BE VIABLE FOR FLEET OPERATIO'JS, 

Table 1.41 Percentage of New Fleet Cars with Air Conditioning, 
Model Years 1967-1978 

Model year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Total car salesa 

38 
45 
54 
59 
63 
70 
74 
68 
72 
75 
77() 
83() 

AA.LA fl eetb 

46 
56 
67 
78 
79 
83 
83 
86 
94 
95 
95 

~arketing Services, Inc., Automotive News Almanac, Detroit, annual 
issues, 1966-1976. 

binformation supplied by American Automotive Leasing Association 
(AA.LA), which collects data annually in their AA.LA Fleet Cost Survey. 
Summary data appear in each April issue of Bobit's Automotive Fleet. 

() 
As of Dec. 31, 1977. 

Source: D. B. Shonka, Charaateristias of Automotive Fleets in the 
U.S.: 1966-19??, ORNL/TM-6449, Oak Ridge National Laboratory, 
Oak Ridge, TN, 1978. 
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THE RECREATIONAL VEHICLE INDUSTRY AssocIATIOO (RIVA) CITES SEVERAL 

FACTORS INFLlENCING THE INCREASE IN USE OF RECREATIONAL VEHICLES (RVs): 

, Er-ERGENCE OF CAWING AS FAVORITE FOR FAMILY OUTINGS, 

, INCREASING COSTS OF RESTAlRANT MEALS AND ACCOf,,flODATI OOS FOR FAMILIES, 

, INCREASE IN TRAVEL BY RETIREES, 

300000 

200000 

Z000QO ..-....... -....-........ ---.-.............. -....-....... -....-........ ---.~ 
1188 lll"'I 1111 1169 lfl'O ll"11 11172 1173 lft lffl lS7t lrn 1171 

YEAR 

Fig. 1.25 
Recreational Vehicle Unit Shipment Trends, 1967 through 1977. 

Table 1.42 
Recreation Vehicle Unit Shipment Trends by Category, 1967 through 

1967 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Average 
1977 
retail 
price, 

Travel 
trailers 

94,500 
138,000 
190,800 
250,800 
212,300 
126,300 
150,600 
189,700 
167,900 

$7,032 

Truck 
campers 

61,600 
95,900 

107,200 
105,100 

89,800 
45,400 
44,300 
42,000 
31,900 

$3,089 

Fold-down a 
camping trailers Motor homes Total 

79,280 9,050 244,430 
116,100 30,300 380,300 
95,800 57,200 451,000 

110,200 116,800 582,900 
97,700 129,000 528,800 
55,200 68,900 295,800 
48,100 96,600 339,500 
53,300 256,100 541,100 
53,900 280,200 533,900 

$2,285 $15,448 

almports of Volkswagen Campmobile Motor Homes included in 1972-1974 
only. 

Source: Faata and Tr-ends 1977, Recreation Vehicle Industry 
Association, Chantilly, Va., 1977-1978, pp. 8, 10, 11, 
and 19. 

1977 
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THE fvi>TCRCYCLE INDUSTRY CouNCIL, INC, ESTIMATES THAT THERE WERE 7,9 
MILLION fvt>TORCYCLES IN USE IN 1977, OF THESE, 4,9 MILLION, OR 62%, 
WERE REGISTERED WITH FHWA FOR USE ON PUBLIC ROADS (IN CCNPLIANCE WITH 
FEDERAL fvbTOR VEHICLE SAFETY STANDARDS) I IT IS ESTIMATED THAT 
fvt>TORCYCLES IN USE TRAVELED 12,7 BILLION MILES IN 1977 AND REPRESENTED 
0,9% OF ALL fvt>TOR VEHICLE TRAVEL IN 1977, 

Table 1.43 Motorcycles Used On and Off Roads in 1977 

Model type 

U.S. total On-road Off-road Combination 

Total motorcycles in use 7,925,600 3,518,400 1,754,000 2,653,200 
Motorcycles registered for use 4,916,000 3,377,700 0 1,538,300 

on public roads 
Motorcycles used off road at 

some timea 
5,111,100 1,020,300 1,754,000 2,336,800 

Total vehicle-miles traveled, 109 12.7 8.1 2.0 

aincludes some motorcycles registered with FHWA for on-road use which were also 
used off public roads some of the time. 

Source: 1978 MotoPcycZe StatisticaZ AnnuaZ, Motorcycle Industry Council, Inc., 
Newport Beach, Calif., pp. 30 & 32. 

fvhTORCYCLE REGISTRATIONS HAVE INCREASED DRAMATICALLY IN lliE LAST 20 
YEARS, THIS GROWTH OOES NOT INCLUDE THE GR™TH IN OFF-ROAD AND fvt>PED 
VEHICLES, 

Table 1.44 Motorcycle Registrations, 1950-1977 

1950 454,000 

1960 575,000 

1970 2,815,000 

1975 4,967,000 

1976 5,110,000 a 

1977 4,916,000 a 

/'lEstirnated. 

Source: 1978 Motorayale Statistiaal Annual, 
Motorcycle Industry Council, Inc., 
Newport Beach, Calif. 

2.6 
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r•bTORCYCLE IMPORTS REPRESENT THE MAJCRITY OF U,S, fv'OTCRCYCLE SALES, OF 
THE 1,050.,(ffi fv'OTORCYCLES IMPORTED INTO THE UNITED STATES IN 1977., 75% 
WERE IMPORTED FROM JAPAN., 12% FR<Jv1 EUROPEAN COUNlRIES., AND 1% FR<Jv1 OTHER 
COUNTRIES, 

Table 1.45 Summary of Annual New Motorcycle 
Sales, 1969-1977 

(103) 

Imports a Total U.S. 

b Domestic production % 
Motorcycles Mopeds production a and imports import 

1969 640 40 680 94 
1970 1,090 35 1,125 97 
1971 1,540 25 1,565 98 
1972 1,690 35 1,725 98 
1973 1,210 45 1,255 96 
1974 1,540 13 40 1,593 97 
1975 950 32 40 1,022 96 
1976 660 78 80 818 90 
1977 860 190 110 1,160 91 

a U.S. Motorayate Imports, Werner C. Single, Foreign Trade Services, 
W. New York, New Jersey. 

bMotorized bicycles. 

aMIC estimate derived by adjusting new-motorcycle registrations for 
U.S. brands (R. L. Polk & Co., Detroit, Mich.) and information offered 
by Kawasaki Motors Corporation, Lincoln, Nebr. 

Source: Motorcycle Industry Council, Inc., 19?8 Motorayale Statistiaat 
Annu.aZ, Newport Beach, Calif. 
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THE RECENT GROWfH IN THE OlITPlIT OF FOUR-WHEEL-DRIVE VEHICLES COUPLED 
WITH THE RISE IN POPULARITY OF LIGHT TRUCKS HAS CO~TER IMPLICATIQ\!S FOR 
FUEL ECONOMY STANDARDS FOR POTOR VEHICLES, 

Table 1.46 U.S. Four-Wheel-Drive Model Year Output by 
Makes and Class, 1974 through 1977 

1974 1975 1976 1977 

Sports utility 
Blazer 53,731 46,878 67,092 76,212 
CJ-5 43,137 32,486 31,116 32,996 
Scout 25,177 18,995 16,327 27,074 
CJ-7 21,016 25,414 
Jimmy 10,933 10,003 16,660 16,679 
Ramcharger 10,037 7,382 12,283 13,777 
Bronco 22,653 11,590 13,704 13,593 
Trail Duster 4,696 3,172 3,649 6,158 

. CJ-6 2,826 2,935 2,431 2,754 
Traveler 5,894 

Class total 191,467 133,441 184,278 214,657 

Station wagons 
Jeep Cherokee 12,925 18,859 31,308 
Jeep Wagoneer 15,350 9,296 16,520 19,990 
Chevy Surburban 8,823 6,849 10,563 12,601 
IH Traveller 5,894 9,620 
GMC Surburban 2,297 1,950 3,553 4,427 
Travelall 1,603 1,066 

Class total 28,073 32,086 55,389 77,946 

Pickups 
Chevy 82,110 104,765 149,459 171,499 
Ford 57,590 75,939 128,036 162,723 
Dodge 43,324 31,293 44,303 72,101 
GMC 15,197 18,977 36,264 45,208 
Jeep 17,173 10,138 12,508 15,534 
IH 13,874 7,705 3,556 2,688 

Class total 229,268 248,817 374,126 469,753 

Grand total 448,808 414,344 613,793 762,356 
Percent of total 

light truck sales 21 20 23 25 

Source: H. A. Stark (ed.), Ward's 1978 Automotive Yearbook, 40th ed., 
Ward's Communications, Inc., Detroit, 1978, p. 59; Ward's 1977 
Automotive Yearbook, p. 59; Ward's 1976 Automotive Yearbook, 
p. 51. 
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SNCH-DBILE SALES REAOiED A PEAK DLRING THE 1971-72 SELLING SEASON AND 

THEN DECLINED, HCMEVER, SALES OF NEW SNOIWOBILES WERE ESTIMATED TO BE 

220)lX) FOR THE 1977-78 WINTER SEASON., AN INCREASE FROM 1976-77 OF 

NEARLY 12.&t THIS INCREASE IS DUE IN PART TO THE DEVELOPMENT OF 75.,000 
MILES OF PUBLIC SNCWIOBILE TRAILS IN THE UNITED STATES, 
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Fig. 1. 26 
Snowmobile Sales by Selling Season, 1963 through 1978. 

Table I. 47 
Snowmobile Sales, 1962 through 1978 

(by sellin~ season) 
(10) 

Season Units 

1962-63 10 
1963-64 18 
1964-65 30 
1965-66 60 
1966-67 120 
1967-68 170 
1968-69 265 
1969-70 445 
1970-71 572 
1971-72 587 
1972-73 542 
1973-74 435 
1974-75 316 
1975-76 243 
1976-77 195 
1977-78 220 

Source: H. A. Stark (ed.), Ward's 1978 Automotive Yearbook, 40th ed., 
Ward's Communications, Inc., Detroit, 1978, p. 60. (Original 
source: International Snowmobile Industry Association.) 
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Table 1.48 
Household Purchases of New and Used Passenger Cars, 1968 through 1974 

Year 
purchased 

1968 

1969 

1970 

1971 

1972 

1973b 

1974b 

Number 
purchased 

(thousands) 

7,960 

8,069 

7,051 

8,148 

8,539 

8,700 

8,400 

New cars 

Number 
purchased Average 

price per 100 paid a households 

13.1 $2,936 

13.0 3,021 

11.1 3,025 

12.5 3,294 

12.8 3,372 

12.5 3,490 

11.9 3,805 

Used cars 

Total Number Number purchased Average expen-- purchased price ditures (thousands) per 100 paida (billions) households 

$23.4 13,407 22.1 $ 919 

24.4 12,808 20.6 952 

21.3 12,504 19.7 960 
26.8 14,564 22.4 1,017 
28.8 15,021 22.5 1,054 
30,2 12,600 18.2 1,287 
32.1 13,500 19,1 1,284 

aNet price, after allowance for trade-in. 
bNot strictly comparable to previous years, data collected from Fall 1972 to Fall 1973. 

Total 
expen-
ditures 

(billions) 

$12.3 

12.2 

12 . 0 

14.8 

15.8 

16.2 

17.4 

Source: Motor Vehicle Manufacturers Association, Motor Vehiale Faats & Figures '76, Detroit, p. 43. 

Used cars as 
a percent of 
total cars 
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Table 1.49 
Household Ownership of Motor Vehicles by Selected Characteristics, 1974 

(percent owning in each household group) 

One or more 
Number of Motor vehicles vans or 
households One or more One or more recreational 

(in millions) One or more Two or more Three or more cars pick-ups vehicles 

All households 70.8 83.8 45.l 10.2 81.5 17.1 3.2 

Annual income 
Under $3,000 8.0 46.2 11.0 1.8 43.2 7.8 1. 2 
$3,000 to $4,999 7.4 64.2 16.l 2.2 60.7 11.0 1. 3 
$5,000 to $7,499 8.9 79.4 26.2 4.0 76.0 14.3 2.2 
$7,500 to $9,999 8.3 88.3 36.2 4.9 85.0 16.8 2.8 
$10,000 to $14,999 15.9 93.9 53.5 9.8 91.7 22.2 3.2 
$15,000 to $19,999 9.7 96.7 67 .9 14.5 95.5 22.7 4.6 
$20,00010 $24,999 5.2 97 .4 73.l 21.0 96.9 19.2 5.3 
$25,000 and over 7.1 97.2 77.6 29.4 96.7 17.2 5.2 

~ 

Age of head ' 00 
Under 25 years 6 . 1 85.6 34.0 3.4 81.9 10.0 4.3 00 

25 to 29 years 7.5 89.3 45.4 4.4 86.8 17.2 3.7 
30 to 34 years 6.9 90.3 49.7 5.3 87.8 18.1 3.5 
35 to 44 years 12.3 90.3 59. 7 14.6 88.6 22.8 4.2 
45 to 54 years 12.6 89.4 61.2 22.3 87.5 21.9 3.9 
55 to 64 years 11.6 85. 7 46.9 11.8 83.2 18.1 2.6 
65 years and over 13.7 64.2 18.2 2.6 61.9 9.4 1.0 

Residence 
Central cities 22.3 72.4 32.1 6.6 71.3 7.4 2.3 

UJ Suburban rings 26.2 90.1 52.5 12.7 88.3 15.5 3.8 

0 
Outside metropolitan 

co· areas 22.3 87.8 49.4 10.9 83.8 28.7 3.3 
;::.: a N. Region (D 
a. Northeast 16.6 75.6 36.5 8.1 74.8 7.5 2.5 
CT North central 18.9 86.2 47.5 10.8 84.4 16.4 3.4 '< 

C; South 22.5 85.5 46.9 10.2 82.6 21.1 2.2 
West 12.8 87.9 49.6 12.2 84.1 23.6 5.4 

0 

~ Source: U.S. Department of Commerce, Bureau of the Census, Selected Data fPom t1ie 1973 and. 1974 SUPveys 
~ of Pu:Pahases and Ot.,mepship, Washington, D.C., July 1976. (Revised) (v 
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TRIP LENGTI-1 OOES NOT VARY SIGNIFICANTLY BY lHE SEASON OF lHE YEAR EXCEPT FOR TI-IE Sl.JflMER MlNlHS, WHEN 

TRIPS OF 100 MILES AND LONGER PEAK, 

Table 1. 50 
Percentage of Automobile Trips by Season and Trip Length 

Length of trip (miles) 

Season Less than 
of the one-half 100 and Daily number 

year mile 1 2 3 4 5 6-10 11-20 21-30 31-40 t,1-50 51-99 over Total of trips (000) 

Spring 
(April) 8.2 16.4 13.0 9.5 6.4 8.8 16.1 13.4 4,1 1.7 0.8 0.9 0.7 100.0 254,445 

Summer 
(July-August) 8.4 14.2 13.1 9.7 6.3 8.8 17.4 12.9 4.1 1.7 0.9 1.3 1.2 100.0 236,971 

Fall 
(October) 8.7 15.2 14.9 10.0 6.6 7.8 17.9 11.1 3.6 1.5 0.9 1.1 0.7 100.0 237,936 

Winter 
(January) 8.8 17.6 13.0 10.6 6.1 7.5 16.4 12.1 4.0 1.3 0.8 0.9 0.7 100.0 222,596 

Source: H. E. Strate, U.S. Department of Transportation, Federal Highway Administration, NationltJide 
Persona.l Transportation Study - Seasonal Va,y,iations of Automobile Trips and Travel, Report 
No. 3, Washington, D.C., April 1972, p. 15. 
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IN 1976, ALMOST 20% OF ALL Hl.JSEHOLDS IN THE UNITED STATES Ot,INED ONE OR MORE lRUCKS, THIS FIGURE 
IOCREASES TO 31% LIVIr,l; OJTSIDE ~. 

Automobiles 
1 
2 
3 or more 
None 

Total percent 

Trucks 
1 
2 or more 
None 

Total percent 

Table 1. 51 
Households with Automobiles and Trucks Available, 1976 

(percent) 

Total Inside SMSAsa 

1970 1976 Total In central city 

1970 1976 1970 1976 

47.7 48.0 45.8 45.S 45.4 45.4 
29.3 28.5 30.0 29.6 22.1 22.5 
5.5 7.3 5.7 7.8 4.1 5.4 

17.5 16.2 18.5 17.1 28.4 26.7 
100.0 100.0 100.0 100.0 100.0 100.0 

NA 19.7 NA 14.5 NA 10.2 
NA 2.1 NA 1.3 NA 0.8 
NA 78.2 NA 84.2 NA 88.9 

100.0 100.0 100.0 
Households, 10 3 67,699 79,316 46,083 53,606 22,584 24,547 

aStandard Metropolitan Statistical Areas. 

NA - Not available. 

Outside SMSAsa 

1970 1976 

52.1 53.3 
27.8 26.0 
5.1 6.4 

15.0 14.3 
100.0 100.0 

NA 31.0 
NA 3.8 
NA 65.2 

100.0 

21,616 25,710 

Source: U.S. Department of Commerce, Bureau of the Census, and U.S. Department of Housing and 
Urban Development, Annuai Housing Survey: 1976, United States and Regions, Part A: 
General Housing Characteristics, Washington, D.C., 1978, p. 8. 
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TI-E MAJOR DIFFERENCES IN THE TYPES OF VEHICLES OWNED BY URBAN AND RURAL RESIDENTS OCCUR IN TIE SML\LL 
CAR AND PICK-UP TRUCK CATEGORIES, SMl\1-L CARS (CQYPACTS AND SUBCQVPACTS) CCff>RISE t'ORE THAN 3()% OF 
TIE VEHICLES ~ED BY RESIDENTS OF t£rROPOLITAN AREAS w-iILE THEIR RURAL COLM"ERPARTS OWN ONLY 22% SMALL 
CARS, THE PROPORTIONS OF INTERtlEDIATE, STANDARD, AND LUXURY CARS DIFFER ONLY SLIGHTLY ACROSS AREAS, 
VIRTUALLY ALL OF TI£ DIFFERENCE IS ACCOLmED FOR BY TI£ LARGE NLmERS OF PICK-UPS OWNED BY RURAL 
HOUSEHOLDS, 

Table 1.52 a 
Percentage Breakdown of Personal Motor Vehicle Classes by Location 

of Residence, 1975 

Metropolitan areas 
Nonmetropolitan areas 

Central cities Suburban rings 

Total 100.0 100.0 100.0 
Subcompact 11.0 11.8 7.2 
Compact 19.2 19.2 14.9 
Intermediate 20.8 18.3 19.0 
Standard 33.6 30.7 32.0 
Luxury 5.5 5.8 4.0 
Pickup truck 6.8 9.9 19.0 
Passenger van 1.8 2.8 1.0 
Motorbhome 0.2 0.2 0.3 
Other 1.0 1.2 2.3 

Percent of 
total automobiles 24.0 45.0 31.0 

aLocational definitions follow those of the U.S. Bureau of the Census for SMSAs. 

bNot a passenger car, pickup truck, passenger van or motor home. 

Percent of total 
personal motor 

vehicles 

10.2 
17.9 
19.1 
31.8 
5.2 

12.0 
2.0 
0.2 
1.5 

100.0 

Source: Washington Center for Metropolitan Studies, Lifestyles and Household Energy Use: 1975 
National Survey. (3,149 households were surveyed.) 
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TABLE 1,53 SHCMS T~T ~ILE 69% OF AIJ_ PERSONAL flOTOR VEHICLES ARE OWNED BY HOUSEHOLDS IN METROPOLITAN 
AREAS, THESE HJUSEHOLDS CMN 7~ OF ALL SUBCOMPACTS, AND 74% OF CQ\1PACTS, THESE DIFFERENCES MAY WEIJ_ 
REFLECT A POSITIVE INFLUENCE OF THE UIBAN TRAVEL ENVIROO'ENT ON CONSI.M:R PREFERENCES FOR SMALLER, t-ORE 
EFFICIENT PERSONAL r-'OTOR YeilCLES, 

Table 1. 53 
Percentage Breakdown of Personal Motor Vehicles by Automobile Classes 

and Residential Locationa, 1975 
(summary) 

Subcompact Compact Intermediate Standard Luxury Pickup Passenger Motor Othei truck van home 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 . 0 

Metropolitan areas 78.0 74 .1 69 .3 68.8 75.9 51.5 84.9 58.1 53.4 

Central cities 25.8 25.8 26.1 25.4 25.7 13.3 21. 3 19.2 16.0 
Suburban rings 52.2 48.3 43.2 43.4 50.2 38.2 63.6 38.9 37.4 

Nonmetropolitan areas 22.0 25.8 30.7 31.2 24.1 48.5 15.0 41.9 46.6 

Percent of 
total automobiles 10.2 17.9 19.1 31.8 5.2 12.0 2.0 0.2 1.5 

aLocational definitions follow those of the U.S. Bureau of the Census for SMSAs. 

bNot a passenger car, pickup truck, passenger van, or motor home . 

Source: Washington Center for Metropolitan Studies, Lifestyles and Household Energy Use: 19?5 National Survey. 

Percent of 
total automobile 

69.0 

24.0 
45.0 

31.0 

100.0 
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Table 1. 54 
Percentage of Motorcycle-Owning-Households 

Owning Other Vehicles 

Own: 

Domestic car(s) 
Import car(s) 
Mini-pickup(s) 
Full-size pickup(s) 
Van(s)/Bus(es) 
4 x 4 vehicle(s) 
Mini-motorhome(s) 
Full-size motorhome(s) 
Sample size 

Owning 
Households 

83% 
25 

5 
39 
12 
10 

2 
2 

3163 

Source: 1977 Motorcycle Market Study conducted by J. D. Power and 
Associates, Los Angeles, Calif., 1977. 
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The National System of Interstate and Defense Highways. 
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Year Passenger 
cars 

1950 363,613 
1960 588,083 
1970 890,844 
1971 939,102 
1972 986,407 
1973 1,016,861 
1974 990,721 
1975 1,028,121 
1976 1,074,000 

Table 1. 55 
Highway Motor Vehicle Travel in the United States, 1950 through 1976a 

(10 6 vehicle-miles) 

Passenger vehicles 
Cargo vehicles 

All personal Buses All Single-b Motorcycles passenger 
All passenger unit Combi nations 

vehicles Commercial School vehicles trucks buses 

NA 3,271 810 4,081 367,694 42,452 14,327 
NA 2,872 1,481 4,353 592,436 97,930 28,479 

10,148 900,992 2,943 2,100 5,043 906,035 174,443 40,227 
15,053 954,155 2,885 2,212 5,097 959,252 184,396 42,641 
17,091 1,003,498 2,750 2,359 5,109 1,008,607 213,122 46,613 
19,594 1,036,455 2,548 2,412 4,960 1,041,415 219,128 48,019 
22,347 1,013,068 2,610 2,450 5,060 1,018,128 211,460 56,059 
22,351 1,050,472 2,648 2,500 5,148 1,055,620 218,894 55,560 
22,452 1,096,452 2,899 2,862 5,761 1,102,213 247,895 59,055 

All 
trucks 

90,552 
126,409 
214,670 
227,037 
259,735 
267,147 
267,519 
274,454 
306,950 

aFor a detailed discussion of VMT see TERA, Inc., and D. L. Greene, VMr Statistics, Lifetime VMT and Current State Met'lwds of 
EstiTTllting VMT, ORNL/'Jl,f-6327, Oak Ridge National Laboratory, Oak Ridge, Tenn. 

bEstimated VMT for registered motorcycles only. See Table 1.72 for discussion of motorcycle data. 

NA - Not available. 

All 
motor 

vehicles 

458,246 
718,845 

1,120,705 
1,186,289 
1,268,342 
1,308,562 
1,285,647 
1,330,074 
1,409,163 

Source : U.S. Department of Transportation, Federal Highway Administration, Highbxzy Statistics Summary to 1965, Washington, D.C., 
March 1967, Table VM-201A, pp. 40-42; Department of Transportation Nervs, Washington, D.C., Table VM-1, annual. 
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THE SPLIT BENEN l.RBAN AND Rl.RAL TRAVEL VARIES BY TYPE OF t'OTOR VEHICLE, DJER 80% OF VMf s TRAVELED 

BY CQ\1BINATION TRUCKS IS ON Rl.RAL ROADS, 

Table 1. 56 
Motor Vehicle Travel on Urban and Rural Roads, 1976a 

(percent) 

Buses Trucks Personal All All 
passenger School and passenger Single-unit All motor 
vehiclesb Commercial other All vehicles Combinations vehicles 

buses trucks trucks 
nonrevenue 

Total travel, 
106 vehicle-miles 1,096,452 2,899 2,862 5,761 1,102,213 247,895 59,055 306,950 1,409,163 

Total travel 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

All rural roads 42.4 41.3 69.5 55.3 42.5 46.5 80.9 53.l 44.8 
Main rural roads 35.2 38.1 47.1 42.6 35.3 42.5 79.2 49.5 38.4 
Local rural roads 7.2 3.2 22.4 12.7 7.2 4.0 1. 7 3.6 6.4 

Urban streets 57.6 58.7 30.5 44.7 57 .6 53.5 19.1 46.9 55.2 

aHighway categories for 1976 are based on functional classification and differ from earlier years. Compared to the earlier 
reporting procedure, main rural travel is 8% higher, local rural travel is 36% lower, and urban travel is 1% higher. 

blncludes travel by automobiles and motorcycles. 

Source: U.S. Department of Transportation, Federal Highway Administration, Department of Transportation Ne,,Js, Washington, 
D.C., March 29, 1978, Table VM-1. 
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FUEL CONSLMPTION IS RELATED TO lYPE OF TRAVEL CONDITIONS SUCH AS LRBAN 
VS RURAL ROADS, IN 1976, 58% OF TOTAL TRAVEL IN THE UNITED STATES 
WAS ON URBAN STREETS AND 42% WAS ON RURAL ROADS, 

Table 1. 57 Automobile Travel: Urban vs 
Rural Roads, 1950 through 1976a 

Total Urbatf Rural 
VMI' per mile Year (109 VMI') (109 VMf) % (109 VMf) % of road 

1950 363.6 182.5 50.2 181.1 48.8 109,749 
1955 492.6 233.6 45.4 259.0 54.6 144,119 
1960 588.1 284.8 48.4 303.3 51.6 165,849 
1965 706.4 375.8 53.2 330.6 48.8 191,436 
1970 890.8 489.0 54.99 401.8 45.1 238,820 
1971 939.1 516.5 55.0 422.6 45.0 249,827 
1972 986.4 558.3 56.6 428.1 43.4 260,470 
1973 1,016.9 580.7 57.1 436.2 42.9 267,113 
1974 990.7 585.8 57.8 427.3 42.2 259,617 
1975 1,028.1 609.6 58.0 440.9 42.0 267,874 
1976 1,074.0 631.9 57.6 464.6 42.4 278,455 

~ravel for 1957-64 includes motorcycles. For 1965-75, total travel 
excludes motorcycles while urban/rural distribution is based on 
percentages calculated from vehicle-miles which includes motorcycles. 

b"Urban" consists of travel on all roads and streets in urban places 
of 5,000 or greater population. 

Source: U.S. Department of Transportation, Federal Highway 
Administration, Highiuay Statistics~ Washington, D.C., 
Table VM-1 and M-1, annual. 
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Table 1. 58 
Average Miles Traveled by Type of Hiahway Motor Vehicle, 

1950 through 1976 

Passenger vehicles 
Cargo vehicles 

Personal passenger vehicles Buses 
All All 

Year passenger Single- All motor 
Passenier 

All personal All vehicles unit Combinations trucks vehicles Motorcycles0 passenger Commercial School buses trucks cars vehicles 

1950 9,020 NA 9,020 36,500 7,775 20,910 9,078 NA NA 10,776 9,369 
1960 9,446 NA 9,446 37,789 7,556 16,004 9,474 NA NA 10,583 9,652 
1970 9,978 3,605d 9,783 32,591 7,274 13,306 9,798 9, 807 41,903 11,450 10,076 
1971 10,121 4,500 9,926 31,949 7,198 12,819 9,938 9,794 43,779 ll , 465 10,198 
1972 10,184 4,500 9,969 30,968 7,414 12,553 9,980 10,525 47,084 12,229 10,370 
1973 9,992 4,498 9,767 28,469 7,178 11,662 9,774 9,868 46 , 716 11,538 10,083 
1974 9,448 4,500 9,225 28,968 6,865 11,320 9,233 8,981 51,667 10,861 9,530 
1975 9,634 4,500 9,406 28,230 6,788 11,140 9,413 8,882 49,125 10,648 9,644 
1976 9,733 4,500 9,506 29,948 7,502 12,045 9,517 9, 355 48,366 11,073 9,817 

aAlso, see TERA, Inc. and D. L. Greene, VMr Statistics, Lifetime VMr and Current State Method of Estimating VMJ:, ORNL/TM-6327, Oak 
Ridge National Laboratory, Oak Ridge , Tenn. 

bSee Table 1.59 for a comparison of estimate of average annual-miles driven by passenger cars . 

0 Estimated VMT for registered motorcycles only. See Table 1.72 for discussion of motorcycle VMT. 

dSignificant difference in values for 1971 and the corresponding values for 1970 represents a change in the basic assumptions of 
miles per vehicle and miles per gallon, not a shift in the trend. 

NA - Not available. 

Source: U.S. Department of Transportation, Federal Highway Administration, Department of Transportation News, Washington, D.C., 
Annual, Table VM-1. 
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A C<Jv'KlN RULE OF THl.ftti IS THAT THE AVERAGE !v-ERICAN AUT(M)BILE TRAVELS lQi[O) MILES PER YEAR, HCMEVER, 

AS TABLE 1.59 INDICATES, TI-IE ESTIMATES OF ANNUAL VMf VARY SIGNIFICANTLY, 

Per 
Automobile 

11,600 

11,800 

9,494 

9,889 

15,300 (small car) 
13,480 (medium car) 
14,180 (large car) 

9,900 

Table 1. 59 

Comparison of Estimated Annual-Miles Driven by Automobile 

Per Survey (S) or 
Household Estimate (E) 

s 

16,800 s 

E 

16,828 E 

s 

16,400 s 

Date Source 

1969 "Annual Miles of Automobile Travel," Report No. 
2, Natiom,ide Personal Transportation Study, U. S • 
Department of Transportation, Washington, D.C., 
1972. 

1974 1973 and 1974 SUPVeys of Purchases and Olmership, 
Bureau of the Census, U.S. Department of 
Commerce, 1976. 

1974 Selected HighuJay Statistics, 1974, Federal 
Highway Administration, U.S. Department of 
Transportation, 1976. 

1974 Comprehensive Human Resources Data System 
(CHRDS), Mathematic Policy Research, Inc. 

1976 Study of Automobile Dynamics, Arthur D. Little, 
Inc. 1976. 

1976 The Study of America Markets: Automobile 
Markets, U.S. News and World Report, 1976. 
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THE CURVE BELCW ILWSTRATES THE POTENTIAL RATE OF MARKET PENETRATION FOR 
NEWLY INTROOU:ED VEHICLES, 

THIS CLRVE WAS GENERATED USING THE FOLLOWING ASSLMPTIONS: 
• NEW VEHICLES kcruNT Frn 

10% OF SALES IN FIRST YEAR INTRODUCED 
20% OF SALES IN SECOND YEAR INTRODUCED 
ETC, UP TO 
100% OF SALES IN TENTH YEAR INTRODUCED 

• {ME-YEAR-OL.D VEHICLES DR IVE 17, 1% OF VMT 
T~YEAR-OLD VEHICLES DRIVE 14,3% OF \JMT 
THREE-YEAR-OLD VEHICLES DRIVE 12,6% OF VMT 
FOUR-YEAR-OLD VEHICLES DRIVE 11.1% OF VMT 
FIVE-YEAR-OLD VEHICLES DRIVE 10,0% OF VMT 
SIX-YEAR-OLD VEHICLES DRIVE 8.8% OF VMT 
SEVEN-YEAR-OLD VEHICLES DRIVE 7,4% OF VMT 
EIGHT-YEAR-Oil) VEHICLES DRIVE 5.8% OF VMT 
NINE-YEAR-Oil) VEHICLES DRIVE 4,4% OF \/MT 
TEN-YEAR-OLD VEHICLES DRIVE 3,0% OF vf,ff 
ELEVEN-YEAR-OLD+ VEHICLES DRIVE 5.5% OF VMf 

IO 

IO 
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.. 1111 e 
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.. 
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Fig. 1.28 Percent of Vehicle-Miles Traveled 
by Newly Introduced Vehicles. 
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THE FIGURES FOO AVERAGE AND MEDIAN ANNUAL-MILES DRIVEN BY ALL CARS INCLUDES MILEAGE FOR AUTOS THAT HAVE 
NOT BEEN DRIVEN A FULL YEAR, THESE FIGURES REPRESENT THE MILEAGE FOR THE LAST 12 t'ONTHS AND THEREFORE 
ARE NOT AN ACCURATE ESTI~TE OF ANNUAL-MILES, 

Table 1. 60 
Distribution of Annual-Miles Driven per Automobile, 1976 

-
Two-car Three-car 

Mileage per automobile All One-car households households 
cars households 

1st car 2nd car 1st car 2nd car 3rd car 

50,000 or more 0.6 0.7 0.4 0.5 1. 7 1.1 0.2 
25,000 - 49,999 3.5 4.1 4.8 2.0 4.0 3.4 2.2 
20,000 - 24,999 5.0 5.5 6.0 3.1 7.2 5.3 3.8 
15,000 - 19,999 10.1 10.0 13.2 7.0 13.2 9.7 7.1 
12,500 - 14,999 3.4 3.2 3.9 3.2 3.9 2.6 2.8 
10,000 - 12,499 26.0 24.7 30.0 22.0 31.7 28.2 20.9 

7,500 - 9,999 11.8 13.3 11.5 11. 7 10.3 11.5 10.4 
5,000 - 7,499 17.4 16.2 14.6 20.6 16.4 21.3 17.9 
3,000 - 4,999 9.5 9.5 6.6 13.4 5.8 8.2 12.6 

Less than 3,000 12.5 12.8 9.0 16.5 5.8 8.7 22.1 
Total cars 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Average annual-miles per car 9,900 10,100 10,900 8,300 12,000 10,400 7,900 
Median annual-miles per car 9,700 9,700 10,700 7,400 10,900 10,000 7,100 

Note: The sample for this mail study was selected on a national cross-sectional basis from lists 
maintained by The Reuben H. Donnelley Corporation, with heavy oversampling 'in the higher 
income households which control most of the buying activity in selective consumer markets. 
The findings are based on returns from 11,707 household heads and are projectable to the 
approximately 65 million households on the Donnelley lists. 

Source: The Study of American Markets: Automotive Market, U.S. News and World Report, 1977, p. 68. 
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As IN TABLE 1. 60., THE FIGrnEs FCR TI-E AVERAGE AND MEDIAN ANNUAL-MILES 
DRIVEN BY CAR-O~ING HOUSEHOLDS INCLUDES MILEAGE FOR AUTOS THAT HAVE NOT 
BEEN DRIVEN A FULL YEAR, THESE FIGURES REPRESENT THE MILEAGE FOR THE 
LAST 12 t-ONTHS AND THEREFORE ARE NOT AN ACCURATE ESTIMATE OF ANNUAL-MILES, 

Table 1.61 Annual-Miles Driven by Car-owning Households (HH), 1976 
(miles per household) 

Median Average 

All car-owning HH 14,300 16,400 
One car 9,700 10,100 
Two cars 17,800 18,500 
Two or more cars 19,300 21,000 
Three or more cars 26,000 28,400 

New car in 1976 15,900 18,200 
New domestic car in 1976 16,000 18,400 
New imported car in 1976 15,800 16,900 

Note: The sample for this mail study was selected on a national 
cross-sectional basis from lists maintained by The Reuben H. 
Donnelley Corporation, with heavy oversampling in the higher 
income households which control most of the buying activity 
in selective consumer markets. The findings are based on 
returns from 11,707 household heads and are projectable to the 
approximately 65 million households on the Donnelley lists. 

Source: The Study of Ameriaan Markets: Automotive Market, U.S. News 
and World Report, 1977, p. 67. 
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Table 1. 62 Yearly Travel of Passenger Automobiles as a 
function of Passenger Car Age 

Yearly travel Survival Weighted 
% of total weighted 

Passenger (thousand miles) probability yearly travel 
yearly travel 

car age (percent) (thousand miles) 
Simple Cumulative Simple Cumulative 

1 18.0 18.0 99.8 18.0 17.1 17.1 

2 15.1 33.1 99.3 15.0 14.3 31.4 

3 13.4 46.5 98.2 13.2 12.6 44.0 

4 12.2 58.7 96.2 11. 7 11.1 55.1 

5 11.3 70.0 92.9 10.5 10.0 65.1 

6 10.5 80.5 87.3 9.2 8.8 73.9 
I-' 

7.4 81.3 
I 

7 9.9 90.4 78 .4 7.8 I-' 
0 

8 9.3 99.7 66.1 6.1 5.8 87.1 °' 
9 8.8 108.5 51.9 4.6 4.4 91.5 

10 8.4 116.9 38.4 3.2 3.0 94.5 

11 8.0 124.9 27.3 2.2 2.1 96.6 

12 7.6 132.5 19.1 1.5 1.4 98.0 

13 7.3 139.8 13.4 1.0 1.0 99.0 

0 14 7.0 146.8 9.5 0.7 0.7 99.7 co· 
;::;; 

6.7 0.4 0.3 100.0 N. 15 6.7 153.5 
(1) 
a. 
O" 16 0.0 0.0 
'< 

C') Source: U.S. Department of Transportation, National Traffic Safety Administration, Data 
0 and Analysis for 1981-1984 Passenger Automobile Fuel Eaonomy Standards, Summary 

~ Report, Washington, D.C., February 28, 1977, p. A-21. 
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Table 1.63 
Average Annual-Miles for Trucks and Autos, 1972 

(10 3 VMT) 

Total Heavy- Light Age trucks heavy trucks Autos 
trucks 

0-2 18.8 52.4 15.3 16.6 

2-4 16.9 47.9 13.6 12.8 

4-6 13.5 36.0 11.1 10.9 

6--8 11.1 28.4 9.5 9.6 

8-10 10.0 21.4 9.1 8.6 

10-12 8.4 17.9 8.1 7.8 

12+ 5.6 11. 2 5.5 7.2 

Source: 1972 TI'uck Inventory and Use Survey Magnetic 
Tape, and Nationwide Personal TI'ansportation 
Survey, processed by ORNL. 

Table 1. 64 
Percentage of Lifetime VMT Driven at Different 

Ages, Trucks and Autos, 1972 

Total Heavy- Light Age trucks heavy trucks Autos 
trucks 

0-2 22.3 24.3 21.2 22.6 

2-4 20.0 22.3 18.8 17.4 

4-6 16.0 16.7 15.4 14.8 

6--8 13.2 13.2 13.2 13.1 

8-10 11.9 9.9 12.6 11. 7 

10-12 10.0 8.3 11.2 10.6 

12+ 6.6 5.2 7.6 9.8 

Source: 1972 Truck Inventory and Use Survey Magnetic 
Tape, and Natiomuide Personal Transportation 
Survey, processed by ORNL. 
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THE GRAPH BELOW SHOWS THE DIFFERENCES IN VEHICLE USAGE BY AGE AND SIZE 
CLASS, HEAVY-HEAVY TRUCKS (>26.,00) LB., GVW) ARE USED EXTENSIVELY DURING 
THE FIRST FEW YEARS BUT THEIR ANNUAL VMTs DECLINE RAPIDLY WITH AGE OF 
THE TRUCK, AVERAGE ANNUAL VMTs VARY WITH AGE FOR .AJJTCJ-1OBILES AND LIGHT 
TRUCKS (<10.,00) LB., G\IW) BUT NOT AS DRAMATICALLY AS THEY DO FOR THE 
HEAVY-HEAVY TRUCKS, 

THE USE PATTERN IS VERY SIMILAR FOR AUTOS AND LIGHT TRUCKS WHICH REFLECTS 
THE FACT THAT A LARGE PORTIOO OF LIGHT TRUCKS IS USED FOR PERSOOAL 
TRANSPORTATION, 
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Fig. 1. 29 
Vehicle Useage by Age and Size Classes. 

Source: U.S. Department of Commerce, Bureau of the Census, Census of 
TPansportation: 1972 Truok Inventor,y and Use Survey, 
Washington, D.C. 
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THE MAJORilY OF ALL TRUCK TRAVEL IS ACCOMPLISHED BY ~ PICK-UP AND 
PANEL TRUCKS -OF THE lYPES ASSOCIATED WITH RECREATIONAL VEHICLES, THESE 
BASICALLY OONFREIGHT-cARRYING TRUCKS ACCOU'JTED FOR 55,2% OF ALL TRUCK­
MILES OPERATED IN 1976, THE SECCJID t-OST INTENSIVE TRUCK USER OF THE 
HIGHWAYS WAS FOllID TO BE TRACTOR SEMITRAILER CQ\1BINATIONS WITH FIVE OR 
t-ORE AXLES - AT 18,0% OF THE TOTAL - FOLLOWED BY 2-AXLE, DUAL-TIRE TRUCKS 
WITH 13,(1%, CNERALL, SINGLE-UNIT TRLCKS REPRESENTED 74.8% OF ALL TRUCK­
MILES, WHILE CG\1BINATIONS ACCOUNTED FOR 25.2%, 

Table 1.65 
Travel by Truck Type, 1976 

Straight trucks 
Pick-up & panel 
Other 4-tire 
2-axle, dual tire 
3-or-more-axle 

Total straight trucks 

Combinations 
Tractor semitrailers 
3-axle 
4-axle 
5-or-more axle 
Other combinations 

Total combinations 

All trucks 

Percent of 
1976 miles 

55.2 
3.6 

13.0 
3.0 

74.8 

2.3 
4.0 

18.0 
0.9 

25.2 

100.0 

Source: "A Profile of 1976 Truck Traffic," Research Review, American 
Trucking Association, Inc., Number 200, July 14, 1978, p. 3. 
(Computed by ATA from unpublished preliminary tables provided 
by Federal Highway Administration.) 
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ANNUAL-MILES DRIVEN INCREASES WITH lRUCK SIZE, l.Ess THAN 12% OF LIGHT TRUCKS TRAVELLED t'ORE TiiAN 

20.,000 MILES PER YEAR., WHILE OVER 50% OF TRUCKS HEAVIER TiiAN 26.,00) LB DID, HEAVY-HEAVY TRUCKS 
TRAVELLING GREATER THAN 20.,00) MILES ANNUALLY ACCOUNTED FOR 88% OF ALL HEAVY-HEAVY TRUCK-MILES, 

Table 1.66 Percentage Breakdown of Truck Size Classesa by Annual-Miles, 1972 

Number of trucks Truck-miles 

Light Medium Light- Heavy- Total Light Medium Light- Heavy-
heavy heavy heavy heavy 

Less than 5,000 mil es 22.0 33.2 35.8 12.7 23.5 4.8 7.1 7.7 0.9 

5,000 to 9,999 miles 30.2 25.6 25.2 13.8 28.1 19.3 16.5 15.8 2.7 

10,000 to 19,999 miles 36.2 27.8 24.0 22.4 33.5 42.7 34.2 29.5 8.6 

20,000 to 29,999 miles 8.1 8.1 8.3 11.5 8.4 16.9 17.5 17.9 7.7 

30,000 to 49,999 miles 2.9 4.1 4.9 13.4 4.0 9.3 14.0 16.3 14.4 

50,000 to 74,999 miles 0.5 0.9 1.5 11. 5 1.4 2.2 4.6 7.8 19.6 

75,000 miles or more 0.4 0.6 0.6 15.1 1.6 5.0 6.4 5.4 46.3 

Total 100.0 100. 0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 

% of grand total 74.0 14.3 4.2 7.6 100.0 63.2 12.0 3.6 21.3 

aLight - gross vehicle weight of 10,000 lb or less. 
Medium - gross vehicle weight of 10,001 to 20,000 lb. 
Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

Source: U.S. Department of Commerce, Bureau of the Census, Census of Transportation: 
Inventory and Use Survey, TC72-T52, Washington, D.C., 1973, p. 7-8 and 7-18. 

1972 Truak 

Total 
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15.3 
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34.0 
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FLEET VEHICLES ARE OPERATED DIFFERENTLY THAN CARS FOR PERSONAL USE, 
TABLE 1.6.7 GIVES AVERAGE ANNUAL MILEAGE FOR THE U.S. AUTQYOBILE POPULATION 
AND ESTIMATES FOR ThQ FLEET SUBSAMPLES, A DIRECT CCNPARISON BElWEEN 
THESE SETS OF f'U-1BERS INDICATES THAT FLEET AlJT<M)BILES REGISTER ThO TO 
THREE TIMES THE ANN.JAL MILEAGE OF CARS IN GENERAL, HOWEVER, SUCH A CCN­
PARISON IS SQ\1EWHAT MISLEADING FOR TWO REAS<r4S, FIRST, ACCORDING TO 
SEVERAL SURVEYS, TI-E FB)ERAL HIGI-MAY All'1INISlRATION UNDERESTIMATES AVERNJE 
ANl'UAL MILEAGE BY 2(ID TO 3(ID MILES PER YEAR, SECOND, THERE IS CONSIDERABLE 
CONTROVERSY OVER HOW MUCH OF THE MILEAGE REPORTED FOR FLEET VEHICLES BY 
BUSINESSES IS ACTUALLY FOR BUSINESS PURPOSES, HCMEVER, EVEN WHEN THESE 
ThQ QUALIFIERS ARE ADDED, FLEET CARS ARE DRIVEN t'ORE THAN THE AVERAGE CAR, 

Table 1. 67 
Average Annual Mileage for Fleets, 1966-1977 

Total alla AALA fleet Automotive
0 U.S. cars carsb Fleet cars 

1966 9,506 21,932 22,761 
1967 9,531 21,430 
1968 9,627 23,800 21,698 
1969 9,782 24,200 
1970 9,978 24,600 22,170 
1971 10,121 24,787 
1972 10,184 24,322 22,244 
1973 9,992 24,350 
1974 9,448 26,384 20,904 
1975 9,634 31,185 
1976 9,733 26,000 21,563 
1977 28,568 

aU.S. Department of Transportation, Federal Highway Administration, 
Highway Statistias, Table VM-1 annual. These averages tend to under­
estimate average mileages. See Table 1.59 for comparison of estimates. 

blnformation supplied by American Automotive Leasing Association (AALA) 
which collects data annual in their AALA Fleet Cost Survey. Summary 
data appear in each April issue of Bobit's Automotive Fleet. 

aData estimated by Automotive Fleet Research Department. 

Source: D. B. Shonka, Charaateristias of Automobile Fleet Operations in 
the U.S.: 1966-1977, ORNL/TM-6449, Oak Ridge National 
Laboratory, Oak Ridge, TN, 1978. 
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Table 1. 68 Average Annual-Miles per Vehicle by Federal Government Vehicles, 
1970 through 1976 

1976 
1970 1971 1972 1973 1974 1975 

Total Sedans 

Agencies 9,996 9,944 9,220 8,740 8,160 8,139 10,813 13,112 
Department of Agriculture 8,603 9,256 12,015 
Department of Defense -Army 8,967 8,820 8,950 8,202 7,785 7,833 8,056 9,985 
Department of the Interior 7,841 7,614 17,643 
Department of Justice 12,836 12,851 13,172 12,934 15,405 13,917 13,957 
Department of Energy 8,873 7,731 7,998 8,275 7,457 7,987 8,721 10,633 
General Services Administration 11,742 11, 701 11,544 11,970 11,178 11,422 11,665 13,007 
United States Postal Service 9,749 9,218 6,725 5,988 5,784 5,373 5,701 23,881 

Domestic 9,942 9,807 9,096 8,625 8,046 7,985 8,490 12,748 
Foreign 10,451 10,711 10,528 9,959 9,278 

Source: General Services Administration, FedePal Motor Vehiale Fleet Report, Washington, D.C., annual, 
Tables 46, 10, and 11. 

Trucks 

8,941 
8,763 
7,602 
5,838 

13,094 
7,793 
9,813 
5,502 
7,295 
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Table 1. 69 
Taxicab Passenger Operations Ratios, by Fleet Size, 1973 and 1975 

Annual passengers Vehicle-miles Passenger per Passenger Vehicle-mile Percent 
per taxicab 

Number of taxicabs Percent of (103) per passenger vehicle-mile per trip per trip paid-miles 
in the fleet taxicabs of vehicle-miles 

1973 197S 1973 197S 1973 197S 1973 197S 1973 197S 197S 

Less than 10 2.2 14.1 1S.4 2.67 2.74 0.37 0.36 1.62 1. 31 4.33 3.59 S9.0 

10-24 10.6 1S.7 1S.4 3.49 2.89 0.29 0.3S 1.58 1.56 S.S2 4.51 S6.0 

25--49 9.1 11.4 12.9 3.85 3.22 0.26 0.31 1.60 1.61 6.16 5.26 49.0 

S0-74 10.0 11.1 12.6 6.28 3.51 0.16 0.28 1. 21 1.47 7.58 5.15 S6.0 

75-99 7 .7 12.4 19.S 5.33 2. 73 0.19 0.37 1.58 1.81 8.41 4.9S S9.0 

100-200 8 .7 10.2 8.5 3.78 4.7S 0.26 0.21 1. 71 1.29 6.45 6.12 46.0 
200 and over 51. 7 11.0 9.2 3.75 4 . 02 0.27 0.2S 1.58 1.43 5.91 5. 76 53.0 

Mean, al l operators 11. 9 10.9 3.65 3.53 0.27 0.28 1.60 1.46 6.05 5.36 52.0 ..... 
I 

% change 1973-197S -8.4 -3.3 3.6 -8.8 -11.4 ..... ..... 
v-l 

Source: Control Data Corp., Well Research Company, U.S. Dept. of Transportation, Office of Transportation Systems Analysis and 
Information, Taxicab Operating Charaateristias, Government Printing Office, Washington, D.C. , March 1977, p. 3-3. 
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THE NLMBER OF MILES TRAVELED BY THE AVERAGE RECREATICJW_ VEHICLE IN 1974 
VARIED FRQ\1 A HIGH OF 11.,500 Mil.ES FCR A VAN CONVERSIOO (THIS VALUE IS 
VERY CLOSE TO THE MILES DRIVEN BY Tl-£ AVERAGE AUTCJIOBILE) TO A LCM OF 
ONLY 2.,J!il MILES FOR A CAtfING TRAILER, 

Table 1.70 
Average Annual Miles Traveled for Selected 

Recreational Vehicle Types, 1974 

Van conversion 
Mini-Motorhome 
Motor home 
Truck Camper 
5th Wheel 
Travel Trailer 
Camping Trailer 

11,500 
7,600 
6,900 
4,650 
3,150 
2,400 
2,150 

Source: Power-Robertson & 
Company, Analysis 
of the U.S. Market 
for Reareational 
Vehiales, Los 
Angeles, Calif., 
Table VIII. 
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A LARGE PORTIOO OF RECREATIONAL VEHICLE (RV) USE IS CONFINED TO SI-ORT 
TRIPS, IN 1976, 35% OF THE TOTAL VACATION TRAVEL WAS UNDER l,(Xl) MILES 
PER RY, NEARLY ONE-FIFTH (17,3%) OF THE RYs WERE USED LESS THAN 100 
MILES THAT YEARi 35,3t t-mE THAN 3,00) MILESi 17,7%, !VORE THAN 5,500 
MILES, 

Table 1.71 
Percent Distribution by Trip Length of Vacation­

Miles Traveled in Recreational Vehicles 
1974 through 1976 

Miles traveled 1974 1975 1976 

1 to 100 15.98 12.21 17.34 
101 to 200 1. 59 3.18 1. 76 
201 to 300 3.01 2.65 1.41 
301 to 400 1. 77 1.95 0.88 
401 to 500 3.37 3.36 4.07 
501 to 600 2.84 2.65 0.70 
601 to 700 o. 71 0.88 0.35 
701 to 800 2.30 1. 76 1.41 
801 to 900 1.59 1.59 0.17 
901 to 1,000 4.26 5.48 6.90 
1,001 to 1,500 7.63 7.96 6.37 
1,501 to 2,000 8.34 9.02 10.61 
2,001 to 2,500 4.26 5.66 3.89 
2,501 to 3,000 8.17 5.66 8.67 
3,001 to 3,500 3.90 3. 71 1. 76 
3,501 to 4,000 6.03 7.43 7.78 
4,001 to 4,500 2.13 2.65 1.59 
4,501 to 5,000 5.50 3.89 5.48 
5,001 to 5,500 1.24 1. 76 1.06 
More than 5,500 15.27 16.46 17.69 

100.00 

Source: William D. Glauz et al., Reareational 
Travel Impaats: Review of Reareational 
Travel and Reareational Vehiale Data, 
Report No. FHWA-PL-77-018, April 1977. 
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THE f"bTORCYCLE INDUSTRY CoUNCIL PRESENTS T'tO CONCEPTS OF AVERAGE ANNUAL 
MILEAGE, THE FIRST CONCEPT IS DEFINED AS THE "ACCU'1UL.ATED MILES PER 
YEAR" BECAUSE IT IS THE ANNUAL AVERAGE OF ALL MILEAGE ACCU'1ULATED ON 
THE VEHICLE, THE 11tfflENTARY MILES PER YEAR" IS DEPENDENT ON THE 
MILEAGE ACClMJLATED IN A PARTICULAR YEAR ACCORDING TO THE VEHICLE AGE 
AND THE CONCEPT THAT ANNUAL MILEAGE DECREASES AS THE r-t>TORCYCLE AGES, 

GENERALLY., THE VALUE OF t-OMENTARY MILES PER YEAR IS ABOUT 30-40% LESS 
THAN THAT OF ACCUMJL.ATED MILES PER YEAR, THIS DIFFERENCE EXISTS BECAUSE 
THE MAJORITY OF MILEAGE ACClMJLATED ON A t,OTORCYCLE OVER THE VEHICLE LIFE 
IS ACCUMJLATED DURING THE FIRST AND SECOND YEARS OF USE., AND THE MAJORITY 
OF t-OTORCYCLES IN USE IN A GIVEN YEAR ARE OLDER THAN T'tO OR THREE YEARS 
OLD, THUS., THE MAJORITY OF t-OTORCYCLES IN USE IN A GIVEN YEAR ARE ACTUALLY 
TRAVELING LESS THAN THE AVERAGE OF MI LES ACCUMULATED OVER THE ClRRENT 
VEHICLE LIFE., AND THEREFORE., fl0\1ENTARY MILES PER YEAR IS LESS THAN 
ACCUMJL.ATED MILES PER YEAR,* 

Table 1.72 

1977 Average Annual Mileage for Motorcycles 

Average annual Total On-road Off-road Combination 
mileage motorcycles motorcycles motorcycles motorcycles 

1977 momentary miles 
per year 1,607 2,294 1,161 989 

1977 accumulated miles 
per year 2,332 3,176a 1,685 1,641 

aThe Federal Highway Administration estimates average annual miles per 
motorcycle to be 4,500. 

Source: 1978 Motorcycle Statistical Annual, Motorcycle Industry Council, 
Inc., Newport Beach, Calif., pp. 34 and 35. 

*1977 Motorcycle Statistical Annual, Motorcycle Industry Council, Inc., 
Newport Beach, Calif., pp. 34 and 35. 
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THE GRAPHS GENERATED FRQ\1 THE 1972 NATIONAL TRAVEL SURVEY DATA INDICATE THE NATIJRE OF THE SUBSTITIJTIOO 

BElWEEN AIR AND HIGHWAY TRAVEL. THEY SHCM THAT AIR TRAVEL VARIES DIRECTLY WITH LENGTH OF TRIP AND 

HOUSEHOLD INCOME, THAT IS, AS THE TRIP LENGTH OR THE HOUSEI-DLD INCOME INCREASES, 1-DUSEHOLDS BEGIN TO 

SUBSTITIJTE THE AIR flODE FOR THE r-DTOR VEHICLE, -
-
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Fig. 1. 30 
1972 NTS Household Trips by Trip Length. 
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Fig. 1.31 
1972 NTS Household Trips by Income Class. 

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census of Transportation, Vol. 1, 
National Travel Survey, Washington, D.C., February 1974, p. 6, Table 2. 
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THE ANNUAL HOUSING SuRVEY., CONDUCTED EACH YEAR SINCE 1972 BY THE BuREAU OF 
THE CENSUS., ASKS GENERAL QUESTIONS 00 r-EANS OF TRANSPORTATION TO WORK. 
TABLE 1.73 AND TABLE 1.74 GIVE U.S. TOTALS DERIVED FRQ\1 THE 1976 SURVEY, 
FROM THIS DATA WE SEE Tt-L4T ~ss TRANSIT IS USED flOST OFTEN IN CENTRAL 
CITIES (13% OF \'mKERS) \'f-tEREAS CARPOOLING IS flOST FREQUENTLY A MEANS 
OF TRANSPORTATION TO WORK IN AREAS OUTSIDE OF SIYSAs (2()% OF WORKERS), 
IN CENTRAL CITIES THE "WALKS ONLY" CATEGORY INCLUDED PEOPLE~ LIVE 
WITHIN WALKING DISTANCE OF THEIR PL.ACE OF Er,J>LO'fllENTj O1.ITSIDE SflSAs IT 
INCLUDES PRIMARILY FARMERS OR SUCH SELF-EMPLOYED PERSOOS, 

Table 1.73 
Principal Means of Transportation to Work, 

by Places of Residence, 1976a 

Total car 
Drives self 
Carpools b 

Mass transportation 
Bicycle or motorcycle 
Taxicab 
Walks only 
Other means 

Total 

88.9 
72.9 
16.0 
5.6 
0.8 
0.2 
4.0 
0.6 

Total 

87.3 
73.0 
14.3 
7.8 
0.8 
0.2 
3.5 
0.5 

Inside SMSAs 

In central 
cities 

79.6 
66.9 
12.7 
13.4 
1.0 
0.4 
5.1 
0.6 

Not in 
central cities 

92.9 
77 .3 
15.6 

3.7 
0.7 

2.3 
0.4 

Outside 
SMSAs 

92.7 
72.8 
19.9 
0.5 
0.7 
0.2 
5.1 
0.8 

~he statistics are restricted to household heads who had a job the week prior to 
enumeration. 

bincludes railroad, subway, elevated transportation system, bus, and streetcar. 

Source: U.S. Department of Commerce, Bureau of the Census, and U.S. Department 
of Housing and Urban Development, Annual Housing SUPVey: 1976, United 
States and Regions, Part A: General Housing Characteristics, Washington, 
D.C., 1978, p. 6. 
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Table 1.74 
Characteristics of Home-to-Work Trips Taken by Household Headsa, 1976 

(percentage of occupied housing units) 

Inside SMSAs 

Total In central Not in central Total cities 

Total occupied housing unitsb, 10 3 50,347 35,022 14,632 

Distance from home to work 
Owner and renter occupied 100.0 100.0 100.0 

Less than 1 mile 8.2 6.1 7.5 
1 to 4 miles 26.4 25.7 32.9 
5 to 9 miles 17 . 4 19.6 21.8 
10 to 29 miles 27.1 30.4 23.4 
30 to 49 miles 4.2 3.6 1. 7 
SO miles or more 1.3 0.9 0.6 
Othera 15.4 13.7 12.1 

Travel time from home to work 
Owner and renter occupied 100.0 100.0 100.0 

Less than 15 min 31.3 27.2 29.4 
15 to 29 min 30.7 34.2 36.4 
30 to 44 min 13.7 15.S 13.8 
45 to SO min 4.8 5.2 4.7 
1 hour to 1 hour and 29 min 3.4 3.6 3.5 
1 hour and 30 min or more 1.0 1.0 1.0 
Othera 15.1 13.3 11.2 

aLimited to heads who reported having a job the week prior to enumeration. 

bLimited to units with working household heads. 

aincludes work at home, no fixed place of work, or not reported categories. 

cities 

20,391 

100.0 
5.1 

20.S 
18.0 
35.4 
5.0 
1.1 

14.9 

100.0 
25.6 
32.7 
16.7 
5.7 
3.7 
0.9 

14.7 

Outside 
SMSAs 

15,325 

100.0 
13.1 
27.9 
12.3 
19.7 
5.4 
2.4 

19.2 

100.0 
40.6 
22.6 
9.7 
3.8 
3.0 
1.2 

19.1 

Source: U.S. Department of Commerce and U.S. Department of Housing and Urban Development, Annual 
Housing SUPl)ey: 1976~ U.S. and Regions, Part A - General Housing Characteristics, 
Washington, D.C., February 1978, pp. 6 and 7. 
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BEGINNING IN 1975, A GROUP OF GUESTIONS ON TRAVEL TO ~K WERE ADDED 
AS A SUPPLEMENT TO THE CENSUS BuREAu's ANNUAL HOUSING SURVEY (AHS). 
THE TRAVEL TO WoRK SUPPLEMENT IS If«:WDED FOR THE METROPOLITAN AREA 
SAMPLE WHICH COMPRISES ABOUT 00 METROPOLITAN AREAS TO BE SURVEYED OVER 
A THREE-YEAR PERIOD, THE DATA PRESENTED BELOW REPRESENT RESULTS 
OBTAINED FR~ THE FIRST CYCLE, WHICH SURVEYED 21 OF THE 00 METROPOLITAN 
AREAS, 

EIGHTY-SIX PERCENT OF JOB COM'v1UTERS IN THE 21 METROPOLITAN AREAS USE 
PRIVATE CARS OR TROCKS, J.2% USE PUBLIC TRANSPORTATION, AND 2% USE 
~TORCYCLES, BICYCLES, OR OTHER MEANS, r1:>RE JOB CO'MJTERS IN THESE 
AREAS (18%) ARE CARPOOLING BY PRIVATE VEHICLE TODAY THAN ARE RIDING IN 
ALL FORMS OF PUBLIC TRANSPORTATION CCMHNED (12%) , HcMEVER, 68% OF ALL 
OF THESE ~K COM'v1UTERS DRIVE ALONE BY PRIVATE VEHICLE, 

Table 1.75 
Major Mode of Transportation to Work for 21 Standard 

Metropolitan Statistical Areasa (SMSAs). 1975 

Al 1 workers ·Median distance 
Mode fr0111 home to work 

Number Percent (miles) 

All workers 12,931 
Not working at hoae 12,255 7 .5 Wo::~s 

0
~s!:c~ghicles 11,650 100 8.0 

10,040 86 8.0 
Auto 9,153 79 7 .9 
Truck 887 8 8. 7 

Drives alone 7,877 68 7. 7 
Carpool 2,100 18 9.1 

Sharing driving 731 6 12.S 
Driving others 541 5 9.1 
Riding with s011eone 829 7 6.6 

Public transportation" 1,432 12 8.9 
Bus or streetcar 1,018 9 7 .0 
Subway or elevated 177 2 10.1 
Railroad 224 2 24.4 

Ot:e~h::::,r use' 
1970-1975 22 

179 2 3.1 
Bicycle 86 1 

Walkin1 only 605 5• 0.6 
Working at hoae 219 2• 
Mode not reported 457 •• 6. 7 

~is table is based on preliminary data fro• the first four JDOnths 
(April-July) of the DOT Travel to Work Supplement to the Annual 
Housin1 Survey (AHS) Year II SMSA saaple. The user is cautioned 
that the fisu-res here are for only one-third of the final suple. 
aay contain seasonal biases, and have had only siaplified tteighting 
procedures applied. The foll01tin1 SMSAs were surveyed: Atlanta. 
Ga., Chicago. Ill.. Cincinnati. Ohio-Ky.-lnd., Colorado Springs, 
Colo., Coluabus, Ohio, Hartford, Conn., Kansas City, Mo.-Kans., 
Madison, Wis., Mi•i. Fla •• MilNaukee, Wis., New Orleans, La .• 
Newport News-Hampton, Va., Paterson-Clifton-Passaic, N.J., 
Philadelphia, Pa.-N.J •• Portland. Ore1.-Wash •• Rochester, N.Y., 
San Afftonio, Tex., San Bernardino-Riverside-Ontario, Calif., 
San Diego, Calif., San Francisco-Oakland, Calif., Springfield­
Chicopee-Holyoke, Mass. -Conn. 

blncludes a sull nuaber of workers using auto or truck but not 
specifying type of ridina arrangement. 

0 tncludes wrkers using taxicabs. 

dlncludes wrkers using -,torcycles and all other means besides those 
listed. 

•Percent of all vorkers. 

Source: U. S. Departaent of COllllerce, Bureau of the Census, Cw-Tent 
Population R.porta. Series P-23, No. 68, "Selected 
Characteristics of Travel to Work in 21 Metropolitan Areas: 
1975.'' Washington, D.C., February 1978 0 Tables 1, 2, and 4. 
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0t= ALL t,OTORCYCLES USED ON THE STREET., 58% ARE USED AT SQ\1E TIME TO 
CCM'liJTE TO WORK OR SCHOOL, 

Table 1.76 

Types of Motorcycle Street Usage, 1977a 

Total motorcycles registered 
for street use 

Motorcycles used for commuting 
To work, at some time 
To school, at some time 

(%) 

100 

58 
52 
16 

aSUPVey of Motorayale Ot,mership, Usage and Maintenanae, conducted for 
the Motorcycle Industry Council by the Gallup Organization, Princeton, 
N.J., January 1975. 

Source: 19?8 Motorayale StatistiaaZ Annual, Motorcycle Industry 
Council, Inc., Newport Beach, Calif., p. 31. 
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ESTIMATES OF COST-PER-MILE OF ALJT()t'()BILE OPERATION DURING THE FIRST YEAR 
REPORTED BY THE FEDERAL HIGt-fflAY AIJ.1INISTRATION (F~A) AND THE ~ERICAN 
MOIOBILE ASSOCIATION (AAA) TEND TO BE LOfER THAN ESTIMATES BASED ON DATA 
OBTAINED FRQ\1 THE HERTZ CoRPORATION, THE FOLLOWING DESCRIPTION OF 
DISSIMILARITIES IN RAW DATAJ IN ASSLWTIONS MADEJ AND IN CALCULATION OF 
THE ESTIMATES HELP TO EXPLAIN THE DISCREPANCIES, (SEE TABLE 1.77,) 

1, FHWA's ESTIMATES ARE BASED ON INDEPENDENT COST STlIDIES DONE 
IN THE BALTHIORE AREA, HERTZ'S FIGI.RES ARE BASED ON DATA 
OBTAINED FROM 11-fEIR NATIONWIDE OPERATION, Afllli FIGURES 
REPRESENT NATIONAL AVERAGE COST AS COMPUTED BY RuNZHEIMER AND 
CoMPANY, 

2, FIGURES FROM FHWA AND HERTZ ARE CALCULATED FOR A STANDARD 
t'ODEL CAR OPERATED FOR PERSONAL USE, THE 1976 Afllli FIGURE IS 
CALCULATED FOR AN INTERMEDIATE t'ODEL CAR OPERATED FOR BUSINESS 
USE; 1977-1978 FIGURES, FOR INTERMEDIATE t'ODEL CARS OPERATED 
FOR PERSONAL USE, 

3, HERTZ'S NEW-c:AR PURCHASE PRICE IS HIGH BECAUSE 11-fE hH>LESALE 
VAWE OF THE TRADE-IN IS SUBTRACTED FRQ\1 THE DEALER'S TRADE-IN 
ALLOWANCE, 

4, R-IWA's PER MILE DEPRECIATION COSTJ BASED ON 14)500 MILES DRIVEN 
THE FIRST YEARJ IS FAR BELOW THE HERTZ FIGURE) WHICH IS BASED 
ON ONLY lQJCXX) MILES FOR THE FIRST YEAR, WHEN HERTZ ADJUSTS 
ITS~ COST DATA TO FHWA MILEAGE) FIRST-YEAR 
COST IS 26,01¢ PER MILE, Wf-lEN P/lAJ WHICH ALSO BASES ITS 
ESTIMATE ON lOJOOO MILES PER YEARJ ADJUSTS ITS a>ST TO FHWA 
MILEAGE) THEIR FIRST-YEAR COST IS 15,72¢ PER MILE, 

5, R-IWA AND Afllli COST ESTIMATES 00 NOT I~WDE A FINANCE COST, 
WHILE THE HERTZ STlIDY SUGGESTS ADDING AN INTEREST RATE OF"/% 
IN ADDITION TO FINANCE COSTS, 

6, R-IWA AND PflA ESTIMATES OF FIRST-YEAR MAINTENANCE AND REPAIR 
COSTS ARE CONSIDERABLY LOWER THAN CQ\1PARABLE HERTZ ESTit-1ATES, 
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Cost Per Mile for Operating An Automobile 
(cents per mile) 

1976 1977 1978 

FHWA 
First year 
Average over 10 years 
and 100,000 miles 

Hertz 
First year 
Average over 10 years 
and 100,000 miles 

AAAb 
First year 

18.73 
17.88 

33.68 
19.32 

20.21 

NA 
NA 

33.92 
NA 

20.95 

aFigure for 2nd quarter of 1978; first quarter figure for 1978 was 
19.60. 

NA 
NA 

NA 
NA 

bAAA's figures as computed by Runzheimer and Company are for an 
intermediate size car; they do not report an average over 10 years 
and 100,000 miles. 

NA - Not available. 

Sources: American Automobile Association, "AAA Survey Shows Driving 
Costs Rising 3.7% in Past 3 Months," Net,)s Release, Falls 
Church, Va., August 29, 1977; "AAA Reports Auto Operating 
Expenses 19.64 Cents a Mile in Second Quarter," News 
Release, Falls Church, Va., August 10, 1978; Donald Moffitt, 
"How to Figure True Cost of Car Ownership; Why Some Published 
Figures Differ so Much," The WaU Street Journal, November 15, 
1976, p. 44; Francis Gawronski, "Cost of Car Tops 30 Cents a 
Mile," Automotive News, December 5, 1977, p. 18. 
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THE INTERSTATE RURAL HIGHWAY CATEGORY HAS THE HIGHEST AVERAGE SPEED OF 
THE FIVE HIGI-WAY CATEGORIES, THE PERCENTAGES OF VEHICLES EXCEEDING 55., 
60., AND 65 MPH ARE ALSO HIGHEST FOR THE INTERSTATE RURAL CATEGORY, THE 
LCMEST AVERAGE SPEED IS FOUND IN TI-E MJLTILANE UNDIVIDED HIGHWAY CATEGORY 
AS ARE THE LCMEST PERCENTAGES OF VEHICLES EXCEEDING 55., 60., AND 65 MPH, 
AVERAGE SPEED RANGES FRCJ,1 53,7 MPH TO 58,2 WH, IT IS NOTEABLE THAT THIS 
RANGE INCLUDES THE 55-MPH SPEED LIMIT, 

Table 1.78 
Annual Average Quarterly Speed Monitoring 

Data for Fiscal 1976 

Average Percent in excess of 
speed 
(mph) 55 mph 60 mph 65 mph 

Interstate 

Urban 56.1 57 20 5 
Rural 58.2 69 32 10 

Multilane 

Divided 55.8 55 21 6 
Undivided 53.7 41 13 4 

Two-lane rural 54.5 46 18 6 

Source: U.S. Department of Transportation, Federal 
Highway Administration, Highivay Statistias 
1976, Washington, D.C., p. 32. 
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THIS FIGURE SHOWS A STEADY INCREASE IN THE AVERAGE SPEED OF FREE-t-'OVING VEHICLES ON RURAL INTERSTATE 

HIGI-MAYS AND IN THE PERCENTAGE OF FREE-f/OVING VEHICLES EXCEEDING 55, ff:Ji AND 65 MPH UNTIL THE MIDDLE OF 

1973. THE SUDDEN DECLINE IN 1973 CAN BE ATTRIBUTED TO THE FUEL EMBARGO WHICH BEGAN IN SEPTEMBER OF 

THAT YEAR AND THE ENSUING IMPOSITION OF A NATIONWIDE 55-WH SPEED LIMIT. THERE IS A SL0/1 INCREASE 

IN THE TREND AFTER 1975. 

AVERAGE SPEED OF FREE-MOVING VEHICLES ON RURAL INTERSTATE HIGHWAYS 
ro ro 
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Fig. 1. 32 Speed Trends on Rural Interstate Highway;a 

aAll data represent free-moving traffic on level, straight, noncongested sections 0£ rural 
interstate highways. Data shown between 1960 and 1975 represent speed trend information 
collected by several state highway agencies (normally during the sUD111er months) and submitted 
in annual speed trend reports. Since October 1975 all states have monitored speeds on 
several highway systems, including the interstate system, as part of the 55 mph speed limit 
monitoring program. The data are reported to FHWA on a quarterly basis. 

Source: U.S. Department of Transportation, Federal Highway Administration, High/Jlay Statistics 
1976, Washington, D.C., p. 33. 
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• Large air hubs ~ 1. 00% 
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(Small air hubs 0.05-0.24%) 

Fig. 1. 33 Large and Medium Air Traffic Hubsa in the United States, 1976. 
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aAir traffic hubs are defined in terms of the percentage of total U.S. passenger enplanements at the hub. 

Source: Civil Aeronautics Board and U.S. Department of Transportation, Federal Aviation Administration, 
Airport Activity Statistics of Certificated Route Air Carriers, Washington, D.C., December 31, ro) 
1976. 
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Table 1. 79 
Aircraft Departures, Enplanements at Large Air Traffic Hubs, 1976 

Large 
air traffic hubs 

Large hubs 

Atlanta, GA 
Boston, MA 
Chicago, IL 
Cleveland, OH 
Dallas-Ft. Worth, TX 
Denver, CO 
Detroit, MI 
Honolulu, HI 
Houston, TX 
Kansas City, MO 
Las Vegas, NV 
Los Angeles, CA 
Miami, FL 
Minneapolis, MN 
Newark, NJ 
New Orleans, LA 
New York, NY 
Philadelphia, PA 
Phoenix, AZ 
Pittsburgh, PA 
St.Louis, MO 
San Francisco, CA 
Seattle, WA 
Tampa, FL 
Washington, D.C. 

Total 25 large hubs 
Total 39 medium hubs 
Total 93 small hubs 
Total U.S. 

Aircraft Enplaned 
departures passengers 

209,839 
96,033 

286,836 
58,462 

143,862 
108,778 

79,136 
44,607 
62,447 
55,252 
51,319 

150,455 
118,628 
65,342 
63,639 
45,453 

262,127 
66,440 
45,379 
88,155 
86,322 

124,910 
53,905 
53,105 

128,902 

2,529,333 
943,583 
666,496 

4,699,090 

13,607,032 
5,355,214 

18,142,985 
2,972,586 
7,929,000 
6,451,520 
4,003,664 
4,852,861 
3,282,614 
2,331,212 
3,260,437 

10,391,492 
6,876,067 
3,604,637 
3,336,376 
2,307,981 

14,350,895 
3,687,012 
2,284,402 
3,922,312 
3,799,713 
6,937,356 
3,385,548 
2,522,871 
6,994,521 

146,590,308 
39,641,614 
21,871,179 

215,355,045 

Percent of 
U.S. 

enplanements 

6.31 
2.48 
8.42 
1.37 
3.68 
2.99 
1.85 
2.25 
1.52 
1.08 
1.51 
4.81 
3.19 
1.67 
1.54 
1.10 
6.64 
1.68 
1.06 
1.82 
1.76 
3.20 
1.57 
1.17 
3.23 

67.90 
18.17 
9.75 

100.0 

Source: Civil Aeronautics Board and the Federal Aviation 
Administration, Air-port Aativity Statistias of 
Certifiaated Route Air Cafl'iers, Washington, D.C. 
Dec. 31, 1976. 
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Table 1.80 
Air Traffic Activity at FAA Facilities by Aviation Category - Fiscal Years 1972-1976 

Workload 
measure 

Total aircraft 
operations 

Itinerant 
operations 

Local 
operations 

Year 

1972 
1973 
1974 
1975 
1976 

1972 
1973 
1974 
1975 
1976 

1972 
1973 
1974 
1975 
1976 

aLess than 0.5 percent. 

Total 

Total 

53,620,706 
53,922,674 
56,845,120 
58,934,700 
62,491,505 

33,563,478 
34,028,828 
36,067,118 
37,552,859 
39,660,709 

20,619,960 
19,893,846 
20,778,002 
21,381,841 
22,830,796 

Air carrier 

Annual Total Annual 
change change 

-1 9,709,842 -4 
+l 9,808,402 +l 
+5 9,476,535 -3 
+4 9,374,363 -1 
+6 9,339,479 a 

a 9,709,842 -4 
+ 9,808,402 +1 
+6 9,476,535 -3 
+4 9,374,363 -1 
+6 9,339,479 a 

-3 
-1 
+4 
+3 
+7 

Air taxi General Aviation Military 

Total Annual Total Annual Total Annual 
change change change 

1,979,576 NA 38,431,014 -1 3,500,274 a 
2,115,273 +7 38,777,459 +l 3,221,540 -8 
2,351,900 +11 42,202,326 +9 2,814,359 -13 
2,708,901 +15 44,159,682 +5 2,691,754 -4 
2,867,621 +6 47,594,278 +8 2,690,127 a 

1,979,576 NA 20,379,315 +2 1,494,745 -2 
2,115,273 +7 20,633,639 +1 1,471,514 -2 
2,351,900 +11 22,922,885 +11 1,315,798 -11 
2,708,901 +15 24,183,342 +5 1,286,253 -2 
2,867,621 +6 26,180,772 +8 1,272,837 -1 

18,632,625 -4 1,987,335 +7 
18,143,820 +1 1,750,026 -13 
19,279,441 +6 1,498,561 -14 
19,976,340 +4 1,405,501 -6 
21,413,506 +7 1,417,290 +1 

Source: U.S. Department of Transportation, Federal Aviation Administration, Cu;ppent Aviation Statistias AiP Tr-affia Aativity 
Fisaal YeaP 1976, Washington, D.C., November 1.976, p. 2. 

1--' 
I 

1--' 
v,l 
1--' 

DJ 



0 
(Q. 
;::;: 
N. 
(1) 
0.. 

~ 

C; 
0 

~ 
i""""""I 
(v 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

% distribution 
% change 
1970-1976 

Table 1.81 
Number of Aircraft in Operation of Certificated Route Air 

Carriers by Aircraft Type, 1970-1976 

Wide-body jets Narrow-body jets Propeller aircraft 

4-engine 3-engine 4-engine 3-engine 2-engine Turbo prop Piston 

79 0 812 631 519 316 64 
104 13 743 638 530 287 60 
106 76 662 662 522 256 63 
109 134 603 710 500 238 54 
103 169 491 724 501 201 45 
97 197 464 765 500 193 45 

104 199 429 793 518 180 43 
4.6 8.8 18.9 34.9 22.8 7.9 1. 9 

31.6 -47.2 25.7 -0.2 -43.0 -32.8 

Helicopters Total 

16 2,437 
14 2,389 
14 2,361 
13 2,361 
10 2,244 

7 2,268 
5 2,271 

0.2 100.0 

-68.8 -6.8 

Source: U.S. Department of Transportation, Federal Aviation Administration, FAA Statistical Handbook of Aviation, 
CalendaP YeaP 1976, pp. 50-Sl. 
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Table 1. 82 
1976a Domestic Air Travel Data, 

By Round-Trip Distance 

Mean 
Person-trips Persons Person-miles round-trip 

Round-trip length per length 
(miles) 10 3 % trip 10 6 % (miles) 

200-299 1,833 2.7 1.10 478 0.3 261 
300-399 1,719 2.5 1. 30 600 0.4 349 
400-599 6,879 10.0 1.14 3,444 2.3 501 
600-999 14,356 20.9 1.17 11,014 7.4 767 

1,000-1,999 15,709 22.9 1. 24 22,741 15.2 1,448 
Over 2,000 28,083 41.0 1. 39 110,928 74.4 3,950 

Total 68,579 100.0 1.27 149,205 100.0 2,176 

By Trip Purpose 

Mean 
Person-trips Persons Person-miles round-trip 

Purpose of trip 10 3 % 
per 

trip 10 6 % 
length 
(miles) 

Visit friends and 
relatives 18,833 27.5 1.52 45,441 30.5 2,413 

Other pleasure 13,562 19.8 1.53 42,632 28.6 3,143 
Business 29,719 43.3 1.09 51,418 34.4 1,730 
Other 6,465 9.4 1.19 9,714 6.5 1,503 

Total 68,579 100.0 1. 27 149,205 100.0 2,176 

aA circuity ratio of 1.15 over the great-circle distance is included 
in all distance-related data. 

Source: U.S. Travel Data Center, 1976 Nationa.l Travel SUPvey, Full Year 
Report, Washington, D.C., 1977. 
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Table 1.83 a 
Domestic Air Travel Data by Family Income, 1976 

(including trips outside the United States) 

Family income 
Person-tripsb 

Persons Person-milesb 

($) % per trip 106 % 

Under 5,000 7.1 1.27 12,019 8.1 
5,000-9,999 9.1 1.18 14,615 9.8 
10,000-14,999 14.8 1.26 21,073 14.1 
15,000-24,999 26.7 1.36 41,264 27.6 
25,000 and over 28.8 1.30 39,030 26.2 
Not answered 13.5 1.34 21,204 14.2 
Total 100.0 1.30 149,205 100.0 

aA circuity ratio of 1.15 over the great-circle distance is 
included in all distance-related data. 

bNumber of person-trips and mean trip length cannot be 
calculated due to the inclusion of international data in 
these categories. 

Source: U.S. Travel Data Center, 19?6 National Travel 
Survey, Full Year Report, Washington, D.C., 
1977, p. 42. 
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f1hRE PEOPLE ARE TRAVELING BY AIR ON PERSONAL TRIPS THAN EVER BEFORE, SINCE 1972, THE ANNUAL NUMBER OF 
NO'IBt.JSINESS lRIPS BY AIR ~SNEARLY DOJBLED, AID IN 1976 t\CCOJNT8) Fffi 56,7% OF ALL AIR TRIPS. 

BUSl1'D9 ~ 

AM> RJ!LATIVIS 

24-.M 

1972 = 45.58 million person-trips 

BtJSINl:S3 ·~ 

0TBBR s.•~ 

OTRD PUAstJRE 19.~ 

1976 = 68.58 million person-trips 

Fig. 1.34 Comparison of Air Travel Data by Trip Purpose, 1972 and 1976. 

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census of TransportationJ Vol. lJ 
National Travel SurveyJ Washington, D.C., February 1974; U.S. Travel Data Center, 1976 
National Travel SurveyJ Full Year ReportJ Washington, D.C., 1977. 
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D~ FOR IXJMESTIC CERTIFICATED AIR CARRIER PASSENGER SERVICE HAS 
INCREASED DRPMJ.\TICALLY IN RECENT YEARS WHILE THE INTERNATIOOAL SECTOR 
HAS NOT YET RECOVERED TO PRE-EMBARGO VAWES, 

ORNL DWCI 78-14105 

1.40,-----------------------, 

1.30 

Ill 1.20 
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;! 
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0.90 

VEAR 

Fig. 1. 35 

LOCAL CARRIERS 
.-,.-,--DOMESTIC TRUNK 

ALL CARRIERS 

ALL INTERNATIONAL 
OTHER DOMES Tl C 

Certificated Route Air Carrier Passenger Load Factors, 
1971 through 1977, Normalized to 1971 Values. 
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3 1.40 
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e I.JO 
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ti 
, .. 
1.10 

,oo 

u.eo---'------'-------'--"---'--_,__----'--"------' .... , .. , .,.,., .... 
Fig. 1. 36 

Certificated Route Air Carrier Passenger-Miles, 
1971 through 1977, Normalized to 1971 Values. 

Source: A. B. Rose, The Energy Intensity and Related Parameters of 
Seleated Passenger Transportation Modes, ORNL/1M-6451/Vl, 
Oak Ridge National Laboratory, Oak Ridge, TN, 1978. 

Digitized by Google 



0 co· 
;:::;.-
i:::i" 
(D 
0.. 

~ 

C"') 
0 

~ 
~ 

rv 

Table 1.84 Summary of Certificated Air Carrier 
Statistics,a 1971-1977 

Revenue Revenue Passenger Cargo ton-miles 
aircraft- passenger- load 

miles miles factor 
(106) (109) (%) 

1971 2,489 149.2 50.5 
1972 2,515 165.3 54.4 
1973 2,556 174.4 53.6 
1974 2,351 174.0 56.1 
1975 2,325 173.3 54.9 
1976 2,419 191.8 56.7 
1977 2,525 206.1 57.1 

aln scheduled and nonscheduled service. 

bCalculated allowing 200 lb per passenger. 

(106) 

Passenger flightsb Cargo flights 

2,301 3,542 
2,680 3,828 
2,940 3,560 
3,054 3,442 
3,005 3,181 
3,254 3,246 

6,976 

Sources: Civil Aeronautics Board, Air Carrier TT'affia Statistias, December 
19??, Washington, D.C., 1978; Civil Aeronautics Board, Handbook of 
Airline Statistias. Supplement, Washington, D.C., 1977; National 
Archives and Records Service, Machine Readable Archives Division, 
CAB Form 41 Sahedule T-2, Washington, D.C., 1970-1977. 
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Table 1. 85 
Certificated Air Carrier Passenger Service 

Statistics by Carrier Type, 1976 
Operating 

Aircraft- Passenger- Passenger Mean 
miles miles load factor stage length 

(109) (106) (%) (miles) 

Domestic carriers 1,994 151. 29 56.2 435 

Domestic trunks 1,672 136.89 56.4 584 

Big four 1,047 85.62 58.5 NA 
Others 624 51. 27 53.3 NA 

Local carriers 284 12.67 53.4 195 

Other domestic carriers 34 1.68 61.6 173 

International carriers 306 40.46 58.6 1,359 

Passenger carriers, total 2,295 191. 70 56.7 480 

NA - Not available. 

Source: National Archives and Records Service, Machine Readable Archives Division, 
CAB FoPm 41 Sahedule T-2, Washington, D.C., 1970 to 1977. 

Table 1. 86 
Certificated Air Carrier Passenger Service Operating 

Statistics by Aircraft Category, 1976 

Long-haul aircraft 

Four-engine narrow-body jet 

Turbofan 
Turbojet 

Wide-body jet 

Three-engine 
Four-engine 

Three-engine narrow-body 

Short-haul aircraft 

Propellor 

Piston 
Turboprop 

Two-engine narrow-body jet 

Helicopters 

Percent of all certificated air carriersa 

Aircraft- Passenger-
miles miles 

38.7 56.1 

20.2 22.3 

18.4 20.5 
1.8 1.8 

18.5 33.8 

11.5 17.2 
7.0 16.6 

37.6 29.9 

23.1 13.5 

3.0 0.9 

0.2 0.02 
2.8 0.8 

20.1 12.7 

0.03 0.003 

Passenger 
load factor 

(%) 

56.1 

61.4 

51.3 
62.0 

53.1 

51. 2 
55.2 

57.6 

57.1 

48.3 

47 .1 
51.6 

57.6 

40.2 

aValues will not sum to 100% exactly because only passenger cabin configurations were 
considered. 

Source: National Archives and Records Service, Macpine Readable Archives Division, 
CAB Form 41 Sahedute T-2, Washington, D.C., 1970-1977. 
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"SUPPLEMENTAL AIR CARRIERS," CARRIERS PERFORMING PASSENGER AND CARGO 
CHARTER SERVICES, ARE TI-IE ONLY SEGviENT OF TI-IE AIR MARKET WHICH HAS 
EXPERIENCED SIGNIFICANT DECLINES IN OPERATIONS IN RECENT YEARS, 

Table 1. 87 
Supplemental Air Carrier Traffic Statistics, 

1973 through 1976 

Domestic operations 
Revenue aircraft miles, 10 3 

% military 
Revenue passenger-miles, 10 6 

% military 
Overall passenger load factor,% 
Cargo ton-miles, 10 6 

% military 
International operations 
Revenue aircraft miles, 10 3 

% military 
Revenue passenger-miles, 10 6 

% military 
Overall passenger load factor,% 
Cargo ton-miles, 106 

% military 
All operations 

Revenue aircraft miles, 10 3 

% military 
Revenue passenger-miles, 106 

% military 
Overall passenger load factor,% 
Cargo ton-miles, 106 

% military 

1973 

35,026 
54.1 

2,005.9 
1.5 

88.1 
291.6 
86.8 

56,769 
22.9 

9,783.7 
16.3 
86.7 

111.9 
46.8 

91,795 
34.8 

11,789.6 
13.8a 
86.9 

403.5 
75.7 

1974 

31,461 
57.8 

1,802.5 
1.9 

86.5 
281.1 
87.4 

47,901 
24.4 

9,060.0 
20.0 
87.7 
85.8 
25.3 

79,363 
37.7 

10,862.4 
17.0 
87.5 

366.9 
72.9 

1975 

25, 712 
68.2 

900.0 
1. 7 

89.1 
262.8 
87.3 

39,834 
26.6 

7,845.9 
23.5 
87.7 
99.0 
17.1 

65,546 
42.9 

8,745.8 
21.3 
87.8 

361.8 
68.1 

1976 

23,818 
34.8 

920.3 
1.6 

88.8 
237.1 
87.6 

38,822 
21.0 

7,278.8 
21.1 
88.5 

147.0 
11.6 

62,640 
39.1 

8,199.1 
18.9 
88.5 

384.1 
58.5 

aA commuter operator is defined as an operator of small aircraft (up to 30 
seats and a 7,500 lb payload) performing at least five scheduled round 
trips per week between two or more points or carrying mail. 

Source: Civil Aeronautics Board, Handbook of Airline Statistics, 
Supplement, Washington, D.C., 1975 and 1977 editions. 
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Al.THOUGH "CO'IMUTER AIR CARRIERSa,, STILL REPRESENT ONLY A SMALL PORTION 
OF THE AIR MARKET IN ABSOLUTE TERMS.1 THEY HAVE EXPERIENCED RAPID GROOH 
OVER THE PAST YEARS, 
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6 AVERAGE ANNUAL RATE OF INCREASE: I0.3'r. 
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ai::: 
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0 
1970 1971 1972 

YEAR PASSENGER (000) 

1970 4,270 
1971 4,698 
1912 s.2,2 
1973 5,688 
1974 6,842 
1975 6,666 
1976 7,305 
1977 8,505 

1973 1974 1975 1976 1977 1978 
CALENDAR YEAR 

Fig. 1. 37 Passengers Carried by Commuter Air Carriers, 1970-1977a. 

aA commuter operator is defined as an operator of small aircraft (up to 
30 seats and a 7,500 lb payload) performing at least five scheduled 
round trips per week between two or more points or carrying mail. 

Sourc·e: Civil Aeronautics Board, Commute:r> Ai:r> Ca:r>:r>ier Traffic Statistics, 
Washington, D.C., December 31, 1977. 

Table 1.88 Commuter Air Carriera Statistics, 1975-1977 

% change 1975 1976 1977 1976 to 1977 

Reporting carriers 235 252 242 -4.0 
Airports served 781 764 -2.2 
Passengers carried, 103 6,666 7,305 8,505 16.4 
Passenger-miles, 103 698,473 770,784 946,179 22.8 
Cargo carried, lbs x 10 3 169,203 216,811 271,242 25.1 
Mail carried, lbs x 10 3 164,682 108,597 71,395 -34.3 
Average trip distance, miles 105 106 111 4.7 

aA commuter operator is defined as an operator of small aircraft (up to 
30 seats and a 7,500 lb payload) performing at least five scheduled 
round trips per week between two or more points or carrying mail. 

Source: Civil Aeronautics Board, Cormruter Air Carrier Traffic 
Statistics, Washington, D.C., 1976 and 1977 editions. 
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Table 1. 89 Activea Registered United States Civil 

Aircraft as of December 31, 1965 through 1976 

Active registered civil aircraft 

General aviation aircraft 

Year Total Fixed-wing aircraft 

Total air b Single-engine Rotor- d carrier Total Multi- craft0 Other 

engine 4-seat 3-seat 
& over & less 

1965 97,741 2,299 95,442 11,977 49,789 31,364 1,503 809 
1970 134,539 2,796 131,743 18,291 64,759 44,884 2,555 1,554 
1975 171,156 2,681 168,475 24,559 82,621 54,390 4,073 2,832 
1976 180,854 2,550 178,304 25,684 88,211 56,730 4,505 3,174 

aPrior to 1970 this categroy was defined as Eligible Aircraft. These numbers 
represent a count of the total registered U.S. civil fleet. 

blncludes helicopters. 

0 rncludes autogiros; excludes air carrier helicopters. 

d Includes gliders, blimps, balloons, and dirigibles. 

Table 1. 90 
by Type 

Estimated Hours Flown in Active General Aviation 
of Flying, Calendar Years 1965 through 1976 

Actual Use 
(10 3 hr) 

Total Business Commercial Instructional Personal Other 
Year estimated 

hours Hours % Hours % Hours % Hours % Hours 

1965 16,733 5,857 35 3,348 20 3,346 20 4,016 24 166 
1970 26,030 7,204 28 4,582 18 6,791 26 6,896 26 557 
1975 34,165 9,545 28 6,480 19 8,174 24 9,244 27 722 
1976 36,128 10,095 28 7,029 19 8,591 24 9,768 27 645 

Note: "Business" includes business and executive; "commercial" includes air taxi, 
aerial application, and industrial/special; and "instructional" includes 
training and rental. 

Sources: B. V. Cayce, U.S. Department of Transportation, Federal Aviation 
Administration, FAA Statistiaal Handbook of Aviation, Washington, D.C., 
December 1975, pp. 102 and 104; 1976 data: C. Moles and V. Wimbush, 
FAA Statistiaal Handbook of Aviation, Washington, D.C., December 1976, 
pp. 114 and 116. 
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Table 1. 91 
Estimated Miles Flown in Active General Aviation by Type of Flying, 1965 through 1976 

(thousands of miles) 

Estimated Business Commercial Instructional Personal Other 
total miles 

flown Miles % Miles % Miles % Miles % Miles % 

1965 2,562,380 1,204,321 47 461,228 18 358,733 14 512,476 20 25,662 1 
1970 3,207,127 1,134,279 35 554,683 17 686,152 22 753,434 24 78,579 2 
1973 3,728,534 1,343,723 36 688,402 18 777,868 21 825,099 22 93,492 3 
1974 4,042,700 1,433,276 35 789,695 20 815,543 20 919,587 23 84,599 2 
1975 4,238,400 1,486,876 35 818,065 19 829,362 20 1,008,276 24 95,821 2 
1976 4,476,014 1,562,939 35 885,021 20 873,025 20 1,068,114 24 86,915 2 

Note: "Business" includes business and executive; "commercial" includes air taxi, aerial 
application, and industrial/special; and "instructional" includes training and rental. 

Sources: U.S. Department of Transportation, Federal Aviation Administration, FAA Statistical 
Handbook of Aviation, Washington, D.C., December 1974, p. 104; C. Moles and V. Wimbush, 
FAA Statistical Handbook of Aviation, Washington, D.C., December 1976, p. 116. 
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Table 1.92 
Distribution of General Aviation Aircraft and Average Hours Flown by Type of 

Aircraft and Primary Use of Owner, 1976 
(parentheses indicate percentages) 

Estimated Executive Business Personal Aerial Instructional Air taxi Industrial Rental total, active 

Fixed-wing, total 170,625 9,482 37,182 84,697 7,183 12,769 5,815 1,874 8,579 
(95. 7) 

Piston aircraft, total 166,201 6,182 36,925 84,650 7,178 12,745 5,291 1,854 8,548 
(93. 2) 

Single-engine 144,881 1,612 28,484 81,462 6,824 12,177 2,327 1,585 8,078 
Multiengine 21,320 4,570 8,441 3,188 354 56.8 2,964 269 470 

Turboprop, total 2,486 1,781 194 34 3 7 347 15 20 
(1.4) 

Single-engine 30 3 2 3 2 5 1 
lttltiengine 2,456 1,778 192 31 3 5 342 15 19 

Turbojet, total 1,938 1,519 63 13 2 17 177 5 11 
(1. 1) 

Single-engine 30 5 2 4 
Multiengine 1,908 1,519 58 11 2 17 177 1 11 

Rotary wing, total 4,505 580 388 472 643 296 974 809 41 
(2.5) 

Piston, total 2,753 129 295 460 579 281 182 606 28 
Turbine, total 1,752 451 93 12 64 15 792 203 13 

Miscellaneous, total 3,174 18 186 2,160 24 301 2 12 217 
(1.8) 

Glider 2,345 9 40 1,681 17 237 2 213 
Ballon 824 8 146 479 7 64 2 6 4 
Blimp/dirigible 5 1 4 

Total, all aircraft 178,304 10,080 37,756 87,329 7,850 13,366 6,791 2,695 8,837 
(100) (5.6) (21.2) ( 49. 0) (4.4) (7.5) (3.8) (1.5) (5.0) 

Other 

3,044 

2,828 

2,332 
496 

85 

14 
71 

131 

19 
112 
302 

193 
199 
254 

146 
108 

3,600 
(2. 0) 

Source: C. Moles and V. Wimbush, U.S. Department of Transportation, Federal Aviation Administration, FAA StatistiaaZ Handbook of Aviation, 
Calendar Year 1976, Washington, D.C., December 1976, pp. 112 and 115. 
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Fig. 1.38 U.S. Railroad Right of Way. 

Stanford Research Institute, Energy Study of Railroad Freight 
Transportation, Vol. 2: Industry Description, Energy Research 
and Development Administration, Menlo Park, Calif., August 
1977, p. 25. -. 
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Fig. 1.39 Passenger Railroads in the United States. 

Source: Rand McNally, Handy Railroad Atlas of the United States, 
Chicago, Ill., 1978, p. 3. 
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AI..TI-OUJH TI-E NLMBER OF FREIGHT CARS AND LOC(M)TIVES IN OPERATI~ HAS DECLINED OVER THE YEARS., THE TOTAL 

TON-MILES TRAVELLED BY FREIGHT TRAINS HAS INCREASED. THIS IS PRIMARILY A RESULT OF AN INCREASE IN THE 

DISTANCE OF TI-IE AVERAGE HAUL PERT~ AND AN INCREASE IN THE AVERAGE T~S PER CAR LOAD CARRIED BY FREIGHT 

TRAINS, 

Table 1. 93 
Summary Statistics for Freight Trains. 1950 through 1977 

1950 1960 1970 1975 1976 1977 

Stocks 
Freight cars 2,008,761 1,965,486 1,784,181 1,723,605 1,699,027 1,666,533 

Class 1, % 85.7 84.4 79.8 78.9 78.4 77.2 
Locomotives 40,494 29,080 27,086 28,210 27,609 27,680 

Diesel electric units,% 34.7 98.9 98.9 98.7 98.9 99.1 

Cars per average train 59.0 69.6 70 . 0 68.6 67.1 67.2 

Operations 
767,479a 8ll,066a Total ton-miles, 106 621,305 585,648 777,091 NA 

Revenue, % 94.7 97.7 98.4 98.3 97.9 NA 
Average haul per ton, miles 416 442 490 518 540 568 
Freight train-miles, 103 514,971 404,464 427,065 402,557 424,571 428,039 

Freight car-miles, 10 6 29,784 28,170 29,890 27,565 28,530 28,757 
% loaded 68.9 61.4 57 .8 54.7 55.4 56.8b 

Average carload, tons 41.0 44.4 54.9 60.8 61.0 61.1 
Average revenue per ton-mile, cents 1.3 1.4 1.4 2.0 2.2 2.3 

aPreliminary figures. 

bE . st1mate 

NA - not available. 

I-' 
I 
I-' 
.i:,. 
00 

Sources: Association of American Railroads, Statistics of Class I Railroads in U.S., Washington, D.C., 
December 1977; Association of American Railroads, Yearbook of Railroad Facts, 1977 edition, 
Washington, D.C., 1977. D 
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THERE HAS BEEN A TREtlENOOUS DECREASE IN THE Nl."1BER OF PASSENGER CARS IN OPERATIOO SINCE 1950i 
APPROXIMATELY 9,8% OF THE NLMBER OF PASSENGER CARS IN OPERATIOO IN 1950 WERE IN OPERATION IN 1977. 
THERE HAS ALSO BEEN A SUBSTANTIAL DECREASE IN THE Nt.1'1BER OF PASSENGER-MILES AND SEAT-MILES TRAVELLED 
BY PASSENGER TRAINS, 

HorlEVERJ THERE HAS BEEN A SHIFT IN THE PERCENTAGE OF PASSENGER-MILES TRAVELLED BY Ca«JTATIOO AND 
INTERCITY PASSENGERS, IN 195CL 84.3% OF ALL PASSENGER-MILES WERE INTERCITY TRAVELJ 'fMILE 15,7% WERE 
CCM-1UTATICJ-J TRAVEL, BY 1977 THE PERCENTAGES HAD CHANGED TO 55,4% INTERCITY AND 44,6% CCM-1UTATION, 
AT THE SAME TIME THE AVERAGE REVENUE PER PASSENGER-MILE HAS INCREASED BY 120% SINCE 1950, 

Table 1.94 Summary Statistics for Passenger Trains, 1950 through 1977 

1950 1960 1970 1975 1976 1977 

Stocks 
Passenger cars 37,146 25,655 11,177 6,471 5,478 3,406 

Amtrak,% 29.6 37.6 59.2 
Load factora 24.6 29.8 36.7 43.0 33.0 NA 

Operations 
Revenue passenger-miles, 106 31,760 21,258 10,740 9,935 10,304 10,298 

Commutation,% 15.7 19.7 42.7 45.4 44.3 44.6 
Intercity,% 84.3 80.3 57.3 54.6 55.7 55.4 

Total seat-miles, 106 129,030 71,409 29,253 23,141 31,161 NA 
Average journey per passenger, miles 65.32 65.23 37.83 36.88 37.93 NA 

Commutation, % 17.99 20.67 22.28 23.15 23.09 NA 
Intercity,% 128.08 139 .11 79.34 73.51 74.44 NA 

Average revenue per passenger-mile, cents 2.6 3.0 3.9 5.4 5.7 5.7 

NA - not available 

aLoad Factor is the percent capacity utilized. It is determined by dividing either the 
average number of passengers per unit by the average number of seats per unit or by dividing 
total passenger-miles by the total seat-miles. 

Sources: Association of American Railroads, Statistios of Class I Railroads in U.S., 
Washington, D.C., 1977; Transportation Association of America, Transportation Faots 
and Trends,14th edition, Washington D.C., April 1978. 
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THERE HAS BEEN A DECREASE IN THE NLMBER OF CARS LOADED FOR CLASS I RAILROADS WITH 22,5% FEWER CARS 

BEING LOADED IN 1976 THAN IN lsaJ. TI-E COAL CQMYODITY GROlP ACCOlM'ED FOR 20% OF ALL LOADED CARS IN 

1976. 

Cars loaded 
Year 

Total Piggyback 

1960 30,441 554 
1965 29,248 1,034 
1968 28,253 1,337 
1969 28,237 1,344 
1970 27,160 1,257 
1971 25,266 1,199 
1972 26,105 1,331 
1973 27,338 1,535 

1974 26,184 1,512 
1975 23,217 1,221 
1976 23,638 1,409 

aNot elsewhere classified. 

bExcept furniture. 

Table 1. 95 
Class I Railroad Cars of Revenue Freight Loaded, 
1960 through 1976, and by Commodity Group, 1976 

(103) 

Commodity group 

Coal 
Metallic ores 
Chemicals and allied products 
Grain 
Motor vehicles and equipment 
Primary forest products 
Pulp, paper, and allied products 
Food and kindred products, n.e.c.a 

Crushed stone, gravel, and sand 
Grain mill products 
Metals and products 

Number, 
1976 

4,699 
1,673 
1,382 
1,326 
1,229 
1,134 
1,101 
1,058 

1,035 
1,010 

970 

Commodity group 

Stone, clay, and glass products 
Waste and scrap materials a 
Nonmetallic minerals, n.e.c. ab 
Lumber and wood products, n.e.c. , 
Farm products, except grain 
Forwarder and shipper association 

traffic 

Petroleum products 
Coke 
Less than carload 
All other carloads 

Number, 
1976 

943 
693 
689 
670 
428 

422 

371 
364 

20 
2,419 

Source: U.S. Bureau of the Census, Statistical Abstract of the United States: 1977 (98th edition) Washington, D.C., 

1977, p. 650. (Taken from Association of American Railroads, Washington, D.C., Cars of Revenue Freight 
Loaded, annual.) 
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Table 1.96 
Number of Vessels Operated for the Transportation of Freight on 

American Waterways, 1970 through 1976a 

Types of vessels 

Self-propelled 

Towboats and tugs 
Number of vessels 
Total horsepower 

Non-self-propelled 

Dry cargo barges and scows 
Number of vessels 
Cargo capacity, net tons 

Tank barges 
Number of vessels 
Cargo capacity, net tons 

Total non-self-propelled 
Number of vessels 
Cargo capacity, net tons 

Total vessels 

1970 

4,230 
3,955,001 

16,439 
18,272,014 

3,185 
6,330,298 

19,624 
24,602,312 

23,854 

aFrom Corps of Engineers, U.S. Army. 

1971 1972 

4,059 4,064 
4,217,064 4,447,953 

17,527 18,804 
19,710,605 21,342,522 

3,420 3,313 
7,486,718 7,408,906 

20,947 22,117 
27,197,323 28,751,428 

25,006 26,181 

1973 1974 1975 1976° 

4,035° 4,100° 4,240° 4,379 
4,621,450 5,088,221 5,585,891 6,161,348 

19,772 21,876 23,164 24,937 
22,647,076 25,525,996 27,135,336 29,454,921 

3,375 3,534 3,623 3,770 
7,623,498 8,201,561 8,510,016 9,519,840 

23,147 25,410 26,787 28,707 
30,270,574 33,727,557 35,645,352 38,974,761 

27,182 29,510 31,027 33,086 

% distribution, 
1976 

13.2 

86.8 

100.0 

0
Personal correspondence - Department of Army Waterborne Commerce Statistics Center, U.S. Army Engineer Division, Lower Mississippi 
Valley, New Orleans, La. Figures for 1976 were obtained through personal correspondence. 

0 u.s. Coast Guard reports 6,095 documented vessels of the United States having a service of towing in 1973, 6,111 in 1974, and 6,430 in 
1975. The vessels reported by the Corps of Engineers are those used only in the performance of transportation services. 

Source: The American Waterways Operators, 1975 Inland Waterbo:rne Corrrnerae Statistias, Arlington, Va., April 1977, pp. 2 and 3. 
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THE AVERACZE. DEAD WEIG-IT TONNAGE (00) OF THE \',ORl.D'S OCEANGOING STEAM AND r-'OTOR SHIPS INCREASED 56,7% 
FRQ\11970 TO 1976, THIS INCREASE WAS CAUSED BY THE INCREASED CARRYING CAPACITY OF TANKERS (72,J.% FOR 
ALL SHIPS AND 51.3% FOR lNITED STATES SHIPS) AND BULK CARRIERS (?6,8% FOR ALL SHIPS AND 45,5% FOR lJNITED 
STATES SHIPS), Tt-E NLMBER OF SHIPS IN CPERATION DID NOT RISE AS SHARPLYj HOEVER THE NEW SHIPS ARE 
LARGER AND SQYETlftES CARRY AS MUCH AS ThQ OR THREE st-1ALLER Ol..IER SHIPS w-tICH MAY HAVE BEEN RETIRED, 

kTUAL 00 INCREASED 119,2% FOR TANKERS AND lil,6% FOR BULK CARRIERS BECAUSE tmE OIL AND OIL PRODOCTS 
HAVE BEEN PRODLCED AND EXPORTED BY ~y PRODUCING NATIONS, IN THE CASE OF TIE l.J.JITED STATES TANKERS., 
ACID\L 00 HAS INCREASED ONLY 38,4% AND BULK CARRIERS 00 HAS IECREASED BY 31.0%, THIS IS IN AGREEt-ENT 
WITH THE l.J.JITED STATES IEPENIENCE ON FOREIGN OIL DURING THIS Tlt-E PERIOD, 

Table 1. 97 
1976a,b Oceangoing Steam and Motor Ships of 1,000 Gross Tons and Over, 1970 through 

Type of Vessel 

Total Coabination f'l,SSenaer and \:argo Freighters (includine Tankers (includina whalina Country Bulk carriers Year of legistry Gro:u Dead-wei1ht 
(including refrigerated cargo) refrigeraud) tanker) 

NWlber 
tons tons Gross Dud-weight Gross Dead -weight Gross Dead-weiaht Gross Dead-weia:ht Nwlber Number NUllber NU11ber tons ton, tons tons tons tons tons tons 

Total al I ~o>Untries 19,980 211.,01 326,999 895 7,486 4,396 11,899 67,820 92,55S 2,954 47,199 77,173 4,232 88,896 153,075 
1970 United States 1,579 15,529 21,346 171 l,S72 l, 107 1,076 8,909 11,733 38 464 767 29< 4,584 7 I 739 

Private 793 9,780 14,406 19 275 170 475 4,709 6,112 37 457 756 262 4,339 7,368 
Govern11ent 786 s, 749 6,940 152 1,297 937 601 4,200 5,621 1 7 11 32 245 371 

Total all countries 21,009 250,543 399,552 860 7,090 4,018 12,029 70,073 94,128 3,539 64,822 108,S12 4,581 108,558 192,894 
1972 United States 1,150 13 , 111 17,949 153 1,390 957 685 6,548 8,097 32 419 702 280 4, 7S4 8,193 

Private 651 9,300 U,638 12 195 109 361 4,210 S,063 32 419 702 246 4,476 7,764 
Govemaent 499 3,811 4,311 141 1, 19S ... 324 Z,.H8 3,034 0 0 0 34 278 429 

Total all i.:ountries 22,449 306,366 503,348 775 6,366 3,371 12,478 74,288 99,270 4,075 82,303 139,.267 s, 1.21 14.3,399 261,440 
1974 United States 92! 12,503 17,637 80 765 511 545 6,184 7 , 294 l9 302 534 27" 5,252 9,298 

Private 583 9,820 14,446 6 74 so 313 4,467 4,990 19 302 534 245 4,977 8,872 
Govemaent 339 2,683 3, 19 1 74 691 461 212 1,717 2,304 0 0 0 H 275 426 

Total .111 l'.ountries 22, 872 333,042 556,572 714 5,833 3,027 12,57S 75,284 101 ,248 4,272 88,194 150,080 5,311 163, 7:51 302,217 
1975 United States 857 12,301 17,694 60 59S 388 511 5,972 7 ,OSI 19 302 544 267 S,432 9, 71) 

Private 580 10,103 15,028 6 74 50 305 4,44S 4 ,9S9 19 302 544 250 5 , 282 9,475 
Govenutent 277 2,198 2,666 54 521 338 206 1,527 2 ,092 0 0 0 17 150 236 

1976C' 
Total all C?Untries 23,586 358,203 606,499 710 5,697 2,962 12,923 77,939 lO.t16J9 4,570 95,451 163,298 5 ,383 179,116 335,600 
United States 8<2 12,655 18,566 61 610 393 494 S,877 6,930 18 293 529 269 S,87S 10,714 

Private 577 10,531 16,020 6 74 50 299 4,420 4,931 18 293 529 25< 5,7,U 10,510 
Governacmt 265 2,124 2,546 55 536 343 195 1,457 1,999 0 0 0 15 131 20• 

a'E~c~udes ships operatin1 exclusivaly on the Great Lakes and inland waterways and speci al types such as channel ships, icebreakers, cable ships, etc. and merchant ships owned by any 

,.... 
I ,.... 
u, 
u, 

■1htary force. 

II bA .are disa11re1ated table of this inforaation appears in Edition II of the Transportation Enera:y Conservation Data Book. 

cSource: U.S. Oepart■ent of Co■aerce, Nari t i • Ad■inistration, ''Merchant Fleets of the World, Oceangoing Steaa and Motor Ships of 1,000 Gross Tons and Over as of Deceaber 31, 1976," 
Dece■ber 1977 • p. 2. 

Source: U.S. Oepartaent of Co.erce. Ntriti■e Adainistration, "A Statistical Analysis of the World's Merchant Fleets," Wash ington , D.C.,Annual. 
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Table 1.98 
Waterborne Commerce of the United States on U.S. 

Tons by Type of Traffic and Average Haul, 
Waterways: Ton-Miles and 

1970 through 1976 

Ton-mil e s, thousands 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
\ distribution 1976 

Tons , e thousands 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
\ d i stribution 1976 

Average haul, miles per ton 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Tota l , 
foreign and 
domestic 

658 , 951, 768 
654,763,573 
670,019,289 
666,497,867 
656,164,337 
639,450,727 
677,180,983 

100 

1,530,066 
1,510, 327 
1,614,909 
1 , 757 , 269 
1 , 74 2 ,734 
I , 692 , 182 
I , 832, 060 

100 

430.7 
433 . 5 
414 . 9 
379.3 
376.5 
377. 9 
369.9 

Total 

62,756,357 
61,599 , 920 
66,476,841 
81,806,384 
69,819,094 
73,466,504 
85,327,501 

12.6 

580,969 
565,986 
629,981 
767,394 
764,089 
748, 707 
855,964 
46. 7 

108.0 
108.8 
105. 5 
106. 6 

91. 4 
98.1 
99. 7 

Foreigna 

Great La kesb 
port s 

34 , 345,283 
33,962,302 
35 , 087,059 
41,400,030 
25,799,993 
29,944,755 
34,347,899 

40 . 3 

62,338 
59,450 
60,133 
66,758 
SI , 462 
56,882 
65,657 

7 . 7 

551.0 
571. 3 
583.S 
620.2 
501 . 3 
526 . 4 
523 . I 

Coastal" 
ports 

28,411,074 
27,637,618 
31,389,782 
40,406,354 
44,019,101 
43,521,749 
50,979,602 

59.7 

518,631 
506,536 
569 , 848 
700,636 
712, 627 
691,825 
790,307 
92 . 3 

54.8 
54.6 
55.1 
57.7 
61.8 
62.9 
64.5 

Total 

596,195,411 
593,163 , 653 
603,542,448 
584,691,48 3 
586,345,243 
565,984,223 
591,853,482 

87 .4 

949,097 
944,341 
984,928 
989,8 75 
978,645 
943 , 475 
976 , 096 
53.3 

628. 2 
628.1 
612.8 
590.7 
599 . 1 
599 . 9 
606 . 3 

Domesticd 

Coastwise Lakewise 

359, 784 , 103 
360,204,500 
351 , 508,576 
327, 649 , 175 
322,802,209 
315,845,946 
322,932,250 

54 . 6 

238 , 440 
24 2 ,916 
242,660 
236 , 795 
2H, 358 
231,932 
236,279 
24.2 

1,508.9 
1,482.8 
1,448.6 
1,383 . 7 
1,383.3 
1,361.8 
1,366.7 

79,416,394 
70,381,094 
73,131,550 
83,765,109 
78,880,393 
68,516,762 
70,684,181 

11. 9 

157,059 
140,955 
145 , 013 
156,621 
146,067 
129 , 331 
132,113 
13. 5 

505.6 
499.3 
504. 3 
534.8 
540.0 
529.8 
535.0 

Internal 

155,815 , 888 
161 , 339,284 
177,538,601 
171,890,916 
183, 202, 577 
180,399,193 
197,072 , 803 

33. 3 

472,123 
479, 218 
506 , 989 
503, 237 
511,022 
503 , 932 
523 , 973 
53 . 7 

330.0 
336. 7 
350. 2 
341.6 
358 . 5 
358 . 0 
376 . 1 

Local 

1,179,026 
1,238,775 
1,363,721 
1,396,283 
1,460,064 
1,222,322 
1,164,248 

0.2 

81,475 
81,253 
90,266 
93,223 
88,198 
78, 279 
83 , 731 
8 . 6 

14 . 5 
15 . 2 
IS. I 
14.9 
16.6 
IS. 6 
13.9 

aAII movements of U. S . and ,foreign ships between the United States and foreign countries and between Puerto Rico and Virgin Island s (U.S . A. part) and 
foreign countries are classif i ed as foreign traffic. Any traffic with the Panama Canal Zone is treated as foreign commerce . TTade between United 
States territories and possessions, that is, Guam, Wake 1 Allerican Samoa, etc ., and foreign countries is excluded. These statistics are compiled by 
the Bureau of the Census from U. S . Bureau of Customs reports . 

bBased on distances transported on Great Lakes and St . Lawrence River to International Boundary at St . Regis , Quebec, Canada . 
0

Ton-railes for coastal port s are based on distances transported on Unites States waterways fro11 entrance channels to ports and waterwa ys only . 

dStatistics are for U.S. ships on d001estic waters. 

eExcludes intraterritory traffic for which ton-miles were not compiled ; 1970, 1,630 thousand tons; 1971, 2,257 thousand tons; 1972, 1,883 thousand 
tons; 1973, 5,283 thousand tons ; 1974, 4,055 thousand tons; 1975, 2,852 thousand tons. 

Source: U.S. Department of the Army, Corps of Engineers, Wate1'borne Corrvneroe of the· United States, Part 5 - National Summaries, Vi cksburg, Miss., 
Calendar Year 1976, p. 89. 
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THE CCJ+1CDITIES IN TABLES 1.99 AND 1.100 HAVE BEEN THE TOP ITEMS SHIPPED 
IN THE UNITED STATES INLAND WATERWAYS AND ON THE GREAT L4KES SINCE 1970, 

DURING THIS TIME THE ENTIRE SHIPPING INDUSTRY HAS BEEN STABLE CONCERNING 
TONS SHIPPED AND TON-MILES (TABLE l.~). 

Table 1. 99 
Ranking of the Top 15 Commodities Shipped on the 

Inland Waterways of the United States in 1976 
Exclusive of the Great Lakes 

(domestic trade) 

Commodity % of domestic 
tons shipped 

1. Bituminous coal and lignite 21.4 
2. Residual fuel oil 12.3 
3. Sand, gravel, and crushed rock 9.6 
4. Crude petroleum 8. 7 
5. Grain and grain products 7.0 
6. Distillate fuel oil 6.8 
7. Gasoline 6.3 
8. Rafted logs a 2.8 
9. Waste and scrap, n.e.c. a 2.5 

10. Basic chemicals and products, n.e.c. 2.0 
11. Marine shells, unmanufactured 2.0 
12. Soybeans 1.8 
13. Fertilizer and fertilizer materials 1.1 
14. Iron and steel products 1.0 
15. Iron ore and concentrates 1.0 

an.e.c. - Not elsewhere classified. 

Source: The American Waterways Operators, Inc., 1976 Inland Waterborne 
Corrmerae Statistics, June, 1978, p. 7. 

Table 1.100 
Ranking of the Top 10 Commodities Shipped 

on the Great Lakes in 1976 
(domestic trade) 

Commodity % of total domestic tons 
shipped on the Great Lakes 

1. Iron ore and concentrates 
2. Limestone 
3. Coal and lignite 
4. Sand, gravel, and crushed rocks 
5. Residual fuel oil 
6. Distillate fuel oil 
7. Wheat 
8. Gasoline 
9. Nometallic minerals, n.e.c.a 

10. Gypsum, crude, and plasters 

an.e.c. - Not elsewhere classified. 

48.9 
19.6 
15.6 
2.8 
1.8 
1.5 
1.1 
1.1 
1.0 
0.7 

Source: Department of Army Corps of Engineers, Waterborne Corrmerae of 
the United States, Calenda:ro Year 1976, Part 3: Watel"bJays and 
Harbors, Great Lakes, 1977, pp. XII, XIII. 
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fuAT CLASSIFICATIO'JS WERE CHANGED IN 1976, ~N C0'1PARING DATA Fffi 1973 
<TABLE 1.101) TO DATA FCR 1976 <TABLE 1.1(12)., CARE MJST BE TAKEN TO C0'1PARE 

DATA FR0'1 IDENTICAL CLASSIFICATIO'JS, 

THE 1973 VAWES ARE NOT THE SPME AS FaJND IN CDITIO'I 2 OF THE TEC DATA 
lk!oK BECAUSE THE CoAST GUARD RE-ANALVZED TI-E 1973 DATA USING 1973 Bl.REAU 

OF THE CENSUS "POPULATION ESTIMATES (l@/ISED)," (CENSUS POPULATION DATA 

FOR 1970 WAS USED FOR THE DATA IN CDITION 2,) 

Table 1.101 
Number of Boats Used for Recreation and Length of Exposure, 1973 

Number of boats in use Boat hours Passenger hours 
Exposure 

Number of \ of \ by Boat hours \ of \ by per boat Passenger- \ of total \ by boats in use 
total category (103) total boat 

category 
(hr) hours passenger category (10 3) exposure (10') hours 

Rowboat 934 11.4 86,075 5. 6 92 215,864 4. 7 
With motor 299 3. 7 32.0 26,127 I. 7 30,4 87 68,496 1.5 31. 7 

Jonboat 182 2. 2 27,266 1.8 150 64,506 1.4 
With motor 142 I. 7 78.0 24,566 1.6 90.1 173 60,931 1.3 94.5 

Sai lhoat 536 6.6 83,828 5.4 1S5 299,402 4.9 
With motor 72 0.9 13, 4 20,403 1.3 24 ,5 283 76,321 l.6 2S.5 

Canoe 549 6. 7 83,593 S.4 1S2 183,746 3.9 
1Hth motor 73 0.9 13. 3 15,300 1.0 18.3 210 43,095 0.9 23.4 

Kayak 35 0.4 1,289 0.1 37 2,799 0.1 
Inflatable 37 o. s 1,217 0.1 33 2,420 0.1 

With motor 15 o. 2 40. 5 735 <O. l 60.4 49 l·,470 <O, l 60. 7 
Outboard 4,346 53. 2 805,237 52.0 18S 2,344,043 50. 9 
1nboard S68 7 .o 217,766 14.0 383 744,672 16. 2 
Inboard/Outboard 533 6. 5 102,034 6.6 191 379,817 8.3 
Houseboat 45 0.6 12,R76 0.8 286 62,456 1.4 
Other powerboat 39 0. S 35,334 2. 3 906 84,802 1.9 
Other 381 4. 7 93,122 6.0 244 289,709 6.3 

With mo_tor 302 3. 7 79. 3 88,076 s. 7 94.6 292 276,042 6.0 95. 3 

Total 
With motor 6,435 78.8 1,348,491 87 .o 210 4,142,225 90.0 
without motor 1. 730 21. 2 200,646 13.0 116 466,111 10.0 

Grand total 8,165 100.0 1,549,137 100.0 190 4,604,336 100.0 

Source: U.S. Coast Guard, Washington, D.C., Recreational Boating in the Continental United States in 1973 and 1976: The Nation,,ri,d£ Boati711J 
SUMJey, p. 79. 
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THE Nl."1BER OF RECREATIOOAL BOATS IN USE IN THE LiNilED STATES INCREASED 
FRCJ-18,165.,(D) IN 1973 TO ll.,322.,(D) IN 1976, THE PERCENTAGE OF r-t>TOR 
AND NCH"OTOR BOATS REMAINED Al..JIOST THE SN-E IN THIS TI~ PERIOD (78,8'% 
WITH r-t>TORS IN 1973 AND 77,2% WITH t'OTORS IN 1976), (}.JE SIGNIFICANT 
CHANGE WAS WITH RCMBOATS IN w-lICH 32,(1% OPERATED WITH t'OTORS IN 1973 
AND 62.2% OPERATED WITH t'OTORS IN 1976, PASSENGER-HOURS PER BOAT IN­
CREASED FRCJ-1564 T0.674 DURING THIS PERIOD AND BOAT-HOURS PER BOAT 
INCREASED FRCJt1189 TO 199 INDICATING K>RE PERSONS PER BOATING OUTING IN 
1976. 

Rowboat 
With motor 

Jonboat 
With motor 

Skiff 
With motor 

Dinghy 
With motor 

Other open 1 ightweight 
With motor 

Sailboat 
With motor 

Canoe 
With lllOtor 

layak 
With motor 

Inflatable boat 
With motor 

Inflatable raft 
With motor 

Noninflatable raft 
With motor 

Bowrider runabout 
Nonbowrider runabout 
Cabin cruiser 
Houseboat 
Pontoon boat 
Thrill craft 

With motor 
Other 

With motor 

Total 
With motor 
Without aotor 

Grand total 

Table 1.102 
Number of Boats Used for Recrea~ion and Length 

of Exposure, 1976 

Number of boats in use Boat hours Exposure 
Passenger hours 

Number of \ of per boat Passenger- \ of total 
\ of \ by Boat hours \ by (hr) 

boats in use total (10 3 ) 
total boat category 

hours passenger 
(10 3 ) 

category exposure (IO'J exposure 

1,482 13.1 172,399 7.6 116 389,886 5.1 
922 8,1 62.2 125,023 s.s 72.S 136 287,554 3.8 

1,149 10.1 235,931 10.4 205 523,391 6.9 
994 8.8 86.S 215,300 9.5 91.3 217 488,732 6.4 
302 2. 7 so, 369 2. 2 167 127,526 1.7 
260 2. 3 86.1 47,580 2.1 94.S 183 122,756 1.6 
119 I.I 14,477 0.6 122 36,097 o.s 

77 o. 7 64. 7 12,197 o.s 84.2 158 31,468 0.4 
1,108 9.8 279,575 12.4 252 671,579 8.8 
1,069 9.4 96.5 277,512 12.3 99.3 260 666,030 8. 7 

877 7. 7 235,289 10.4 268 749,418 9.8 
189 1.6 21.6 75,467 3.3 32.1 399 314,701 4.1 
905 8.0 110,362 s.o 122 240,345 3,1 
105 0.9 11.6 9,082 0.4 8.2 87 17,529 0.2 
83 0. 7 6,581 0.3 79 7,390 0.1 

5 <0.1 6.0 21 <0.1 0.3 4 43 <0.1 
38 0.3 5,541 0.2 146 12,085 0.1 
s <O.I 13.2 258 <0.1 4. 7 52 SIS <0.1 

47 0.4 4,823 0.2 103 16,329 0.2 
1 <0.1 2.1 118 <0.1 2.4 118 470 <0.1 

19 0.2 1,869 0.1 98 5,645 0.1 
12 0.1 63. 2 1,351 0.1 72.3 113 4,608 0.1 

1,689 14.9 329,099 14.6 195 I, 213,654 15.9 
1,486 13.1 237,424 12.1 184 885,894 11.6 

529 4. 7 173,147 7. 7 327 1,052,702 13.8 
47 0.4 19,049 0.8 405 125,915 1.7 

126 1.1 25,981 I.I 206 143,416 1.9 
165 1.5 45,584 2.0 276 177,980 2.3 
157 1.4 95.2 45,451 2.0 99.7 289 177,715 2,3 

I, 151 10.2 272,134 12.0 236 1,256,094 16.4 
1,067 9.4 92. 7 262,482 11.6 96.4 246 1,238,915 16.2 

8,740 77.2 1,892,532 83.9 216 6,772,618 88. 7 
2,582 22.8 363,092 16. I 141 862,628 11.3 

11,322 100.0 2,255,624 100.0 199 7,635,246 100,0 

\ by 
category 

73.8 

93.4 

96.3 

87 .2 

99.2 

42.0 

7 .3 

0.6 

4,3 

2.9 

81.6 

99.9 

98,6 

al970 census data was used to estimate the nU11ber of boats in use when the Coast Guard conducted their Nationwide Boating Survey in 1973. 
In the 1976 edition of the Nationwide Boatina: Survey, the 1973 data were reevaluated using 1973 census data. Therefore the data in 1973 
is revised froa Edition II of the Transportation Energy Conservation Data Book. 

Most 1973 and 1976 data cannot be coapared because the survey changed the definitions of saae types of boats. Coaparisons can be aade only 
with identical types (rowboat, jonboat, sailboat, canoe, kayak, and houseboat). 

Source: U.S. Coast Guard, Washington, D.C., R•aNational Boating in the Conti,.,.,.tal /Jni,ud Statee in 19?3 and 1978: The Nat~ Boating 
Sla-iley, March, 1978, Page: 80. 
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Table 1.103 
Classification of Pleasure Boats by Type 

and Horsepower, 1976 
(103) 

Horsepower 
Totala Type 

None 1-5 6-10 11-30 31-50 51-100 Over 100 

Rowboat 674 405 458 136 54b 2i gh 1,757 
Skiff 63 46 59 82 63b 40 2 355 
Dinghy 46 34 40 6 7 

2i 49b 
133 

Jonboat 186 251 333 318 98 1,261 
Other open 14i Lightweight 72 175 269 243 245 136 1,284 
Sailboat 794 56 90 41 4b 6b 1 992 
Canoe 875 79 24 2b 4 1 985 
Kayak 84 5 89 
Bowrider 

31b Runabout so 75 170 447 639 450 1,862 
Non-Bowrider 

1i Runabout 29b 61b 92 490 507 509 1,701 
Cabin cruiser 6 6 4 13 121 414 564 
Houseboat 4 8 35 47 
Inflatable boat 33 5 38 
Inflatable 58 1 59 
Non-inflatable 

Raft 7 11 1 19 
Pontoon boat 7 13 53 37 15 6 131 
Thrill craft 7 1 1 6 28 40 92 175 
Other 105 63 133 124 227 306 340 1,298 
Total 3,048 1,208 1,562 1,293 1,721 1,867 2,051 12,750 

% of total 23.9 9.5 12.3 10.1 13.5 14.6 16.1 100.0 

aincludes boats not in use. 

bThe survey doubts the accuracy of these figures because of a misunderstanding of 
the question or the transfer of incorrect data. 

Source: u. s. Coast Guard, Recreational Boating in the Continental U.S. in 1975 & 
1976: The Natioravide Boating Su:rvey, Washington, D.C., March 1978, pp. 23, 26. 
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Tt-E CHANGE IN TIE PERCENTAGE OF PLEASlRE BOATS BY HCRSEPCMER CATEGCRIES 
WAS INSIGNIFICANT FR0'11973 TO 1976, (SEE TABLE 1.103.) Tl-ERE ~s., 
1-!0fEVER., A LARGE SHIFT FROM 1-EAVIER KXJD AND STEEL :OOATS (20.8% IN 1973., 
15% IN 1976) TO LIGITER ALL"11Nl."1 AND FIBERGLASS BOATS (75.3% IN 1973., 
81. 4% IN 1976). THIS SHI FT WAS EVEN f/OOE DRAMl\TI C FRQ\1 1970 TO 19n, 
IN 1970., 31,4% OF ALL PLEASURE BOATS WERE \()OD AND STEEL., 65,5% WERE 
ALL"11Nl."1 AND FIBERGLASS, Bv 19n TI-ESE RESPECTIVE PERCENTAGES WERE 13,6 
AND 83,6,* 

Table 1.104 
Hull Material by Length, 

(103) 
1976 

Hull material Under 16 ft 16-25 ft 26-39 ft 40-65 ft Over 65 ft 

Aluminum 3,266 937 13 2 
Fiberglass 2,259 3,143 153 35 3 
Steel 111 54 13 1 
Wood b 521 516 195 30 3 
Other 310 69 15 
Combination 530 538 29 4 
Total 6,997 5,257 418 70 8 

% of Total 54.9 41.2 3.3 0.5 <0.1 

alncludes boats not in use. 
b Includes canvas, ferrocement, rigid plastic, and rubber hulls among others. 

Totala 

4,218 
5,593 

179 
1,265 

394 
1,101 

12,750 
100 

Source: Depa:tment of Transportation, U.S. Coast Guard, Boating Statistics 1977, 
Washington, D.C., May 1, 1978, p. 29. 

* Department of Transportation, U.S. Coast Guard Boating Statistias 1974 
May 1, 1975 and Boating Statistics 1977, May 1: 1978. ' 

t 
U.S. Coast Guard, Recreational Boating in the Continental United States 
in 1975 and 1976: The National Boating BUPVey, Washington, D.C., 
March 1978. 
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Table 1.105 Financial Profile of ICC-Regulateda Oil 
Pipeline Companies, 1974 through 1976 

1974 1975 1976 

Number of reporting companies 103 104 111 
Total employees, average 15,222 15,108 15,270 
Condensed income statement, $106 

Operating revenues 1,587.1 1,873.5 2,137.1 
Operating expenses 942.6 1,037.8 1,145.7 
Net operating income 644.5 835.7 991.4 
Federal income taxes on 
ordinary income 147.7 290.3 317.8 

Ordinary income 348.2 455.9 594.1 
Net extraordinary items 4.2 1.2 0.7 
Net income 352.3 457.1 594.9 

Net investment in property 
plus working capital 5,380.6 7,681.8 10,060.8 

Shareholders equity 2,245.7 2,143.8 2,287.2 

Return on investment,% 11.98 10.88 9.85 

a In 1975, ICC-regulated pipeline companies accounted for 84.4% of all 
oil pipeline ton-miles carried. 

Source: Interstate Conunerce Conunission, 1977 AnnuaZ Report, GPO stock 
number 026-000-01096-9, Washington, D.C. 
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Table 1.106 Crude and Product Pipeline Trunk Mileages 
by Pipe Diameter, 1971 and 1977a 

Nominal Miles of Miles of 

pipeline diameter crude pipelines product pipelines 

(in.) 1971 1977 1971 1977 

2 84 125 
3 479 468 702 630 
4 3,090 3,260 2. 771 2,895 
6 9,435 9,518 16,732 17,565 
8 19,269 19,303 25,634 27,193 

10 11. 867 11,358 9,785 11,958 
12 10,106 10,156 8,732 9,394 
14 571 589 2,441 2,817 
16 5,630 5,975 1,603 2,077 
18 2,002 2,059 919 1,202 
20 5,040 5,251 907 1,238 
22 2,664 3,059 9 9 
24 1,504 2,256 131 566 
26 1,039 1,069 217 287 
28 177 597 
30 938 2,006 300 520 
32 288 288 
34 792 785 233 
36 2 134 1,058 1,519 
40 634 527 183 
42 4 4 
48 0 111 

Total 75,066 77,972 72,406 81,296 

of January 1 of given year. 

Sources: U.S. Department of the Interior, Bureau of Mines, MineraZ 
Industry Surveys: Crude OiZ and Produat PipeZines, December 
1971; Department of Energy, Energy Information 
Administration, Crude Oil and Produat Pipelines Triennial, 
December 1977, p. 2. 
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A LARGE Mt\JORITY OF ALL OOMESTIC CRUDE OIL t'OVEMENTS ARE BY PIPELINES, 
IN 1976 OVER l3'/o OF ALL CRUDE OIL TONS AND OVER 88% OF ALL CRUDE OIL 
TON-MILES WERE CARRIED BY PIPELINES, THE DIFFERENCE BElWEEN THESE 
PERCENTAGES INDICATES THAT THE AVERAGE LENGTH OF HAUL BY PIPELINES WAS 
SUBSTANTIALLY LONGER THAN FOR OTHER t'ODES, 

1953 
1958 
1963 
1968 
1972 
1973 
1974 
1975 
1976 

Source: 

Table 1.107 Domestic Crude Oil Movements by 
Pipelines, 1953 through 1976 

Tons carried % of all Ton-miles % of all by crude oil carried by crude oil pipelines tons carried pipelines ton-miles (106) (109) 

283.38 75.2 
307.06 76.4 
351.88 75.2 
425.84 74.1 
487.61 75.8 284.5 78.6 
492.38 76.9 302 83.1 
464.27 74.8 303 84.4 
454.69 74.3 288 86.9 
458.51 75.3 308 88.3 

Association of Oil Pipe Lines, press release, June 19, 1978. 
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THE PERCENTAGE SI-AAE OF ALL PETROLELM PRODLCTS TONS CARRIED BY 
PIPELINES HAS BEEN STEADILY INCREASING, FR0'11953 TO 1972 A LARGE 
PORTION OF THIS INCREASE WAS DUE TO A f/ODAL SHIFT FRQ\1 WATER CARRIERS 
TO PIPELINES, THE INCREASES SINCE THEN HAVE BEEN PRE00'1INANTLY FRQ\1 
PRODUCTS PREVIOUSLY CARRIED BY f/OTOR CARRIERS, f!t..so, THE AVERAGE 
LENGTH OF HAUL BY PIPELINES IS LONGER THAN BY OTHER flODES, 

1953 
1958 
1963 
1968 
1972 
1973 
1974 
1975 
1976 

Source: 

Table 1.108 Domestic Petroleum Products Movements 
by Pipelines, 1953 through 1976 

Tons carried % of all Ton-miles % of all by petroleum products carried by petroleum products pipelines pipelines 
(106) tons carried (106) ton-miles 

75.76 15.6 
125.97 20.5 
169.27 23.3 
300.61 30.4 
388.64 32.4 191.3 40.1 
419.83 32.7 205 42.7 
420.38 33.5 203 41.5 
424.76 34.8 219 42.5 
475.60 35.6 215 40.8 

Association of Oil Pipelines, press release, June 19, 1978. 
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Table 1.109 Detailed Breakdown of Petroleum Products 
Carried by Pipelines, 1975 and 1976 

(10 6 bbl) 

Turned into lines 
Gasoline, total 

Motor 
Aviation 

Jet fuel, total 
Naphta-type 
Kerosine-type 

Kerosine 
Distillate fuel oil 
Residual fuel oil 
Natural gas liquids 
Other 

Delivered from lines 
Gasoline, total 

Motor 
Aviation 

Jet fuel, total 
Naphta-type 
Kero sine-type 

Kerosine 
Distillate fuel oil 
Residual fuel oil 
Natural gas liquids 
Other 

Stocks in lines and working 
tanks at end of year 
Gasoline, total 

Motor 
Aviation 

Jet fuel, total 
Naphta-type 
Kero sine-type 

Kerosine 
Distillate fuel oil 
Natural gas liquids 

1975 

1,822.8 
1,819.0 

3.8 
259.6 
34.0 

225.5 
30.9 

667.1 

504.7 

1,821.1 
1,817.2 

3.9 
256.1 
34.1 

222.0 
29.7 

668.0 

497.3 

48.5 
48.3 
0.2 
6.4 
0.8 
5.6 
1.8 

32.7 
20.9 

1976 

2,003.2 
1,998.8 

4.4 
323.2 
43.0 

280.2 
30.4 

745.3 
2.7 

567.1 
0.3 

2,010.8 
2,006.5 

4.3 
318.4 
42.6 

275.8 
29.4 

751.0 
2.7 

549.5 
0.3 

47.9 
47.9 
0.1 
7.7 
1.3 
6.4 
1.7 

29.6 
32.6 

Source: Energy Information Administration, Energy Data Reports, 
PetroZewn Statement, AnnuaZ 1976, Washington, D.C., 1978. 
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BECAUSE ALL NATURAL GAS IS GATHERED, TRANSPORTED, AND DISTRIBUTED BY 
PIPELINES, PRODUCTION AND CONSUMPTION STATISTICS ARE SYNONOOUS WITH 
TRANSPORTATION STATISTICS, 

Table 1.110 Natural Gas Profile, 1974 through 1976 
(10 3 ft 3

) 

Supply 
Marketed production 
Withdrawn from storage 
Imports 
Total 

Disposition 
Delivered to consumers 

Residential 
Commercial 
Industrial 
Electric utilities 
Other 

Extraction loss 
Lease and plant fuel 
Pipeline fuel 

Total consumption 
Exports 
Stored 
Unaccounted for 
Total 

Total interstate movements 
Average wellhead value, ¢/10 3 ft 3 

1974 

21,600 
1,701 

959 
24,260 

19,077 

887 
1,477 

668 
22,111 

77 
1,784 

289 
24,260 

NA 
30.4 

1975 

20,109 
1,760 

953 
22,821 

17,558 
4,924 
2,268 
6,979 
3,147 

240 
872 

1,396 
583 

20,410 
73 

2,104 
235 

22,821 
11,317 

44.5 

1976 

19,952 
1,921 

964 
22,837 

17,764 
5,051 
2,383 
6,967 
3,078 

285 
854 

1,634 
548 

20,801 
65 

1,756 
216 

22,837 
10,850 

58.0 

Sources: Energy Information Administration, Energy Data Reports, 
Natu:Pal Gas, Annual, 1976, Washington, D.C., February 1978, 
Bureau of Mines, Mineral Industry Surveys, Natu:Pal Gas, 
Annual, Washington, D.C., 1974 and 1975. 
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Table 1.111 Gas Utility Industry Miles of Pipeline 
and Main by Type, 1950 through 1976a 

(103) 

Total Field and Transmission Distribution 
gathering pipeline main 

1950 387.5 32.8 113.1 241.6 
1955 496.7 45.7 145.9 305.1 
1960 630.9 55,8 183.7 391.4 
1965 767.5 61. 7 211.3 494.5 
1970 913.3 66.3 252.2 594.8 
1971 931.4 66.2 254.8 610.4 
1972 948.1 66.9 258.1 623.1 
1973 962.9 65.9 263.1 633.8 
1974 974.1 66.4 262.2 645.6 
1975 980.0 68.5 262.6 648.9 
1976 987.7 70.3 258.2 659.1 

Steel 
0 

876.1 70.1 254.7 551.3 
Plastic 47.2 0.1 1.8 45.4 
Other 64.3 0.1 1.8 62.4 

a!ncludes data for Hawaii subsequent to 1959 and Alaska subsequent to 
1960; excludes service pipe. Data not adjusted in common diameter 
equivalent. Mileage shown as of end of each year. 

b!ncludes 3.6 thousand miles of underground storage pipe in 1971, 
3.3 thousand miles in 1972, 3.4 thousand miles in 1973, 4.9 thousand 
miles in 1974, 5.0 thousand miles in 1975, and 5.3 thousand miles in 
1976, some of which was formerly included in field and gathering pipe. 

0 rncludes fiberglass. 

Source: American Gas Association, Department of Statistics, Gas Faats, 
Arlington, Va., 1977, p. 53. 
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Energy Characteristics 

Of prime importance to the consideration of energy conservation 

measures is basic data on energy intensity and energy efficiency. In 

the transportation sector, a knowledge of how much energy is being used 

by each mode and what percentage of it is finally converted into useful 

work is fundamental to the understanding of energy-use patterns and to 

the formulation of conservation strategies. 

Chapter 2 presents statistics on energy use in absolute terms and 

also in terms of the efficiency of its use. Although the total energy 

picture is considered, emphasis is centered on the transportation sector 

which, with its near total reliance on petroleum as an energy source 

accounted for 54% of total U.S. petroleum consumption in 1977. The 

importance of the transportation sector is further accentuated when one 

considers that in 1977 the United States produced only 45% of its 

petroleum needs. 

In Sect. 2.1 statistics are presented on the total gross energy 

use by consuming sectors and by major sources. The section is organized 

from the macro the micro level beginning with U.S. energy resource 

production and consumption and moving to the energy resource consumption 

breakdown in the individual sectors of the United States transportation 

system. 

In terms of energy use, the transportation sector is dominated by 

the passenger car, which uses 52% of all transportation energy and 67% 

of the highway energy. Although these percentages declined in recent 

years, private automobiles still account for 13% of the total U.S. energy 

use. 
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Section 2.2 deals with the energy intensity and efficiency of the 

transportation modes. Given the available operational data, it is 

possible to derive values for the productive output per unit of energy 

used or the energy use per unit productive output for most of the 

transportation modes. Such values are commonly referred to as energy 

efficiency and intensity estimates, respectively, and have been the 

subject of several special studies undertaken through Oak Ridge National 

Laboratory in the recent past. 

the findings of these studies. 

Presented in Section 2.2 is a summary of 

In reading the material the user should 

be aware that this section represents a summary of these much larger 

studies and consequently a substantial number of caveats, explanations, 

and detailed analyses have been left out. The interested reader is 

referred to the source studies. 
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Table 2.1 
U.S. Energy Production by Major Source, 1950 through 1977 

1950 1960 1965 1970 1974 1975 1976 1977a 1977 % increase 
(%) since 1970 

Coal 
106 short tons 560.4 434.3 527.0 612.7 610.0 654.6 684.9 694.7 13.4 
1012 Btuc 14,647 11,140 13,395 15,248 14,487 15,394 15,868 15,924 26.4 4.4 d Natural gas 
109 cubic feet 6,262 12,771 16,040 21,921 21,601 20,109 19,952 19,942 -9.0 
1012 Btuc 6,841 14,135 17,652 24,154 23,696 22,019 21,827 21,817 36.2 -9.7 

Petroleume 
106 bbl 1,974 2,575 2,849 3,517 3,203 3,057 2,976 2,999 -14.7 
10 12 Btuc 11,449 14,935 16,524 20,402 18,575 17,730 17,263 17,395 28.9 -14.7 

Hydropower 
I',.) 

109 kWhr 95.5 145.5 193.9 247.1 301.0 300.0 283.7 220.4 -10.8 I 1012 Btuc 1,340 1,566 7,027 2,593 3,143 3,122 2,952 2,293 3.8 -11.6 -..J 

Nuclear power 
109 kWhr 0.5 3.7 21.8 114.0 172.5 191.1 250.9 1,050.9 
1012 Btuc 5 39 232 1,215 1,839 2,037 2,675 4.4 1,053.0 

Geothermal 
109 kWhr 0.5 2.5 3.2 3.6 3.6 620.0 
1012 Btuc 11 54 69 78 78 0.1 609.1 

Total 34,277 41,781 49,637 62,640 61,170 60,173 60,025 60,182 100.0 -3.9 

aPreliminary. 

0 blncludes anthracite coal, bituminous coal, and lignite. co· 
cSee special table of Btu conversion factors in appendix. ;::;: 

N. 
co 

dlncludes natural gas liquids. 0. 
rr 
'< 

elncludes lease condensate. CJ Source: Energy Information Administration, Annuat Report to Congress -Statistics and Trends of Energy Suppty, Demand, 0 
0 

and Prices, Washington, D.C., May 1978, p. 3. 
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Table 2.2 
U.S. Energy Use By Major Source, 1950 through 1977 

1950 1960 1965 1970 1974 1975 1976 1977a 1977 % increase 
(%) since 1970 

Coal 
106 short tons 494 398 472 524 558 562 604 625 19.3 
1012 Btu0 12,913 10,140 11,908 12,698 12,889 12,814 13,748 14,117 18.6 11.2 d Natural gas 
109 cubi~ feet 5,942 12,269 15,598 21,367 21,223 19,538 19,946 19,228 -10.0 
1012 Btu 6,150 12,699 16,098 22,029 21,732 19,948 20,344 19,613 25.9 -11.0 

Petroleume 
106 bbl 2,375 3,611 4,202 5,365 6,078 5,958 6,391 6,724 25.3 
1012 Btu0 13,489 20,067 23,241 29,537 33,468 32,742 35,086 36,956 48.7 25.1 

Hydropower N 
109 kWhr 97.7 150.0 193.9 249.1 313.7 306.2 292.3 230.3 -7.5 I 

1012 Btu0 00 
1,371 1,614 2,027 2,614 3,276 3,186 3,042 2,397 3.2 -8.3 

Nuclear power 
109 kWhr 0.5 3.7 21.8 114.0 172.5 191.1 250.9 1,050.9 
1012 Btuc 5 39 232 1,215 1,839 2,037 2,675 3.5 1,053.0 

Geothermal 
109 kWhr 0.5 2.5 3.2 3.6 3.6 620.0 
1012 Btu0 

11 54 69 78 78 0.1 609.1 
Total 33,923 44,525 53,313 67,121 72,634 70,598 74,372 75,836 100.0 13.0 

ap 1 · . 
0 

re 1m1nary. 
cci" blncludes anthracite, bituminous coal, lignite, and net imports of coke. ;:::;: 
N. 0 see table of Btu conversion factors in this section. (1) 
0.. 

d O" 
'< See special table of Btu conversion factors in appendix. 

CJ elncludes domestically produced crude oil, natural gas liquids, and condensate, plus imported crude oil and products. 
0 Source: Energy Information Administration, Annual Report to Congress -Statistics and Trends of Energy Supply, Demand, a and Pr-ices, Washington, D.C., May 1978, p. 5. 
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Table 2.3 
Ratio of U.S. Energy Resource Production to Consumption 

by Major Sourcesa, 1950 through 1977 

1950 1960 1965 1970 1974 1975 1976 1977b 

Coala 
d 1.13 1.09 1.12 1.17 1.09 1.16 1.13 1.11 

Natural g!s 1.05 1.04 1.03 1.02 1.02 1.03 1.00 1.04 
Petroleum 0.83 0. 71 0.68 0.66 0.53 0.51 0.47 0.45 
Hydropower 0.98 0.97 1.00 0.99 0.96 0.98 0.97 0.96 
Total 1.01 0.94 0.93 0.93 0.84 0.85 0.81 0.79 

aProduction and consumption are equal for nuclear power and geothermal. 

bPreliminary. 

alncludes anthracite coal, bituminous, and lignite. 

dlncludes natural gas liquids. 

elncludes lease condensate. 

Source: Energy Information Administration, Annuat Report to Congress -
Statistias and Trends of Energy SuppZy, Demand, and Priaes, 
Washington, D.C., May 1978, pp. 3 and 5. 
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Fig. 2.1. U.S. Energy Resource Consumption. 

Source: U.S. Department of the Interior, Bureau of Mines, Minerals 
Yearbook, Washington, D.C., annual; Annual U.S. Energy Use Up 
in 19?6, Washington,D.C., March 14, 1977, p. 4; Department of 
Energy, Energy Information Administration, Annual Report to 
Congress - Statistics and Trends of Energy Supply, Derrv::,,nd, and 
Prices, Washington, D.C., May 1978. 
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Table 2.4 
Domestic Demand for Refined Petroleum Products by 

End-Use Sector, 1950 through 1977 
(10 3 bbl/day) 

1950 1960 1965 1970 1974 1975 1976 1977a 1977 % increase 
(%) since 1970 

Residential and commercia l 1,442 2, 331 2,679 3,092 2,898 2,760 2,992 3,180 17.2 
Industrial 1,224 1, 759 2,028 2,634 3, 126 2,867 3,210 3,443 18. 7 
Transpor t at ion 3,421 5,284 6,224 7,953 8,953 9,140 9 , 571 9,912 53.7 

(% of total) (53.0) (53 .9) (54 . 1) (54 .1) (53.8) (56.0) (54.8) (53 . 7) 
Electric utility 291 246 325 915 1,534 1, 420 1,510 1,708 9 . 3 
Other 80 177 256 103 142 135 178 199 Ll 
Total 6,458 9,797 11,512 14, 697 16,653 16,332 17,461 18 ,442 100.0 

aPreliminary 

Sour ce : Energy Information Adminis tration, Annuai Report t o Congress - Statis tics and Trends of Energy SuppLy, 
Demand, and Prices, Washington, D.C., May 1978, p . 35 . 
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Fig. 2.2. Domestic Demand for Refined Petroleum Products 
by End-Use Sector, 1947 through 1977. 

Source: Energy Information Administration, Annual Report to Congress 
Statistics and Trends of Energy Supply, Demand, and Prices, 
Washington, D.C., May 1978. 
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Table 2.5 
Petroleum Consumption by Major Producta and Major Consuming Sector, 1976 

Household and Industrialb Transportation Electricity 
c011111ercial generation, utilities 

106 bbl 1012 Btu 106 bbl 1012 Btu 106 bbl 1012 Btu 106 bbl 1012 Btu 

Fuel and power 943.2 5,264.4 665.6 3,883.1 3,453.4 18,569.2 559.0 3,479.3 
Liquefied gases 170.0 681.9 70.3 280.8 27.0 108 .2 
Jet fuels 358.0 2,006.7 3.0 17.0 

Naphtha type 73.2 392.5 
Kerosine type 284.7 1,614 . 2 3 .0 17.0 

Gasoline 2,561.0 13,440. 1 
Kerosine 47.4 268.8 13.8 78.2 
Distillate fuel 539.8 3,144.3 139.8 814.3 840.4 2,215.8 72.0 419 . 4 
Residual fuel 186.0 1,169.4 196.0 1,232 .3 127.0 798.4 484.0 3,042.9 
Still gas 182.0 1,092 . p 
Petroleum cgke 64.0 385 . 5 

Raw material 161.0 1,068.4 500.5 2,282 .7 27.0 163 .8 
Plant condensate 3.5 19.0 
Speci~l naphthas 30.0 157.4 
Lubes and waxss 37 . 0 220.6 27.0 163.8 
Petroleum coke 26.0 156.6 
Asphalt and road oil 161.0 1,068.4 
Petrochemical feedstock.f°fftake 

41.0 159.6 Liquified refinery gas 
Liquified petroleum g~sf,g 210.0 719.5 
Naphtha (-400 degrees) 76.5 401 . 5 
Still gas 16.5 99.0 
Miscellaneous (+400 degrees) 60 . 0 349.5 

Miscellaneous and unaccounted for 
Total 1,104.2 6,332.8 1,166.1 6,165.8 3,480.4 18,733 . 0 559.0 3,499.3 

alncludes liquified refinery gas and natural gas liquids. 

bincludes bunkers, military transportation, and all military use of distillate and residual fuel oils. 
clncludes so■e fuel and power used by raw materials industries . 

dLubricants are distributed on the basis of data fro■ the Bureau of the Census. 
elncludes portions of petroleum coke estimated to be consumed in nonfuel uses . 
[Includes ethane. 

glncludes LP gas for synthetic rubber. 

1,-ype of degrees (i . e., Farenheit or Centigrade) not given by source (ed.) . 

Miscellaneous and Total domestic 
unaccounted for product demand 

10• bbl 1012 Btu 106 bbl 1012 Btu 

11.9 72.0 5,633.1 31,268 . 0 
267.0 1,070.9 
361.0 2,023.7 

73.3 392.5 
287.7 1,631.2 

2,561.0 13,440 . 1 
61.2 347.0 

6 .2 36 .2 1,138.2 6,630.0 
5.7 35.8 998.7 6,278.8 

182.0 1,092 . 0 
64.0 385.4 

688.5 3,514.9 
3.5 19 . 0 

30.0 157.4 
64 . 0 384 . 4 
26.0 156.6 

161.0 1,068.4 

41.0 159.6 
210.0 719.5 

76.5 401.5 
16.5 99.0 
60.0 349 .5 

28.1 154 .6 28.1 154 .6 
40 . 0 226.6 6,349.7 34,937 .5 

Source: W. F. Gay, U.S. Department of Transportation, National Transportation Statistics, annual report, Cambridge, Mass . , September 1978, P· 89. 
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89.5 
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Table 2.6 
Energy Use by Source: Transportation Sector, 1950 through 1976 

Coala Petrolewif Natural gas 
Year Percent of Trillion Trillion transportation Trillion 

Btu Btu sector Btu 

1950 1,701 6,785 78.5 130 
1960 87 10,372 95.7 359 

1970 8 15,592 95.3 745 

1971 6 16,286 95.4 766 

1972 4 17,264 95.5 790 
1973 3 18,164 96.0 743 
1974 2 17,720 96.2 685 
1975 1 17,933 96.7 595 
1976d 18,733 96.9 582 

alncludes anthracite, bituminous, and lignite coals. 

b1ncludes bunkers and military transportation. 

aconsumption of natural gas by pipelines, 

dEstimated. 

a Total fossil Utility electricity Total energy 
fuels purchased input 

Trillion Trillion Trillion 
Btu Btu Btu 

8,616 24 8,640 

10,818 18 10,836 

16,345 16 16,361 

17,058 17 17,075 

18,058 17 18,075 

18,910 15 18,925 
18,407 19 18,426 

18,529 16 18,545 

19,315 16 19,331 

Sources: W. F. Gay, U.S. Department of Transportation, Energy Statistias, Washington, D.C., August 1976, p. 
the Interior, Bureau of Mines, News Release, Washington, D.C., March 14, 1977. 

Percent of total gross 
U.S. energy 
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Table 2.7 
Energy Used by Mode of Transport, 1965 through 1977 

(10 12 Btu) 

1965 1970 1974 1975 1976 

Highway a 
8,942.0 11,629.4 13,417.0 13,750.0 14,620.9 

Passenger car and taxi 6,273.4 8,203.0 9,217.7 9,497.6 9,799.8 
Motorcycles 8.6 16.9 55.9 55.9 56.1 
Buses 120.0 126.6 114. 2 119. 2 128.7 

Intercity 37.8 42. 3 27. 5 25.0 25.3 
School 31. l 37.5 41. 6 42.7 48.7 
Local 51. 1 46.8 45.1 51. 5 54. 7 

Trucks 2,540.0 3,282.9 4,029.2 4,077.3 4,636.4 
Single unit 1,687.4 2,153.8 2,639.6 2,732.5 3,114.2 
Combinations 852.4 1,129.1 1,.)89.6 1,344.8 1,522.2 

Rail 575.3 543.6 629.3 576.6 596.9 

Local rail (heavy and 
light rail) b 27.4 27 .6 30.0 30.2 29.3 

Operating railroads 547.9 543.6 599.3 546.4 567.6 
Passenger 87.2 44.8 34.4 32.2 30.3 
Freight 460.7 498.8 564. 9 514.2 537.3 

Air a 740.0 1,652.1 1,528.8 1,:;29.8 1,541.2 

General :iviation 4 7.4 100.9 115. 2 119.7 133.0 
Air carrierC 692.6 1,551.2 1,413.6 1,410.1 1,408.2 

Water d 
565.5 753.3 801. 3 851. 3 998.1 

Pipeline e 517 744.6 684.8 595.2 559.8 

Gasoline other than highway, 
water, air reported to FHWA 524.2 474.4 428.0 428 .1 472. 2 

Total 11,863.9 15,797.4 17,489.4 17,731.0 18,789.1 

aCivilian only. 

bClass I only. 

cCertificated carriers only. 

1977 

15,122.9 

10,028.2 
56.4 

132.3 
25.2 
50.2 
56.9 

4,906.0 
3,281.9 
1,624. l 

609,8 

26.2 
58:~.6 
32.4 

551.2 

1,616.9 

153.6 
1,463.2 

1,102.8 

:;c,1 .6 

237.0 

19,251.0 

dNumbers are for fuel purchased domestically. An ERDA-sponsored study done by Booz, Allen 
reports an additional 2.14 x 10 12 Btu of fuels purchased overseas in 1974 for U.S. Commerce 
purposes (see Table 2-14). 

eAn Aerospace study reports considerably higher energy consumption for pipelines: 742.1 x 

1012 Btu for natural gas pipeline in 1970 (93% of which is natural gas consumption) and 
387.4 x 10 12 Btu for oil pipeline (78% of which is electricity consumption). 

NA - Not available. 

Sources: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook, Washington, 
D.C., annual; U.S. Department of Transportation, Federal Highway Administration, 
Highi,;ay Statistics, Washington, D.C., annual; Tables MF-21 through MF-26 and 
Table VM-1, American Public Transit Association, Transit Fact Book, '75-'76 ed., 
Washington, D.C., p. 45; Interstate Commerce Commission, Transport Statistics, 
Washington, D.C., annual; Part l - Table 31, American Public Transit Association, 
Transit Fact Book, Washington, D.C., annual; p. 45; W. F. Gay, U.S. Department of 
Transportation, Transportation Systems Center, Energy Statistics, Cambridge, 
Mass., 1976, p. 117; Energy Information Administration, Energy Data Reports, 
Petrolewn Statement, Annual, Washington, D.C., Energy Information Administration, 
Annual Report to Congress, Volume III, Statistics and Trends of Energy Supply, 
Demand, and Prices, Washington, D.C., May 1978. 
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Table 2.8 
Fuel Consumption by Mode of Transportation, 

1965 through 1977 

Highwaya 

Passenger car and taxi 
Gasoline, barrels 

~lo tore ye les 
Gasoline, barrels 

Bus 
Interci tv 

Distil'iatc fuel oil, barrels 
School 

Gasoline, barrels 
Local 

Gasoline, barrels 
Distillate fuel oil, barrels 
Liquefied gases, barrels 
Electricity, kh'hr 

Trucks 

Rail 

Single unit 
Gasoline, barrels 

Combination 
Gasoline, barrels 
Distillate fuel oil, barrels 

Local 
Electricity, kWhr 

Operating railroadl" 
Passenger 

Distillate fuel, barrels 
Electricity, kh'hr 

Freight 
Distillate fuel, barrels 
Electricity, kWhr 

General aviation 
Gasoline, barrels 
Jet fuel, barrels 

Air carrier 
Gasoline. barrels 
Jet fuel, barrels 
Residual fuel oil, barrels 

Watel 

Residual fuel oil, barrels 
Distillate fuel oil, barrels 
Gasoline, barrels 

Pipelinee 

Natural gas, ft 3 

Gasoline reported to FHWA other 
than used for highway, aviation 
or water, barrels 

aCivilian only. 

bPreliminary. 

"class I only. 

(in millions) 

1965 

I, 195. 38 

6.49 

5. 93 

2. 18 
5. 91 
0. 78 

181 

321.52 

68.06 
85.06 

2, -l03 

13. 20 
906 

75. 91 
603. 18 

6. 95 
I. 93 

12. 36 
110. 71 
NA 

73.64 
15.52 
2. 29 

500,024 

99.88 

1970 

1,563.07 

3. 21 

7. 27 

7. I~ 

0.89 
6. 44 
0. 74 

143 

~JO. ~o 

5. 33 
145.83 

2,418 

5. 89 
915 

84. 79 
426. 4 I 

8. 62 
9. 87 

I.SO 
270. 83 

0.03 

197~ 

1,756.43 

10.64 

~A 

4. 57 

7. 93 

0. 18 
7. 53 
0.07 

502. 98 

19.58 
220.92 

2,030 

3. 57 
1,1189 

96. 19 
401.10 

9.60 
I I. 50 

I. 40 
2~8.03 

0.03 

1975 

1,809.76 

10.M 

~. 31 

8. I~ 

0. 12 
8.69 
0.06 

520. 67 

Jo. 19 
216. 28 

2,646 

3. 31 
1,132 

87 .~s 
-l.22. 01 

9.46 
12. 13 

0.84 
2-t:-. 92 

0.03 

89. 86 91. 12 96.67 
19.50 24.26 26.14 
14.24 16.59 17.37 

722,166 668,702 582,963 

90. 39 81. 55 81. 55 

1976 

1,866.63 

10.67 

~A 

4 .34 

9. 28 

0. 12 
9. 27 
0.02 

593. 20 

261. 31 

2,576 

3. 13 
1,061 

91. 55 
:53.44 

10.30 
14. 00 

0.80 
24 7. 62 
~A 

118. so 
29.05 
18. 19 

548,323 

89.95 

1977 

1,910.13 

JO. 75 

S,\ 

4.33 

9.56 

b 
0.19b 
9. 59, 
a.or 

625. I 2 

278.80 

3.12 
I, 250 

93.80 
4 I 7. 41 

11.08 
16.92 

0.80 
25 7. 33 
NA 

128.97 
33.51 
18.43 

550,0DOb 

45. 14 

dNumbers are for fuel purchased domestically. An ERDA-sponsored study done by Booz, Allen reports an additional 
2.14 x 1012 Btu of fuels purchased overseas in 1974 for U.S. Connerce purpose (see Table 2-14). 

eAn Aerospace study reports considerably higher energy consumption for pipelines: 742.1 x 1012 Btu for natural 
gas pipeline in 1970 (93\ of which is natural gas consumption) and 387.4 x 1012 Btu for oil pipeline (78% of 
which is electricity consumption). 

NA - Not available. 

Sources: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook., Washington, D.C., annual; U.S. 
Department of Transportation, Federal Highway Administration, Highuay Statistics., Washington, D.C., 
annual; Tables MF-21 through MF-26 and Table VM-1, American Pµblic Transit Association, Transit 
Fact Book., '15-' 76 ed., Washington, D.C., p. 45; Interstate Commerce Commission, Transport Sta.tistics., 
Washington, D.C., annual; Part 1 - Table 31, American Public Transit Association, Tmnsit Fa"t Book, 
Washington, D.C., annual; p. 45; W. F. Gay, U.S. Department of Transportation, Transportation Systems 
Center, Energy Statistics., Cambridge, Mass., 1976, p. 117; Energy Information Administration, Energy 
Data Reports, Petroleum Statement., Annual., Washington, O.C., Energy Information Administration, 
Annual RepoI't to Cong..ess, Vohne III, Statisties and T?'ends of EnsI'gy Supply, Demand, and Pri"es, 
Washington, D.C., May 1978. 
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TOTAL 
18,789.2 

100.0'11. 

HIGHWAY" 

14 620 . 9 

77.8'11. 

RAIL 
596.9 

3.2'11, 

AIR C 

1541.2 

8 .2'11. 

WATER• 

998.1 
5.3'11. 

PIPELINE" 
559.8 

3.0'11. 

GASOLINE' 

472. 2 

2.5'11. 

2-16 

PERSONAL 
PASSENGER 

9 42.5 
50.8'11. 

TRUCK 

4649.7 

24.7'11. 

BUS 

128.7 
0.7'11, 

LOCAL RAIL 

29.3 
0.2'11. 

PASSENGER• 

30.3 

0.2'11. 

FREIGHT' 

537.3 

2.9'11. 

GENERAL 
AVIATION 

133 
0.7'11. 

AIR CARRIER" 

1408. 2 

7.5'11, 

DOMESTIC 
TRADE 
276.0 

l.5'11. 

FOREIGN 
TRADE 
626. 
3.3'11. 

OTHER 

96.0 

0.5'11. 

=•== e1am= 
PASSENGER 

CARS AND TAXIS 
9786.4 
50.5'11. 

MOTORCYCLE 

56.1 
0.3'11. 

INTERCITY 

25.3 
0 .1'11, 

SCHOOL 

487 
0.3'11, 

LOCAL 

54.7 
0.3'11, 

Fig. 2.3 
Energy Used by Mode 
of Trans~ort, 1976. 

(10 1 Btu) 

DOMESTIC 

1193.9 
6.4'11, 

214.3 

I.I'll. 

Digitized by Google 



2-17 

aCivilian only. 

b Class I only. 

cCertificated carriers only. 

~umbers are for fuel purchased domestically. An ERDA-sponsored study 
done by Booz, Allen reports an additional 2.14 x 1012 Btu of fuels 
purchased overseas in 1974 for U.S. Commerce purposes. 

e 
An Aerospace study reports considerably higher energy consumption for 
pipelines: 742.1 x 1012 Btu for natural gas pipeline in 1970 (93% of 
which is natural gas consumption) and 387.4 x 1012 Btu for all pipeline 
(78% of which is electricity consumption). 

!Gasoline other than that used by highway, marine, or air which is 
reported to FHWA. This is probably gasoline used by pipelines. 

Note: Figure 2.3 reflects unrevised data. 
late for inclusion in this figure. 
data. 

Revised data received too 
See Table 2.7 for revised 

Sources: U.S. Department of the Interior, Bureau of Mines, Minerals 
Yearbook, Washington, D.C., annual; U.S. Department of 
Transportation, Federal Highway Administration, Higru.uay 
Statistics, Washington, D.C., annual; Tables MF-21 through 
MF-26 and Table VM-1, American Public Transit Association, 
Transit Fact Book, '?5-'?6 ed., Washington, D.C., p. 45; 
Interstate Commerce Commission, Trunsport Statistics, Washington, 
D.C., annual; Part 1 - Table 31, American Public Transit 
Association, Transit Fact Book, Washington, D.C., annual; p. 45; 
W. F. Gay, U.S. Department of Transportation, Transportation 
Systems Center, Energy Statistics, Cambridge, Mass., 1976, 
p. 117; Energy Information Administration, Energy Data Reports, 
Petrolewn Statement, Annual, Washington, D.C., Energy Information 
Administration, Annual Report to Congress, Volume III, 
Statistics and Trends of Energy Supply, Demand, and Prices, 
Washington, D.C., May 1978. 
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~ 
o - in DJ.ILY AVERAGE 
1>. - 19?5 DJ.ILY AVERAGE 
+ -1976 DJ.ILY AVERA.GE 
x - lff7? DJ.ILY AVERAGE 
o -19?8 DJ.ILY AVERAGE 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
MONTHS 

Daily Average Consumption of Motor Gasoline 
by Month, 1974 through March 1978. 

Table 2.9 
Daily Average Consumption of Motor Gasoline by Month, 

1974 through March 
(10 3 bbl/day) 

1978 

Jan. Feb. Mar. April May June July Aug. Sept. Oct. 

5,784 6,146 5,937 6,700 6,732 7,095 7,204 7,078 6,664 6,864 

6,146 6,439 6,190 6,733 7,100 7,207 7,261 7,190 6,893 6,756 

6,462 6,691 6,809 6,917 7,513 7,504 7,514 7,433 7,116 6,962 

6,351 7,245 7,017 7,370 7,484 7,768 7,663 7,875 7,467 7,283 

6,496 7,429 7,245 

Nov. Dec. 

6,761 6,739 

6,779 6,902 

7,285 7,376 

7,473 7,423 

Source: U.S. Department of Transportation, Federal Highway Administration, Monthty Motor Gasotine 
Reported by States, Washington, D.C., monthly. 
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Fig. 2.5. Total Annual Fuel Consumption by Type 
of Vehicle, 1963 through 1976. 
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Fig. 2.6. Average Annual Fuel Consumption by Type of 
Highway Vehicle, 1963 through 1976. 

Source: U.S. Department of Transportation, Federal Highway Administration, Highiuay Statistics, Table VM-1, 
annual. 
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ENERGY USE BY MASS TRANSIT VEHICLES EXPERIENCED A STEADY DECLINE FRCJ-1 
1940 TO 1971. BEGINNING IN 1972 THIS TREND WAS REVERSED THROUGi THE 
INCREASED USE OF BUS TRANSIT SYSTEMS AS EVIDENCED BY THE INCREASED USES 
OF NONELECTRICAL ENERGY SOURCES, 

Table 2.10 
Energy Use by Mass Transit Passenger Vehicles, 1950 through 1977 

(1012 Btu) 

Electric a Gasoline Diesel Propane b Total 

1950 59. 72 53.75 13.68 a 126.72 
1955 40.15 30.75 23.94 2.78 97.39 
1960 33.07 19.20 28.86 3.51 84.51 
1965 29.39 11.44 34.45 3.00 78.22 
1970 29.13 4.65 37.53 2.84 74.14 
1971 29.07 3.68 35.62 2.43 70.78 
1972 27.61 2.46 35.12 2.24 67.44 
1973 26.51 1.54 39.20 1.39 68.66 
1974 29.91 0.93 43.88 0.29 75.03 
1975 30.09 0.63 50.63 0.23 81.61 
1976b 29.30 0.65 53.98 0.09 84.05 
1977 26.19 1.01 55.87 0.10 83.20 

aAsswnes 30% generation and distribution efficiency. 
bp 1 · . re 1rn1nary. 

aPropane included with gasoline. 

Source: American Public Transit Association, Transit Faat Book, 
'77-'78 ed., Washington, D.C., June 1977, p. 38. 
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Table 2 .11 
Civilian Aviation Fuel Consumption, 1973 through 1977 

(10 3 bbl) 

Percent change 
1973 1974 1975 1976 1977 

1976-1977 

Air carriers 
AVGAS 1,522 1,363 837 800 795 -0.63 
Jet fuel (kerosine) 263,412 239,144 247,610 247,481 256,948 3.83 
Jet fuel (naphta) 7,422 8,883 309 142 384 170.42 
Total, 1012 Btu 1,541.22 1,410.62 1,410.23 1,408.15 1,463.09 3.90 

General aviation 
AVGAS 9,762 9,600 9,455 10,302 11,079 7.54 
Jet fuel (kerosine) 8,542 11,147 11,373 13,397 16,424 22.59 
Jet fuel (naphta) 404 358 760 607 503 -17 .13 
Total, 1012 Btu 101.43 117. 79 115.12 132.86 153.52 15.55 

Manufacturers 
AVGAS 224 169 150 119 86 -27.73 
Jet fuel (kerosine) 2,988 3,004 2,156 2,220 2,113 -4.82 
Jet fuel (naphta) 481 302 229 348 438 25.86 
Total, 10 12 Btu 20.69 19.53 14.23 15.07 14. 77 -1.99 

Total by fuel type 
AVGAS 11,508 11,132 10,442 11,221 11,960 6.59 
Jet fuel (kerosine) 274,942- 253,295 261,139 263,098 275,485 4. 71 
Jet fuel (naphta) 8,307 9,543 1,298 1,097 1,325 20.78 
Total, 1012 Btu 1,663 .. 33 1,545.26 1,541.99 1,556.07 1,631.38 4.84 

Sources: Department of Energy, Energy Information Administration, Energy Data Reports, "Crude 
Petroleum, Petroleum Product, and Natural Gas Liquids," Washington, D.C., January 31, 1978, 
and earlier editions. 
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Fig. 2.7. Distribution of Certificated Air Carrier Fuel Use, 1976. 

(total consumption= 9230 x 106 gal) 

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 

Schedule T-2, Washington, D.C., 1976. 
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Table 2.12 
Domestic Sales of Bunkering Fuels, 1972 through 1976 

(10 3 bbl) 

Total 

Distillate fuel oil 
Residual fuel oil 
Btu x 10 12 

Fuel used in domestic trade 

Distillate fuel oil 
Residual fuel oil 
Btu x 1012 

Fuel used in foreign trade 

U.S. flag vessels 

Distillate fuel oil 
Residual fuel oil 
Btu x 1012 

Foreign flag vessels 

Distillate fuel oil 
Residual fuel oil 
Btu x 1012 

1972 

22,125 
77,932 

619 

15,872 
35,409 

315 

400 
9,938 

65 

5,853 
32,584 

239 

1973 

26,786 
92,415 

737 

19,473 
35,566 

337 

537 
13,501 

88 

6,776 
43,348 

312 

1974 

24,757 
91,052 

717 

16,579 
29,687 

283 

499 
14,106 

92 

7,679 
47,258 

342 

1975 

26,138 
96,673 

608 

18,733 
30,828 

303 

658 
12,601 

83 

6,747 
53,243 

374 

1976 

27,050 
118,508 

903 

16,831 
28,379 

276 

453 
17,845 

115 

9,766 
72,283 

511 

Sources: U.S. Department of Commerce, Bureau of the Census, U.S. 
Foreign Trade Bunker Fuels, Washington, D.C., annual; Energy 
Information Administration, Energy Data Reports, Fuel Oil 
Sales, Annual, Washington, D.C., annual. 
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THE OCEAN SHIPPING SECTOR (I,E, FOREIGN TRAIE) USED&)% OF ll£ ESTIMATED 
2,grj QUADS OF ENERGY USED BY TiiE MARINE TRANSPORTATION INDUSTRY IN 1974, 
ACCORDING TO A RECENT STUDY CONilJCTED UNIER AN ERDA CONTRACT (SEE TABLE 
BELOr-1), Table 2.13 

Productivity and Energy Use Summary of the 
Marine Transportation Industry, 1974 

Type of marine No. of 
transportation vessels 

Ocean 4,774 

Great Lakes 692 

Inland waterways 2,404 

Coastal 1,934 

Offshore 620 

Pleasure craft 7,400,000 

Fishin& and misc. 90,300 

Total 7 ,soo, 740 

'\teasured in long tons. 

Tons of 
carao moved 
(millions)a 

654.9 

175. 3 

535.8 

213.0 

1,579 

Ener1y 
cons1.D1ed 
(quads) 

2.360 

0.052 

0.089 

0.112 

0.064 

0.241 

0.032 

2.950 

Percent of 
total energy 

consumed 

80.0 

·1.5 

3.0 

4.0 

2.2 

8. 2 

0.8 

100.0 

Source: Booz, Allen and Hamilton Inc., F:Mztgy Use in ths llarin11 
TJ'anBpol'tation IruiwJtl'/1 - Task I - IruiwJtl'/1 S"""'11'/J, Departll8nt 
of Energy, Transportation Energy Conservation Division, 
Washinaton, D.C., January 11, 1977, p. 1-5. (Draft). 

CLRRENTLY ONLY ABOUT 19% OF TiiE ENERGY USED FOR FOREIGN SHIPPING IS 
ACTUALLY PURCHASED IN THE UNITED STATES: 81% IS PURCI-U\SED ABROAD, ()/ER 
9J% OF THE TOTAL ENERGY IS USED BY VESSELS REGISTERED ~DER FOREIGN FLAGS 
BUT ENGAGING IN U,S, COM'1ERCE (SEE TABLE BELOr-1), CoNVENTIONAL ESTIMATES 
OF ENERGY USE BY THE MARINE SECTOR OF 11-E UNITED STATES HAVE NOT TAKEN 
TiiESE FACTS INTO ACCOUNT, 

Table 2.14 
Point of Purchase of Marine Fuel, 1974 

(in quads) 
Point of purchase 

Trade U.S. OVerseasa Total 

Quad• Percentaae Quads Percenta1e Quads Percentaae 

Domestic 0.37 63 0.22 37 0.59 

Foreianb 0.44 19 1.92 81 2.36 

U.S. fla1 0.09 43 o. 12 57 0.21 
ForeiJJI fla1 0.35 16 1.80 84 2. 15 

Total 0.81 27 2.14 73 2.95 

aAlso includes fuels unaccounted for. 

bTrade conducted by the ocean shipping sector. 

Source: Booz, Allen and Hamilton Inc., Ensl'f!Y Use in t'hs. Nazoine 
Tl'anspol'tation Induatcy - Taak - Induatl'/1 SWmm-ri, Department 
of Eneray, Transportation Energy Conservation Division, 
Washington, D.C., January 11, 1977, p. 1-10. (Draft). 
(Original source: U.S. DepartHnt of eo-erce, Bureau of the 
Census, Bunksr Fus 1-s. ) 

100 

100 

100 
100 

100 

A C~GE IN THE BUYING PATTERN INDICATED APIJVE COULD SIGNIFICANTLY 
INFLLENCE TOTAL U.S. ENERGY DEt-WJD AND COOSlff>TIOO, FOR EXN.f>LE, ALL 
ALASKAN OIL MUST BE TRANSPORTED ON U.S. SHIPS, Tt-EREFORE, IT IS EXPECTED 
THAT J)(J-ESTIC ENERGY USE WILL INCREASE, ft.so, IF Tl-ESE U.S. SHIPS "FUEL 
LP" (BUNKER) AT U.S. PORTS, TiiE TOTAL ENERGY USE IN ll£ U.S. WILL INCREASE, 
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Fig. 2.8. Domestic Freight Energy Intensity, 1976. 
(Btu/route-ton-mile) 
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1976 Estimates of Passenger Transportation Energy Intensity. 
(Btu/route-passenger-mile) 
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EACH YEAR NEW f/OTOR VEHICLES ACCOUNT FOR ROLK3HLY 10% OF ALL REGISTERED 
AUTQ\10BILES, THEREFORE, THERE IS A TIM: LAG BEFORE TI-E NEW CAR FUEL 
ECON<Jv1Y CAN SIGNIFICANTLY AFFECT TIE FLEET AVERAGE, 

ORNL OWG 78-21608 

211 ---------------------"""21'"'.s....,, 

,,, .. 
,•21.0 
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NEW CAB run.a 

/ 
I 

/26.0 
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Fig. 2.10. Automobile Fuel Economy and Standards 
1967 to 1985. 

a 
Based on 1975 Federal Test Procedure (FTP) city/highway-weighted. For 
the 1975-1978 model years, the new car fuel economy is sales-weighted 
by manufacturers' sales forecast data. For earlier model years, 
production data was utilized. 

bThe sales-weighted FTP value adjusted by the values given in Table 2.16 
to on-road fuel economy values. 

aAs calculated by the FHWA. 

Sources: J. D. Murrel, Light Duty Automotive Fuel Eaonomy ••• Ti>ends 
Thi>ough 1978, SAE Paper 780036, 1978; U.S. Department of 
Transportation, Federal Highway Administration, Highway 
Statistias, annual; U.S. Department of Transportation, 
National Highway Traffic Safety Administration, Automotive 
Fuel Eaonomy Pi>ogi>am, Seaond Annual Repoi>t to Congi>ess, 
Washington, D.C., January 1978. 
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THE FIRST YEAR SINCE 1974 IN WHICH THERE WERE NO SUBSTANTIAL FUEL ECCNCMY 
IMPRO'IDENTS IN t-{)ST INERTIA WEIGHT CLASSES WAS 1978, THE IMPROVEMENT 
IN THE ESTIMATED t-{)DEL YEAR FUEL ECONOO OVER 1977 IS Al.YOST EXCLUSIVELY 

DUE TO ANTICIPATED SALES SHIFTS TO LIGHTER, t'ORE EFFICIENT AUTOOBII.ES, 

THE WEIGHT OF AN AUTQYOBII.E IS AN IMPORTANT FACTOR IN DETERMINING ITS 
FUEL ECONQ\1Y, (As THE INERTIA WEIGHT INCREASES, THE FUEL ECOtffiY 
DECREASES,) THE FIGURE AND TABLE BELOfl SHOii THE EPA-ESTIMATED FUEL 
ECONOMY (IN MILES PER GALLON) BY INERTIA WEIGHT CL.ASS FOR MCDEL YEARS 
1957-1977, THE DIFFERENCE IN FUEL ECONOO FRQ\1 THE LOW-AVERAGE MPG 
TO THE HIGH-AVERAGE MPG RANGES FR<J-1 A 100% TO A 200% INCREASE FOR t-{)ST 
OF THE t-{)DEL YEARS, 
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Fig. 2.11. Automobile Fuel Economy for Various Weight 
Classes by Model Year. 

(mpg) 

Source: J. D. Murrell, Light Duty Automotive Fuel Economy - TPends 
ThPough 1978, SAE Paper 780036. 
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Table 2.15 
City/Highway Sales-Weighteda Passenger Car Fuel Economy by 

Inertia Weight Class, Model Years 1970 through 1978 
(mpg) 

Model Inertia weight class (lb) Sales-

year 
weighted 

2000 2250 2500 2750 3000 3500 4000 4500 5000 5500 average 

1970 27.9 27.1 23.3 22.6 19.5 16.2 14.6 13.6 12.8 10.2 15.5 

1971 26.4 26.7 25.5 21.6 19.7 15.5 14.5 13.1 11.6 12.5 15.1 

1972 26.6 25.7 23.2 23.8 18.8 15.7 14.3 13.1 12.5 11. 3 15.0 

1973 26.9 26.6 23.0 21.5 17.5 15.0 13.9 13.2 11.6 10.8 14.5 

1974 27.7 26.3 23.5 20.8 18.6 16.4 13.4 12.4 11.8 11.1 14.4 

1975 31.4 27.9 24.3 22.2 21.4 17.5 15.6 14.6 13.0 12.0 15.6 

1976 32.1 28.7 26.0 24.4 23.4 19.1 17.3 15.5 14.6 13.3 17.7 

1977 36.1 31.6 28.8 25.2 23.9 20.2 18.0 16.6 14.2 12.7 18.6 

1978 35.4 32.4 28.0 24.5 22.4 20.1 18.0 16.3 14.6 12.4 19.6 

a1970-1973 data are from registration summations. 1974 data are based on production 
figures, and 1975-1978 data are based on manufacturers' sales forecasts. 

Source: J. D. Murrell, Light Duty Automotive FueZ Economy - Trends Through 1978, 
SAE Paper 780036. 
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THERE ARE SUBSTANTIAL DIFFERENCES BETWEEN THE EPA CERTIFICATION AND THE ACTUL\L ON-ROAD FlEL ECONOO OF 
AUTQYOBILES, FURTHERr-mE., THESE DIFFERENCES HAVE BEEN INCREASING OVER THE YEARS, SuBSTANTIAL PORTIONS 

OF THESE DIFFERENCES t-1AY BE ATTRIBUTED TO THE OPERATION OF AUXILIARIES (AIR CONDITIONING., ETC,) WHICH 
ARE SHUT OFF DURING TESTING., THE CARRYING OF PASSENGERS OR BAGGAGE IN ACTUAL USE., THE DIFFERENCES IN THE 
CONTROLLED LABORATORY AND ACTUAL OPERATING ENVIRO'ff:NTAL CONDITIONS (TEMPERATURE., HLMIDITY)., DIFFERENCES 
IN THE ACTUL\L DRIVING PATTERNS TO THE TEST PROCEDURE., AND THE EFFECTS OF ROAD CURVES AND GRADES, 

Table 2 .16 
EPA Certification vs Actual On-Road Fuel Economy, Model Years 1974 through 1977 

1974 1975 1976 1977 

Regression equation, 

On-Road mpg (y) to EPA mpg (x) 

Mean certification mpg 

Mean on-road mpg 

Difference (x-y) for car 

y = 0.65x + 4.38 

14.0 

y = 0.8lx + 1.63 

15.5 

y = 0.74x + 2.32 

18.6 

y = 0.65x + 2.98 ~ 
c,,;i 

19.5 N 

with 20-mpg on-road 
economy 

Difference for car with 
EPA sales-weighted mpg 

13.4 

4.0 

0.5 

14.1 

2.7 

1.3 

16.0 15.7 

3.9 6.2 

2.3 3.5 

Source: B. D. McNutt, D. Pirkey, R. Dulla, C. Miller, A Compar>ison of Fuet Economy Resuits from EPA 
Tests and Actuai In-Use Experience, 1974-1977 Modei Year Cars, Department of Energy, 
Washington, D.C., February 1978. 
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To YIELD REALISTIC ESTIMATES, THE EPA CERTIFICATION DATA MJST BE f/ODIFIED 
TO TAKE INTO ACCOUNT ACTUAL OPERATING CONDITIONS, THE VALUES IN TI-IE 
TABLE BELOW WERE DERIVED BY DERATit\G TIE EPA CITYIHIGI-MAY MJG BY TI-IE 
VALUES GIVEN IN TABLE 2.16 AND BY ASSESSING AN ADDITIONAL 4% FUEL PENALTY 
FOR EACH 10% INCREASE IN VEHICLE WEIGHT, 

Number of 

Table 2.17 
U.S. Automobilea Energy Intensity, Model Year 1977 

(Btu/passenger-mile)b 

Passenger automobilesd Station wagonsd 
a passengers 2-seat Small Medium Large Small Medium Large 

1 7,837 7,408 9,061 9,325 6,628 9,293 9,376 

2 3,989 3,770 4,592 4,726 3,384 4,709 4,749 

3 2,560 3,104 3,194 2,304 3,206 3,207 

4 1,956 2,360 2,429 1,766 2,421 2,437 

5 1,915 1,971 1,445 1,963 1,977 

6 1,666 1,659 1,670 

7 1,451 

8 1,288 

a Including domestics and imports. 

cars 

8,268 

4,199 

2,508 

2,170 

1,921 

1,665 

1,451 

1,288 

bAll values are calculated on a route-mile basis. To convert these to a great­
circle mile basis they should be multiplied by the intercity automobile 
circuity ratio of 1.212. No circuity data for urban uses are available. 

alncluding driver. 

dSize classes were defined based on interior volume: small <110 ft 3 ; medium 
110-120 ft 3; large >120 ft 3; small station wagon <130 ft 3; medium station 
wagon 130-160 ft 3; large station wagon >160 ft 3 

Source: J. D. Murrell, Light Duty Automotive FueZ Eaonomy .•. Trends Through 
19?8, SAE Paper 780036, March 1978; B. D. McNutt et al., A 
Comparison of FueZ Economy Results From EPA Tests and AatuaZ In-Use 
Experience, 19?4-19?? ModeZ Year Cars, Washington, D.C., February 
1978; C. W. La-Pointe, Potential for Automotive Fuel Economy Improve­
ment, presented at the Fourth National Conference On the Effects of 
Energy Constraints on Transportation Systems, CONF-770878, August 
1977; Wards Communications Inc., Ward's 19?8 Automotive Yearbook, 
Detroit, Mich., 1978. 

Digitized by Google 



2-34 

A LARGE PROPORTION OF THE AlJTOM)BILES rw4UFACTLRED EACH YEAR HAVE A 
SERIES OF OPTIONS INSTALLED w-!ICH SIGNIFICANTLY AFFECT THE FUEL ECONOMY 
OF THE VEHICLES, 

ORNL DWG 78-14104 
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YEAR 

AUTOMATIC TRANSMISSION 
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RADIAL TIRES 
AIR CONDITIONING 

V-8 ENGINE 

1977 

Fig. 2.12. Factory Installations of Popular Options 
in New Automobiles by Model Year. 

Source: Crain Automotive Group, Automotive News, Market JJata Book 
Issue, 1971-1978 ed., Detroit, Mich. 

Table 2 .18 
Energy Use Effects of Popular Options 

Option 

Air conditioning 

Automatic transmission 

Power steering 

Radial tires 

V-8 engine 

Approximate change in 
fuel economy 

-13% 

-14 to 15.5% 

::,-1 % 

+2-2.5% 

-18.5% 

Source: A. B. Rose, The EnePgy 
Itensity and Related 
Parameters of Seleated 
Passenger Transportation 
Mcdes, ORNL-5506, Oak Ridge, 
Tenn., 1979. 
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2-35 = THE DEGREE TO WHICH THE ENGINE IS WARMED UP IS AN IMPORTANT DETERMINANT 
OF AUT(M)BILE FUEL EFFICIENCY, THE CCM3INED EFFECTS OF REDUCED 
LUBRICANT EFFICIENCY AT LCMER TEMPERATURE AND THE HEAT ABSORBED BY THE 
ENGINE IN RISING TO ITS OPERATING TEMPERATURE CAUSE THE SEVERE 
DEGRADATION IN FUEL ECONQ\1Y DEPICTED IN fIG. 2.13. AFTER APPROXIMATELY 
10 MILES OF DRIVING., THE ENGINE IS FULLY WARt-ED UP AND THE CUMULATIVE 
FUEL ECONQ\1Y APPROACHES THE FULLY WARMED UP VALUE ASYMPTOTICALLY AS THE 
CAR IS DRIVEN FURTHER, 

100 
ci. 
~ 

' BO Cl 
LU 

~ 
a: >-

~~ 60 z >-o 
:::::1 C....) 
~LU 

40 u... >-
u... 1--
□-L..) 

I-
z 20 LU 
C....) 

a: 
LU 
ci. 

00 2 

-------70°F 
-------10°F 

TO OBTAIN APPROXIMATE HIGHWAY WARMUP RATE, 
ADD 5% TO CITY CURVES 

4 6 8 10 12 14 16 
TRIP LENGTH, miles 

18 

Fig. 2.13. Variation of Automobile Fuel Economy with Trip Length 
Due to Engine Warm-up. 

Source: T. Iura, W. U. Roessler, and H. M. White, Research Plan for 
Achieving Reduced Automotive Energy Conswnption, Aerospace 
Report No. ATR-76 (7467)-1, National Science Foundation, 
Washington, D.C., 1975, Fig. 2-4. 
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Table 2.19 
Weight Class Distribution for Light-Duty Trucks, 

Model Years 1975 through 1978 

Weight class Model Year 

(lb) 1975 1976 1977 

2750 .1284 .2349 .1554 

3000 .0739 .1319 .1044 

3500 .0274 .0663 .0404 

4000 .2684 .3057 .3247 

4500 .4466 .2332 .3587 

5000 .0552 .0279 .0165 

aData based on manufacturers' sales estimates. 

1978 

.1321 

.1293 

.0599 

.3528 

.3093 

.0166 

Source: J. D. Murrell, Light Duty Automotive Fuel Economy -
Trends Through 1978, SAE Paper 780036. 

Table 2 20 
Sales-Weighteda Fuel Econom~ for Light-Duty Trucks, 

Model Years 1975 through 1978 

Inertia weight• Fuel economy (mpg) 

(lb) 1975 1976 1977 

2750 22.3 24.3 25.6 

3000 18.8 20.2 25.5 

3500 20.6 17.7 18.2 

4000 15.6 17.3 19.0 

4500 14.1 14.8 16.7 

5000 11.5 13.1 12.5 

All 15.4 18.0 19.1 

aData based on manufacturers' sales estimates. 

bEPA urban/highway mpg. 

1978 

25.9 

25.0 

18.3 

18.3 

15.8 

18.2 

18.7 

Source: J. D. Murrell, Light Duty Automotive Fuel 
Economy - Trends Through 1978, SAE Paper 780036. 
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THE USE OF LIGHT lRUCKS AND VANS IS GAINING SUBSTANTIAL POPULARITY, 
PRESENTED IN THE TABLE BEL°"' ARE THE ENERGY INTENSITIES TO BE EXPECTED 
OF THESE VEHICLES w-lEN USED FOR PERSONAL lRANSPORTATION, 

Table 2.21 
U.S. Light Duty Truck Energy Intensitya, 

Model Year 1977 b 
(Btu/passenger-mile) 

No. of Small Standard Vans and a pickups pickups others passengers 

1 6,187 8,669 8,515 

2 3,160 4,395 4,324 

3 2,154 2,972 2,928 

4 2,231 

s 1,814 

6 1,537 

7 1,339 

8 1,192 

9 1,078 

10 987 

11 914 

12 853 

alncluding domestics and imports. 

bAll values are calculated on a route-mile basis. 
To convert these to a great-circle-mile basis 
they should be multiplied by the intercity auto­
mobile circuity ratio of 1.212. No circuity data 
for urban uses are available. 

0 rncluding driver. 

Source: A. B. Rose, The Energy Intensity of 1977 
Model Year Automobiles and Light Duty 
Truaks, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., October 1978, 
unpublished. 
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2-38 = THE LARGE INTERCITY TRUCKS., WITH GROSS VEHICLE WEIGHTS OVER 65.,00) LB., 
SHOULD BE SINGLED OUT BECAUSE TI-IEY ACCOUNT FOR TI-IE OVERw'HEL..MING MAJORITY 
OF ALL TRUCK CARGO TON-MILES, THEIR ENERGY INTENSITY ll'JDER ACTUAL 
OPERATING CONDITIONS IS APPROXIW\TELY 2500 Bru/RourE-TON-MILE, JicMEVER 
MANY OF TI-IE NEW TRUCKS ENTERING TI-E FLEET ARE EQUIPPED WITI-1 A SERIES OF 
ENERGY-SAVING OPTIONS WHICH WILL DECREASE TI-IIS VALUE SUBSTANTIALLY IN 
TI-IE NEAR FUTURE, THE SAVINGS POTENTIAL FRQ\1 TI-IESE OPTIONS., OUTLINED IN 
TABLE 2,22., ARE BASED ON TI-IE ACTUAL OPERATING EXPERIENCE FRQ\1 TI-IE TRUCKS 
ALREADY SO EQUIPPED, 

Table 2.22 
Energy Efficiency Improvements Possible Through 

Selected Options 

Option 

Aerodynamic aids (wind 
deflector, fairings) 

Demand actuated fans 

Radial tires 

Fuel economy engines 

Multiple trailers 

Doubles 
Triples 

% efficiency improvement 

5% 
(mostly around 3%) 

6% 

10% 

20% 

5% 
28% 

Source: Jack Faucett Associates Inc., Truck Fleet 
Experience with Fuel Economy Improvement 
MeasUX'es, Chevy Chase, Md., 1976. 
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BUSES SERVE A LARGE VARIETY OF TRANSPORTATION NEEDS, THE INTERCITY BUS 
IS THE f/OST ENERGY EFFICIENT OF THE PUBLIC PASSENC:ER TRANSPORTATION flODES, 

Table 2.23 
Summary of Bus Energy Intensities, 1970 through 1977 

Trolley Transit School Intercity buses 
coaches buses buses 

(Btu/VMT) (Btu/VMT)a (Btu/VMT) (Btu/VMT)a (Btu/PM)° 

1970 49,300 32,500 17, 710 NA NA 

1971 52,100 30,420 17, 710 NA NA 

1972 50,800 30,540 16,820 22,850 1,050 

1973 41,200 30,800 16,820 22,840 1,020 

1974 NA 31,520 16,850 22,300 960 

1975 44,300 33,750 16,960 22,280 990 

1976 NA 34,600 16,890 22,620 1,010 

1977 NA 35,100 22,890 980 

a Large system-to-system variations exist within this category. 

bThese values are calculated on a route-mile basis. For purposes 
of intermodal comparisons they should be multiplied by a circuity 
factor of 1.114 to convert them to a great-circle-mile basis. 

NA - Not available. 

Note: VMT - vehicle-miles traveled. 
PM - passenger-mile. 

Sources: American Bus Association, America's Nwriber 1 Passenger 
Transportation Service, Washington, D.C., 1977, 
supplemented with private communications with the 
American Bus Association; American Public Transit 
Association, Transit Fact Book, '76-'77 ed., 
Washington, D.C., June 1977. 
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2-40 a 
SINCE THE NLM3ER OF PASSENGER-MIL.ES TRAVELED ON BUS TRANSIT SYSTEMS IS 
NOT KNOltJ, ONE fvtJST CALCULATE All. PASSENGER ENERGY INTENSITIES PARA­
fv'ETRICAll.Y BY ASSLMING A TRIP LENGTH,* 

ORNL 0WG 78-14040 

0 l..._--'--~--'---'-.l..--'---'---'--'---...l..--'-----'___, 
0 5.0 10.0 

AVERAGE REVENUE ""SSENGER TRIP LENGTH (miln) 

Fig. 2.14. Variation of Transit Bus Energy Intensity 
with Passenger Trip Length. 

*Calculated given that the energy intensity= total energy used (nwnber 
of passengers x trip length) . The mean trip length in 1971 was 4. 38 
miles. Base data for other years: 1974, 45.11 x 1012 Btu, 4057.1 x 
106 trips; 1975, 51.51 x 1012 Btu, 4150.9 x 106 trips; 1976, 54.72 x 
1012 Btu, 4221.9 x 106 trips. 

Coaercial 29,640 

2.669 ,. 10' VMT 

Intercity 22,620 

1.118 " IO' YMT 

Transit 34,600 

I.SIil" 109 WI' 

Urban luses 28 300 

2.455 I{ 109 VNT ,' 
I 

I 
I 

I 
___ Sc_ ... _,_ .. _,._, ,,..;••.'-■oo __ __,_ _ 2:!!'...! ~•- _ _ 1 

2.162 x 109 VNT Rural VNT 

OIIIL DWG 78-20~3 

All Buses 23 080 

5.561 x 109 VNr 

Fig. 2.15. Bus Energy Intensity and VMT Summary 1976. 
(Btu per route vehicle-mile) 

Source: A. B. Rose, The EnePgy Intensity and ReZated PaPametePs of 
Selected PassengeP TPanspoPtation Modes, ORNL-5506, Oak Ridge, 
Tenn., 1979. 
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THE ENERGY INTENSilY OF THE CERTIFICATED ROUTE AIR CARRIER PASSENGER 
SERVICE HAS SHOWN Mc\RKED IMPROVEMENTS SINCE 1971. 

ORNL DWG 78-14109 
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Fig. 2.16. Certificated Route Air Carrier Energy Intensity 
in Btu Per Passenger-mile, 1971-1977, Normalized to 

1971 Values. 

Table 2.24 
Certificated Air Carrier Passenger Energy Intensity, 

1971 through 1977 

Domestic International Total 

Btu/PM % load Btu/PM % load Btu/PM % load 
factor factor factor 

1971 8920 48.6 6540 56.6 8290 50.5 
1972 8130 52.6 6080 60.3 7590 54.5 
1973 8200 52.2 6020 58.4 7650 53.6 
1974 7240 55.9 5630 56.8 6870 56.1 
1975 7180 55.0 5860 54.4 6870 54.9 
1976 6760 56.2 5230 58.6 6440 56.7 
1977a 6580 56.6 5070 59.9 6260 57.2 

a Based on data for first three quarters. 

Note: PM - passenger-mile. 

Source: National Archives and Records Service, Machine Readable 
Archives Division, CAB Fo:rrm 41 SaheduZe T-2, Washington, 
D.C., 1970-1977. 
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THESE LARGE IMPROVEMENTS IN ENERGY INTENSITY ARE DUE TO A COMBINATION OF 
IMPROVED LOAD FACTORS AND A SERIES OF OPERATIONAL IMPROVEMENTS Sl.CH AS 
REDUCED CRUISING SPEEDSJ IMPROVED MAINTENANCEJ USE OF CRUISE CLIMBJ 
REDUCED t-OL.DINGJ AND GROUND!~ OF INEFFICIENT AIRCRAFT, Ir IS POSSIBLE 
TO DIFFERENTIATE BETh'EEN THESE EFFECTS IN AN ANALYTICAL FASHION AT THE 
AIRCRAFT CLASS LEVEL, 
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TOTAL 

IMPROVEMENT DUE TO 
IMPROVED LOAD FACTORS 
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IMPROVEMENT DUE TO 
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ORNL DWG 78-20741 
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FOUR-ENGINE, 

WIDE-BODY. 
TURBOFAN 

WIDE-BODY , 
TURBOFAN 

AIRCRAFT CLASS 

Fig. 2.17. Summary Breakdown of Aircraft Efficiency 
Improvement, 1971-1976. 

TURBOFAN 

Source: A. B. Rose, T'he Energy Intensity and Related Parameters of 
Seleated Passenger Transportation Modes, ORNL~SS06, Oak Ridge, 
Tenn., 1979. 
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Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 42 
SaheduZe T-2, Washington, D.C., 1970-1977. 

N 
I 

.i::,. 
t,.:i 

a 



.. 

2-44 

GIVEN THE BASIC CHARACTERISTICS OF THE AIRCRAFT., ONE CAN CONSTRUCT 
SIMPLIFIED PLOTS OF ENERGY EFFICIENCY VS PASSENGER DEMAND, 
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B737-200 
Fig. 2.19. Energy Efficiency vs Available Passengers 

for Three Aircraft Types. 

SuPERIMPOSING THE THREE PLOTS CLEARLY SI-OWS THAT THE MOST EFFICIENT 
AIRCRAFT MAY NOT GIVE THE OPTIMLM PERFORMANCE IN A GIVEN APPLICATION IF 
THE N~ER OF AVAILABLE PASSENGERS OOES NOT APPROACH ITS CAPACITY, 
SMALLER., CQ\1PARATIVELY INEFFICIENT AIRCRAFT., OPERATI~ AT HIGHER LOAD 
FACTORS., MAY BE THE t-OST EFFICIENT SOLUTION, 

•-..--..--~.....--...,....~--,----.----.--~----.--
0 - - - - - ~ ~ - - - - - -P.&SSD'GDIS Mill.ABLE AT 4 GIVD nu 

Fig. 2.20. Optimal Aircraft Type vs 
Available Passengers. 

Note: 10 passenger-miles/gal= 13,500 Btu/passenger-miles. 

Source: L. J. Williams, NASA Ames Research Center, Air Transportation 
Energy Effiaienay, presented at the Fourth National Conference 
on the "Effects of Energy Constraints on Transportation Systems," 
Union College, August 1-5, 1977, Fig. 12. 
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lN 1976, 49,7% OF ALL AIR CARGO WAS CARRIED AS BELLY FREIGHT ON PASSENGER 
FLIGHTS, IN CALCULATING THE ENERGY INTENSITY OF SUCH CARGO ONE SHOULD 
CONSIDER ONLY THE INCREMENTAL ENERGY USED TO CARRY THE ADDITIONAL 
WEIGHT, THIS IS BASED ON THE ASSUMPTION THAT THE AIRCRAFT WOULD FLY 
EVEN IF NO BELLY FREIGHT WBRE CARRIED, WHICH IS JUSTIFIED BECAUSE BELLY 
FREIGHT ACCOUNTED FOR LESS THAN 10% OF THE REVENUES FRQ\1 PASSENGER 
FLIGHTS, 

1971 
1972 
1973 
1974 
1975 
1976 
1977a 

Table 2. 25 
Air Cargo Energy Intensity, 1971 through 1977 

(Btu/ton-mile) 

All cargo aircraft Belly 
freight Total 

Domestic International 

33,010 26,890 3,900 19,440 
30,540 27,420 3,800 18,430 
28,410 26,270 3,700 16,577 
28,010 23,850 3,500 14,820 
27,090 24,950 3,400 14,980 
26,470 23,430 3,400 14,070 
26,420 22,200 3,300 13,650 

aBased on data for first three quarters. 

Source: National Archives and Records Service, Machine 
Readable Archives Division, CAB Form 41, 
Schedule T-2, Washington, D.C., 1970-1977; 
D. J. Maio, M. Mui, U.S. Department of 
Transportation, Transportation Systems Center, 
An Analysis of Air System Fuel Conswrrption for 
Combination Passenger/Cargo Service, working 
paper, Cambridge, Mass., 1974. 
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As WITH PASSENGER SERVICE., SIGNIFICANT DIFFERENCES IN ENERGY INTENSITY EXIST BETWEEN AIRCRAFT AND 
CARRIER CATEGORIES FOR ALL AIR CARGO SERVICE, 

Table 2.26 
Energy Intensity and Load Factors for All-Cargo Aircraft, 1976 

[Btu/ton-mile, (%)] 

Domestic service International service 

Trunk air All-cargo All Trunk air All-cargo All Total 

carriers carriers domestic carriers carriers International 

All aircraft 27,280 21,720 25,360 25,300 21,830 23,310 24,150 
(53.8) (60.8) (56. 2) (56. 3) (62.6) (59. 7) (58.2) 

Long-haul aircraft 27,080 21,720 25,140 25,250 21,830 23,290 24,030 
(53.4) (60. 8) (55. 9) (56. 3) (62.6) (59. 7) (58.1) 

4-engine narrow-body 28,040 22,880 26,200 28,060 25,550 26,670 26,440 
(54 .6) (60.6) (56. 6) (60. 3) (60. 6) (60.5) (59. 8) 

4-engine wide-body 23,070 17,360 20,880 21,080 17,260 18,790 19,280 
(48. 9) (61. 8) (53 .1) (51. 1) (65. 2) (58. 7) (57. 3) 

3-engine narrow-body 32,880 29,730 32,860 so, 180 50,180 33,840 
(68.7) (74.2) (68. 7) (73.4) (73.4) (68.9) 

Short-haul aircraft 32,570 32,570 
(61.1) (61.1) 

Source: National Archives and Records Service, Machine Readable Archives Division, CAB FoPm 41, 
Schedule T-2, Washington, D.C., 1970-1977. 
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Al.THOUGH RAIL SYSTEMS ENJOY TI-E INHERENT ADVPNrAGES OF THE LOW ROLLING 
FRICTION OF STEEL AND A t'ORE LEVEL RIG-IT-OF-WAY OVER OTHER l'-ODES OF 
TRANSPORTATION., TI-E AGGREGATE ENERGY INTENSITY VAWES DO NOT FULLY RE­
FLECT THIS, THIS IS PREDOMINANTLY DUE TO THE HIGHLY PEAKED DEM«\ND 
PROFILES FOR URBAN RAIL SYSTEMS WHICH RESULT IN AN OVERALL LOW SYSTEMS 
UTILIZATION., THE LARGE Nll'1BER OF LOW IENSITY AND SERVICE CAR-MILES IN 
INTERCITY PASSENGER SYSTEMS., AND THE LARGE PROPORTION OF EWTY CAR-MILES 
IN FREIGHT SERVICE, 

Table 2.27 
Summary of Rail Energy Intensities, 1972 through 1977 

Rail transit Commuter Amtrak Rail 
Year rail (Btu/PM)c freightd 

(Btu/VM) (Btu/PM)a (Btu/PM)b (Btu/TM) 

1972 66,090 2,540 4,680 4,110 706 

1973 60,460 2,480 4,710 3,590 667 

1974 65,170 2,830 4,400 3,050 662 

1975 67,100 2,960 3,900 3,410 681 

1976 68,240 2,960 3,500 3,230 676 

1977 68,350 2,700 3,790 3,410 667 

Note: VM - Vehicle-mile. 
PM - Passenger-mile. 
TM - Ton-mile. 

aThe values are estimated based on the assumption that the 
average trip length of 6.82 miles as estimated for 1975 
holds for other years. 

b Incluqes a small number of intercity operations. 

cThe values are based on route-passenger-miles. For 
intermodal comparisons they should be multiplied by the 
lower-bound passenger-mile-weighted circuity ratio of 1.325 
to yield great-circle-mile energy intensity values. 

d As above, except the ton-mile-weighted circuity is 1,321· 

Source: American Public Transit Association, Transit Fact Book, 
'77-'78 ed., Washington, D.C., 1978; Association of 
American Railroads, Statistics of Raiiroads of ciass I, 
Years 1967 to 1977, Washington, D.C., September 1978; 
National Railroad Passenger Corporation, Annuai Report 
to the Interstate Commerce Commission, Washington, D.C. 
1972-1977; Stanford Research Institute, Energy Study of 
Raii Passenger Transportation, voiume 2: 
Description of Operating System, Menlo Park, Calif., 
August 1977. 
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DuE TO VARIATIOOS IN THE DENSITIES OF MATERIALS SHIPPED AND TO THE VARIETY 
OF THE CARS USED FOR SHIPPING~ DIFFERENT MATERIALS EXHIBIT DIFFERENT El 
VALUES FOR RAIL SHIPMENT, lT IS POSSIBLE TO CALCULATE THE VALUES 
THEORETICALLY THROUGH THE USE OF RESISTANCE EQUATIONS AND LOCQYOTIVE 
CHARACTERISTICS, 

Table 2.28 
Btu Per Route-Ton-Mile Estimates for Railroad Freight 

(loaded movements) 

Car type 

Commodity Covered Flat Open-top Boxcar Gondola hopper earl hopper 

Agricultural products 335 235 725 290 380 

Metallic ores 265 225 195 180 

Coal, coke produced from coal 195 210 

Crude oil, petroleum 440 725 

Nonmetallic minerals 310 225 280 180 

Food, kindred products, and tobacco 420 310 750 

Textiles, apparel, and leather 775 725 

Ludler, wood products, and fumiture 475 300 600 340 360 

Pulp, paper, and allied products 395 700 

Chemicals, allied products 390 240 725 

Rubber, plastic products 875 730 

Clay, concrete, glass, and stone 350 225 600 295 225 

Primary metal products 290 175 295 285 185 

Fabricated metal products 820 725 370 

Nonelectrical machinery 675 730 425 

Electrical machinery 1,050 750 340 

Transportation equipment 650 480 846 400 

Instruments, photo goods 1,020 770 

Waste, scrap materials 420 300 725 300 190 

Empty movements (distance-weis}lted) 390 420 796 420 320 

alncludes TOFC/COFC. 

blncludes auto rack, refrigerator, and stock cars. 

Tank Misch 
car cars 

715 

275 415 

195 315 

266 410 

380 

270 410 

257 380 

610 

380 

320 

530 

725 

570 

252 400 

399 390--450 

Source: R.H. Leilich, Peat, Marwick, Mitchell and Co., Mod.al Energy 
Consumption and Intensity, presented at the Third National 
Conference on "Effects of Energy Constraints on Transportation 
Systems," Union College, Aug. 2-6, 1976, pp. 25 and 26. 

Digitized by Google 



2-49 

WHEN TI-E VALUES ON TABLE 2,28 ARE CCM31NED BY WEIGHTING Fffi CAR TYPES AND 

EMPTY MILEAGES, TI-E F0LLOtHNG El VALUES RES'.JLT FOR THE CCMYODITY GRCl.JPS, 

Table 2.29 
Rail Energy Intensity by Commodity, 1972 

Commodity Rail Btu consumption Rail Btu consumption 
(per route-ton-mile)a (per net ton) x 103 

Agriculture 697 450 

Metallic ores 395 74b 

Coal & coke 366° 134 

Petroleum 630 397 

Nonmet mineral 430 101 

Food products 782 699 

Textiles 1,523 1,666 

Lumber & furn 881 724 

Pulp & paper 741 735 

Chemicals 562 482 

Rubber & plastic 1,621 1,623 

Stone & glass 596 315 

Primary metal 581 356 

Fabric. metal 1,168 877 

Nonelec mach. 1,621 1,869 

Electric mach. 1,889 2,137 

Transport equi. 1,694 1,638 

Instruments 1,849 2,980 

Scrap 634 176 

Average 687 370 

aTo convert these values to great-circle-ton-mile values, a 
circuity ratio of 1.321 should be applied. 

bReflects short length of haul and low energy intensity per net 
ton-mile (influenced heavily by two-way utilization of equip­
ment in Great Lakes ore movements. 

C Reflects heavy "drag" movements and longer hauls, which are 
inherently more energy efficient. 

Source: R.H. Leilich, Peat, Marwick, Mitchell and Co., 
Modal Energy Conswnption and Intensity, presented 
at the Third National Conference on "Effects of 
Energy Constraints on Transportation Systems," 
Union College, August 2-6, 1976, p. 32. 
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GIVEN THE LIMITATIONS OF THE AVAILABLE DATA., IT IS POSSIBLE TO CALCULATE 

OOLY THE OVERALL OPERATIONAL ENERGY INTENSITY OF ALL DCM:STIC WATERBORNE 

C<Jlt,ERCE, 

Table 2.30 
Energy Intensity of U.S. Domestic Waterborne 

Commerce, 1971 through 1976 

Year 

1971 
1972 
1973 
1974 
1975 
1976 

Energy intensity 
(Btu/route-ton-milea) 

504 
522 
576 
483 
534 
467 

Average length of 
haul 

(miles) 

682 
613 
591 
599 
600 
606 

aTo convert these values to great-cirlce ton­
miles, a circuity ratio of 1.762 should be 
utilized. 

Sources: U.S. Army Corps of Engineers, Water­
borne Cormreroe of the United States, 
Catend,;u, Year 1976, Vicksburg, Miss., 
1977; U.S. Department of the Interior, 
Bureau of Mines, Minemi Industry 
SUPveys, "Fuel Oil Sales, Annual," 
Washington, D.C., 1971-1976; U.S. 
Department of Commerce, U.S. Foreign 
Tm.de Bunker Fuets, Washington, D.C., 
1971-1976. 

OTHER., MORE DETAILED., ESTIMATES ARE AVAILABLE THROUGH MODELING RESULTS 

PRESENTED IN A RECENTLY CONDUCTED STUDY, 

Table 2.31 
Waterborne Commerce Energy Intensity 

Estimates by Sector and Ship Class 
(Btu/route-ton-mile) 

Ocean sector 

Liner 
Tramp 
Dry bulk 
Tanker 

Coastal sector 

Tug/barge 
Tanker 
Other 

Great Lakes sector 

Dry bulk 
Tanker 
Tug 

Inland waterways 

Tug/towboat 

Modeled energy 
intensity 

1390 
1990 
440 
230 

280 
360 
940 

540 
650 
300 

480 

Source: Booz, Allen & Hamilton, Draft 
report, Energy Use in the Marine 
Transportation Industry, 
Task I - Industry Swmrary, 
Bethesda, Md., January 1977. 

Digitized by Google 



0 
cci" 
;:::;.: 
j,j" 
(D 
a. 

~ 

() 
0 

~ 
~ rv 

Table 2.32 
Recreational Boat Fuel Usage and Energy Intensities, 1976 

Fuel used 

Boat type Fuel consumed per boat 10 12 Btu Btu/passenger- Btu/boat-
(10 3 gal) per year hr hr 

(gal) 

Rowboat 76,043 82 9.5 33,000 76,000 
Jonboat 173,794 175 21. 7 44,400 101,000 
Skiff 53,881 207 6.7 54,900 141,700 
Dinghy 6,709 87 0.8 26,700 68,900 
Other open lightweight 294,343 275 36.8 55,300 132,600 
Sailboat 15,238 81 1. 9 6,000 25,200 
Canoe 3,644 35 0.5 28,500 55,100 
Kayak 27 5 <0.1 69,800 142,900 
Inflatable boat 43 9 <0.1 9,700 19,400 
Inflatable raft 20 20 <0.1 4,300 16,900 
Noninflatable raft 3,312 276 0.4 86,800 296,100 
Bowrider runabout 571,059 338 71.4 58,800 217,000 
Nonbowrider runabout 468,840 316 58.6 66,100 246,800 
Cabin cruiser 581,076 1,098 72.6 69,100 419,300 
Houseboat 34,517 734 4.3 34,100 225,700 
Pontoon boat 22,345 177 2.8 19,500 107,800 
Thril 1 craft 78,057 497 9.8 55,100 215,000 
Other 688,342 645 86.0 69,400 327,600 

Total 3,071,290 351 383.9 56,700 202,800 

Source: U.S. Department of Transportation, Coast Guard, Washington, D.C., Recreational 
Boating in the Continental United States in 1973 and 1976: The Nationwide 
Boating Survey, March 1978, pp. 55 and 80. 
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BECAUSE OF UNCERTAINTIES INVOLVED IN DETERMINING THE ORIGIN OF THE 
NATLRAL. GAS DELIVERED OUT OF THE SYSTEM., NO RELIABLE TON-MILE ESTIMATES 
FOR THE NATURAL GAS TRANSMITTED ARE AVAILABLE AT PRESENT, HowEvER., IN 
THE ABSENCE OF THESE DATA., A MEANINGFUL FUEL ALTERNATIVE MEASURE OF 
NATLRAL GAS PIPELINE ENERGY EFFICIENCY MAY BE CONSTRUCTED, GIVEN IN 
TABLE 2,33 ARE THE RATIOS OF ENERGY CONSLMED DURING TRANSMISSION OVER 
THE ENERGY CONTENT OF THE GAS TRANSMITTED, foR THE PURPOSE OF THIS 
ANALYSIS., IT WAS ASSlJt1ED THAT NATURAL GAS ACCOLNrED FOR 95% OF ALL FUEL 
USED FOR TRANSMISSION, 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

Table 2.33 
Energy Efficiency of the Natural Gas 
Pipeline System, 1970 through 1976 

Natural gas 
consumed for 
transmission 
(ft 3 X 106) 

722,166 
742,592 
766,156 
728,177 
668,792 
582,963 
548,323 

Natural gas 
delivereda 
(ft 3 X 109) 

19,417 
19,969 
20,015 
20,267 
19,161 
17,902 
17,716 

Energy intensity 
ratio 
oo- 3) 

39.1 
39.1 
40.3 
37.8 
36.7 
34.3 
32.6 

aNatural gas delivered to customers plus net change 
in underground storage. 

Source: American Gas Association, Gas Faats 19?6, 
Arlington, Va., 1977. 
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THE ENGINEERING PRINCIPLES GOVERNING NATLRAL PIPELINE FLOIIS ARE WELL 
KNOWN, GIVEN BASIC SYSTEM CHARACTERISTICS., ONE CAN READILY CCJ,1PUTE THE 
ENERGY INTENSITIES FOR POSTIJLATED FLOWS, ivbsT RECENT ESTIMATES HAVE 
PLACED THE SYSTEM'S ENERGY INTENSITY VALUE AROUND 20IJ BTIJ/ROUTE-TON­
MILE FOR NATIJRAL GAS, 
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Fig. 2.21. Energy Intensity of Natural Gas Pipelines. 

Source: The Aerospace Corporation, Cha.raaterization of the U.S. 
Transportation System - Pipeline Transportation Systems, 
Los Angeles, Calif., March 1977, p. 1-25. (Draft) 
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Transportation Projections 

This chapter provides the estimates of future transportation and 

the associated transportation energy demand that TEC is currently using 

in its baseline projection of the future. These demands and energy 

projections are required to estimate the impact that DOE policies and 

technologies might have on future energy use. 

An appropriate historical perspective is provided to illustrate 

how the baseline projection compares with the past. Alternative pro­

jections developed within TEC and by others are also presented to show 

how the baseline TEC projection compares with other estimates for the 

future. TEC and ORNL welcome any comments that readers might have 

concerning these projections or any additional projections. TEC does 

not intend to forecast or predict the future, but rather to develop 

reasonable baseline projections that can be used for estimating impacts 

on energy use within a consistent and comprehensive framework. 

Table 3.1 shows the sources used extensively in the tables and 

figures of this chapter. Other sources are located within the chapter 

when only a few projections from a single source are used. Table 3.2 

shows the notations and projections employed in this chapter. It should 

be emphasized that much of the variations among the projections is due 

to differences in assumptions employed. 

In some of the following sections of this chapter the numher of 

projections listed in the tables exceeds the number of projections plotted 

on the graphs. The graphs are presented solely to illustrate how the 

TEC projections compare with the range of alternative projections. No 

attempt should be made to estimate values from the graphs. The graphs 
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Table 3.1 
Sources Used for Projections 

TEC - Historical estimates provided by ORNL and projections provided by 
the Data Analysis Branch of the Transportation Energy Conservation 
Division (TEC) of DOE using inputs from models and expert 
judgment. 

TEC Model - TEC: Transportation Energy Conservation Mod.el, Jack Faucett 
Associates, Inc., Chevy Chase, Md., August 1978 (for TEC/DOE). 

ANL - Argonne National Laboratory's draft baseline scenario provided 
under contract for TEC/DOE. 

SRI (DOE) - Tom Mandel, William Lee, and Peter Schwartz, Transportation 
Energy Demand in Alternative FutUPes, SRI International, Menlo 
Park, Calif., 1978 (for TEC/DOE). 

TECNET - Ralph Doggett, Richard Meyer, and Mark Heller, Ten Scenarios 
of Transportation Energy Conservation Using TECNET, International 
Research and Technology Corporation, McLean, Va., June 1978 
(for TEC/DOE). 

AYRES - WorldJJ.Yide Transportation Energy Demand Forecast: 1975-2000, 
Robert U. Ayres, Delta Research Corporation, Arlington, Va., 
March 1978 (for ORNL and TEC/DOE). 

CONSAD -Estimates of FutUPe Demands for Liquid Fuels - TuJo Bracketing 
Scenarios, Consad Research Corporation, Pittsburgh, Pa., July 
1978 (for TRW and Fossil Energy/DOE). 

FUTURES -Strategic Backdrop Analysis for Fossil Fuel Planning: 
Alternative Socioeconomic Conditions in the United States and 
their Associated Energy Targets, The Futures Group, Glastonbury, 
Conn., 1978 (for Fossil Energy/DOE). 

IEA - Economic and Environmental Implications of a U.S. Nuclear 
Moritorium, 1985-2010, Institute for Energy Analysis, Oak Ridge 
Associated Universities, ORAU/IEA 76-4, September 1976 (for the 
National Research Council). 

WAES - Paul S. Basile, ed. Energy Supply-Demand Integrations to the 
Year 2000, Third Technical Report of the Workshop on Alternative 
Energy Strategies (WAES). The MIT Press, Cambridge, Mass .• 1977. 

WHARTON - Runs of the Wharton Auto Model provided by the Transportation 
Systems Center/DOT, September 1978. 

SHELL - National Energy Outlook, 1980-1900, Shell Oil Company, July 1978. 

NTPSC-M - Is a draft projection from the National Transportation Policy 
Study Commission. Personal correspondence Ed Bentz to Phil Patterson 
in accordance with interagency agreement, Oct. 17, 1978, NTPSC/DOE. 
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Table 3.2 
Projection Notations and Descriptions 

TEC - Baseline projection with no major conservation apart from the meeting 
of the 27.5 mpg automobile standard (on the EPA test cycle but not 
necessarily on the road mpg). 

TEC Mddel - Baseline projection with no major conservation. This pro­
jection is documented in the final report but can be easily changed 
by the user of the interactive TEC Model. 

ANL - A draft baseline (before conservation) scenario. 

SRI-HG and SRI-CV - High Growth (HG) and Changing Values (CV) scenarios 
from SRI International. IN HG it is assumed that material and energy 
resources will be adequate to allow continued high rates of economic 
growth. In the CV scenario there is a period of resource scarcity, 
and about one-third of the population adopts a voluntary frugal 
lifestyle by 2020. In both of these scenarios no energy efficiency 
improvements in transportation are assumed. (Two other scenarios 
in the SRI report are not used in this chapter.) 

TECNET--B and TECNET-C - The Base (B) and Conservation (C) scenarios are 
used in this chapter for comparative purposes. (There are eight 
other scenarios that are not illustrated here.) The B case is 
business-as-usual with moderate conservation, whereas the C case 
projects energy use patterns as they might occur with conservation 
initiatives encouraged by the National Energy Plan. 

CONSAD-H and CONSAD-L - The High and Low scenarios are defined by the 
different assumptions with regard to future population and gross 
national product. 

FUTURES-Hand FUTURES-L - Target 1 (called Hin this chapter) is a 
prosperous and expanding economy with a wide choice of lifestyles. 
Target 2 (not listed in this chapter) is similar to a consensus pro­
jection of today that shows a rising standard of living. Target 3 
(called Lin this chapter) is a limited growth, constrained society 
with a restricted lifestyle. 

IEA-H and IEA-L - The High scenario has higher gross national product and 
higher population and, therefore, higher total energy use than the 
Low scenario. 

WAES-Cl - Scenario Cl (out of five available WAES scenarios) is used in 
this chapter. This scenario assumes high income growth, stable oil 
price, and vigorous energy policy for the 1975-1985 period. It 
assumes high economic growth, higher oil prices, and vigorous coal 
use in the 1985-2000 period. 

WHARTON - A run of the Wharton Auto Model as of September 1978 that assumes 
no increase in the real price of gasoline over the 1975-2000 period. 

SHELL - This projection assumes gross national product growth of 4.7% for 
1975-1980 and 3.1% for 1980-1990, moderate conservation, and 
adequate supplies of imported oil. 

NTPSC-M - National Transportation Policy Study Commission, moderate case. 
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have been plotted using data points for a limited number of years and 

connecting these points with straight lines. Trends should be given 

more attention than precise values for any given year. In fact, some 

of the numbers appearing in the tables were estimated by reading values 

from graphs in the original reports. 

The Data Analysis Branch (DAB) of the TEC/DOE has the responsibility 

for providing baseline (before OOE conservation) transportation energy 

projections. Table 3.3 shows the projections developed judgmentally by 

DAB as of September 1978. Some of the transportation demands and 

associated energy estimates are slightly different from the projections 

that appeared in Edition 2 of the TEC Data Book. 
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Table 3.3 
TEC Baseline Transportation Activity 

and Energy Demands 
(before DOE conservation) 

Background information 
Population (Series II, millions) 
GNP (77 $, trillions) 
Price of gallon of gasoline (77 $) 

Transportation activity (billions) 
Automobile (VMT) 
Truck intercity freight (TMT) 
Air (PMT) 
Rail (TMT) 
Marine (TMT) 
Pipeline (TMT) 

Transportation energy (10 15 Btu) 
Automobile 
Truck 
Bus 
Air 
Rail 
Marine 
Pipeline 
Miscellaneous (includes military) 

Note: VMT - vehicle-miles-traveled. 
TMT - ton-miles-traveled. 
PMT - passenger-miles-traveled. 

1975 

213 
1. 7 
0.65 

1050 
454 
182 
759 
950 
763 

19.1 
9.5 
4.1 
0.1 
1.5 
0.6 
0.8 
1.3 
1.2 

1985 

233 
2.6 
0.65 

1393 
630 
300 
900 

1300 
850 

21. 7 
9.4 
5.3 
0.1 
2.5 
0.7 
1.1 
1.4 
1.2 

2000 

260 
3.9 
1.00 

1933 
1050 
550 

1500 
1780 
800 

28.3 
10.9 
7.6 
0.2 
4.4 
1.2 
1.5 
1.3 
1.2 
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ESTIMATES OF THE TOIAL Jll,OJNT OF ENERGY IN THE TRANSPORTATION SECTOR VAAY 

BY 13% IN THE BASE YEAA 1975, THIS IS DUE TO DIFFERENCES IN THE DEFINITION 

OF THE TRANSPORTATION SECTOR (FOR EXAMPLE, SEVERAL ESTIMATES O,,IT PIPELINE 

ENERGY USE OR MILITAAY TRANSPORTATION ENERGY USE), SEVERAL ESTIMATES O,,IT 
NONPETROLELM ENERGY USE (CCN:iAI) AND Si-ELL), 

THE FUTURE VALUES OF TRANSPORTATION ENERGY PROJECTED BY THE VAAIOUS SOURCES 

DIFFER FOR THE SAME TWJ REASONS AS APOIE. PLUS THE FACT THAT DIFFERENT AS­

SLK'TIONS AAE MADE WITH RESPECT TO FUTURE: 

l, PoPUL.ATION l.Evas (ACTUALLY s-lALL DIFFERENCES CAN BE ATTRIBUTED TO 

VAAIATIONS IN POPULATION PROJECTIONS AS CAN BE SEEN ON THE FOLLOW!~ 
PAGES) 

2, ~ss NATIONAL PRoDUCT (CAUSES BIG DIFFERENCES IN TRANSPORTATION DEtWID 

AND THEREFORE TRANSPORTATION ENERGY USE) 

3, PASSENGER-MILES AND TON-MILES OF TRAVEL 

4, ENERGY INTENSITIES FOR THE SEVERAL t'bDES 

5, TRANSPORTATION ENERGY CONSERVATION f'EASURES 

6, PRICE OF ENERGY 

fOR EXAMPLE, THE TEC ~SELINE PROJECTION ASSl.ffS THE CENSUS POPULATION 

PROJECTION, l.O'nER Tl-ll\N AVERAGE ~p GRCMTH, AND LITTLE ENERGY CONSERVATION 

ASIDE FRO,, THE ACHIEVEr-'ENT OF THE 27,5 MPG NEW AUTO STANDAAD BY 1~. 

Table 3.4 
Transportation Energy 

(10 15 Btu) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 7.4 8.1 9.3 11.4 152. 17.4 (3.5)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 19.1 21. 7 28.3 1.6 
TEC Model' 17.9 22.2 28.8 34.5 4 7. 7 1. 9 2.0 
ANL 16.8 18.3 23.2 26.2 
SRI-HG' 18.0 22.5 28.7 53.1 1. 9 2.5 

CV 18.0b 21. 6 23.2 33.4 1.0 1.5 
TECNET-B 20.ob 20.7 27.4 34.4 45.5 1.4 2.1 

C 20.0 19.9 20.4 23.6 29.4 0.1 1.5 
AYRES 16.5 20.5 0.9 
CONSAD H 17.5 19.8 29.3 60.3 2.1 2.9 

L 17.5 15.9 15.0 18.9 --0.6 0.9 
FUTURES H 18.6c 21.0 24.1 31. 3 1.0 1.1 

L 18.6c 20.7 19.7 22.0 0.2 0.4 
IEA-H 18.6 21.4 28 .1 33.9 1. 7 

L 18.6d 19.2 22.2 25.3 0.7 
WAES (C-1) 17.0 18.8 21. 3 0.8 
Shell (Oil only) 18.0 21.4 1. Be 
NTPSC-M 19.8 21. 7 28.6 1.6 

Ratio: High/Low 1.13 1.42 1. 95 3.19 

al950-1975 annual growth rate. 

b1977 data. 

c1974 data. 

dl972 data. 

eGrowth rate is for 10-year period only. 
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Tt-ERE ARE VERY SMALL VARIATIONS iv,a«; THE ALTERNATIVE PROJECTIONS WITH RESPECT 

m FUlURE U.S. POPULATION, TEC AND SEVERAL OTHER STIJDIES EMPLOY THE SE.•uEs II 
PROJECTION OF THE ~ OF CENsus (As OF MAY 1977), THIS PROJECTION ASSu-ES A 

FERTILITY RATE OF 2,1 BIRTHS PER~, l'tti!CH EVENTUALLY LEADS TO A STABLE 

POPULATICJl (ASSLt11NG NO NET 11'-Ml GRATION), 

Table 3.5 
Population 

(106) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 132 133 152 165 180 194 204 213 (l.4)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 213 233 260 0.8 
ANL 213 233 260 275 296 0.8 0.5 
SRI-HG 213 233 260 296 0.8 0.5 

CV 213 233 260 277 0.8 0.2 
TECNET-B 213 234 263 279 300 0.8 0.5 

C 213 234 263 279 300 0.8 0.5 
AYRES 213 236 266 0.9 
CONSAD H 213 236 264 304 0.9 0.6 

L 213 229 246 252 0.6 0.1 
FUTURES H 213 259 294 0.8 0.5 

L 213 245 250 0.6 0.1 
IEA-H 213 231 254 264 0.7 

L 213 228 245 250 0.6 
WAES (C-1) 213 234 263 0.8 

Ratio: High/Low 1.00 1.03 1.09 1.22 

al950-1975 annual growth rate. 

TIE VARIATIONS IN (if> IN 1975 ARE SMALL BUT GROo1 SIGNIFICANTLY BY 20'.l) (A 5IJ% 
DIFFERENCE BElWEEN THE HIGH AND l...CM ESTIMi\TE), TIE TEC ESTIMATE IS IDENTICAL 

TO ffit\T OF THE ENERGY INFORMATION Jla.tiNISTRATloolllf* OUT TO 1911), Gtf' IS A 

KEY VARIABLE IN DETERMINING TEC USE FOR SEVERAL REASONS, 

lhl.JsEH)U) INCO'E IS A r-\OJ<R DETERMINANT OF PERSONAL TRANS~TATION, AND IT 

GENERALLY GROolS IN PRO~ION TO (if> GROmi, !'4.slJ, FREIGHT DEMAND GROWTH IS 

GREATLY INFLlENCEO BY THE GROl'TH AND OIANGING CXM'OSITION OF Gtf', 
Table 3.6 

Gross National Product 
(1977 $ 1012) 

1940 1945 1950 1955 1950 1965 1970 1975 

Historical 0.43 0. 70 0. 71 0.89 1.02 1.30 1.51 1. 70 (3.6t 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC l. 7 b 2.6 3.9 3.4 
ANL 1.9 2.6 3.9 5.1 7.2 3.2 2.5 
SRI-HG 1. 7 2.5 3.9 7.1 3.4 2.4 

CV 1. 7 2.4 3.3 5.0 2.7 1. 7 
TECNET-B 1. 7 2.4 3.6 4.6 6.2 3.1 2.2 

C 1. 7 2.4 3.6 4.5 6.1 3.1 2.1 
CONSAD H 1. 7 2.5 3.9 7 .1 3.4 2.4 

L 1. 7 2.3 3.2 4.8 2.6 1.6 
FUTURES H 1. 7 4.8 11.0 4.2 3.4 

L 1. 7 3.3 4.8 2.7 1.5 
NTPSC-M 1. 7 2.5 4.0 3.5 

Ratio: High/Low 1.00 1.13 1.50 2.29 

al9S0-197S annual growth rate. 

bl977 data. 

•~PARTf"ENT OF Et£RGy, Et£RGy lt-F(Rol,\TJON '°1INISTRATION, Annual Repo:rt to 

Cong:ress - Vol. 2, lwlHINGTON, D,C,, APRIL 1978, 
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Tl-ERE IS FARILY CL.DSE AGREe£NT Ar-ONG THE SOLRCES THAT ESTIMt\TE 1975 PASSENGER­
MILES-TRAVELED (fffl), Tt-E DIFFERENCE AMJt«; SOLRCES IN 2(0) VAWES IS o-lLY 39%, 
l+iICH Mt\KES THIS ONE OF Tl-£ TRANSPORTATION FACTORS HAVIt«; THE 51-\t\LLEST VARIATIOO 
ACROSS PROJECTIOOS, 

Table 3.7 
Passenger-Miles-Traveled 

(1012) 

1940 1945 1950 1955 1960 1965 1970 

Historical 1.3 1.6 2.0 ( 4. 3) a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 200~2025 

TEC 2.3b 2.9 4.4 2.6 
ANL 2.9b 3.2 4.3 5.8 
TECNET-B 2.2 2.9 4.4 7.3 3.1 2.1 

C 2.2 2.9 4.3 7.2 3.0 2.1 
AYRES 2.3b 3.3 5.3 3.4 
CONSAD H 2.2b 3.0 4.7 8.5 3.4 2.4 

L 2.2 2. 7 3.8 5.6 2.4 1.6 

Ratio: High/Low 1.05 1.14 1.39 1.52 

al96~1970 annual growth rate. 

bl977 estimate. 

BIG VARIATICJIS EXIST ACROSS Tl-£ ESTIMt\TES OF 1975 TotrMILES-TRAVELED <TMf), 
THIS IS DUE Mt\INLY TO Tl-£ INCWSIOO OF ESTIMt\TES OF INTERNATIOOAL Mt\RINE TMf 
IN Tl-£ 1£(}£1' CASE (CffiSAI) FREIGHT DE1Wl>S ARE DERIVED FR0'1 Tl-£ 1£(}£1' ,mEL 

NI> HAVE A HIGH 1975 TMf ESTIMt\TE ALSO), AYRES EXCLlDES PHY TMf FOR PIPELINE, 
Si.RPRISir«;LY, Tl-ERE IS LESS VARIATION IN Tl-£ YEAR 2CJ25 ESTIMATES THAN Tl-ERE IS 
IN 1975, 

Table 3.8 
Freight Demand - Ton-Miles-Traveled 

(1012) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 0.6 1.0 1.1 1. 3 1.3 

Projections 1975 1985 2000 2010 2025 

TEC 2.9 3.7 
ANL a 3.0 2.2d 
TECNET-B 3.8d 4.6 

C 3.8 4.4 
AYRES 2.ld 2.8 
CONSAD H 3.8d 4.7 

L 3.8 4,3 
NTPSC-M 1. 9 3.4 

Ratio: High/Low 1.84 1.68 

al95~1975 annual growth rate. 

blntercity - U.S. Only. 

al977 data. 

5.1 
6.1 8.7 

6.8 13.5 
5,9 10.7 
3.3 
7.3 15.5 
5.9 9.0 
7.1 

2.21 1. 78 

dl977 estimate and includes international marine. 

1.6 1.9 2.07 (2.7)a 

Annual Growth Rate 
1975-2000 200~2025 

2.3 

2.0 2.8 
1.4 2.4 
1.8 
2.9 3.1 
1.9 1.7 
5.4 
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f'1ANy OF THE PROJECTIONS DO NOT MAKE AN EXPLICIT ASSI.WTION WITH REGARD TO THE 
PRICE OF ENERGY, IN Tl-£ SRI SCENARIOS~ THE HIGHER ENERGY PRICES IN THE[)/ CASE 
HELP TO FOSTER THE r-ovE ON THE PART OF SQYE OF THE POPULATION TO Tl-£ "CHAN3ING 
VALUES" LIFESTYLE, 

1940 

Historical a 4.42 

Projections 1977 

TEC 11.80 
SRI-HG 11. 80 

CV 11. 80 
TECNET-B 11.80 

C 11.80 
WAES (C-1) 11.50 

Ratio: High/Low 1.03 

aDomestic. 

Table 3.9 
Price of Barrel of Oil 

(1977 $) 

1945 1950 1955 1960 1965 

4.11 6.32 6.27 5.89 5.49 

1985 2000 2010 2025 

11. 80 20.00 
14.00 16.00 20.00 
17.00 25.00 30.00 
14.00 18.00 20.00 23.00 
14.00 18.00 20.00 23.00 
11.50 17.25 

1.44 1.56 1.50 

1970 

4.96 

Annual Growth Rate 
1975-2000 2000-2025 

2.1 
1.2 0.9 
3.1 0.7 
1. 7 1.0 
1. 7 1.0 
1.6 

THE REAL PRICE OF GASOLINE FELL DI.RING THE 1940-1970 PERIOD, THE Jlff IN PRICE 
FOR IMPORTED CRUDE HAS CAUSED THE REAL PRICE OF GASOLINE TO RISE.IN 1977 TO ABOUT 
THE LEVEL THAT EXISTED IN 1955, THE RESLLTS OF THE WHARTON r-'ODEL RUN PRESENTED 
IN THIS CHAPTER ARE BASED ON THE ASSI.WTION OF A CONSTANT REAL PRICE OF GASOLINE 
TO THE YEAR 2000, 

Table 3.10 
Price of Gasoline 

(1977 $) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 0.78 0.68 0.66 0.65 0.63 0.59 0.55 0.64 (-0.l)a 

Projections 

TEC 
TEC Model 
SRI-HG 

CV 
EIA/DOE "C"b 
WHARTON 

1977 

0.7 
0.6 
0.7 
0.7 

0.7 

Ratio: High/Low 1.06 

1985 

0.7 
0.7 
0. 7 
0.8 
0.7 
0.7 

1. 20 

a1950-1975 annual growth rate. 

2000 2010 

1.0 
0.8 0.8 
0.8 
1.0 

0.7 

1. 54 

2025 

0.9 
0.9 

1.11 

1. 29 

Annual Growth Rate 
1975-2000 2000-2025 

1. 7 
0.9 
0.6 
1. 7 

0 

0.5 
0.5 
0.5 

bEIA/DOE "C" is the Medium Demand Medium Supply Case in Annual. Report to 
Congress, VoZ.ume II, Projections of Energy SuppZ.y and Demand and Their Impacts, 
Energy Information Administration, Department of Energy, DCE/EIA-0036/2, 
Washington, D.C., April 1978. 
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TtE MAJOR REASON Fffi lHE LACK OF AGREEl'ENT CJI lHE 1975 VAUJE IS A RESlLT OF 

US!t«; DIFFERENT CONCEPTS, TEC AND r-oST OlHER ESTIMATES USE TtE N\MIER OF 

AUTCMlBILES IN USE AS OF JULY 1 OF lHE YEAR, AS ca.M'ED BY R, L flot..K, A 
HIGHER N\MIER IS OBTAINED BY lHOSE (RJTU£S AND !EA) lffl USE lHE TOTAL 

NLttlER OF REGISTERED VEHICLES AT lHE END OF lHE CALENIWl YEAR, AS COUNTED 

BY lHE FEDERAL HIGl+lAY i'ollNISTRATICJI IN [XJT, TtE MIDYEAR VALUE IS lHE 

APPROPRIATE CJIE TO USE l\\£N RELATING YEAR-LONG MILES-TRAVELED AND ENERGY 

USE TO VEHICLES, THE TE!NET r-oDEL USES R. L Pou< DATA Fffi 1972 AND 

ESTIMATES ALL FUTURE VALUES, LIKEWISE, lHE TE[ t,Q>EL USES AN EARLIER 

Pou< VAI..IJE AND ESTIMATES lHE 1975 VALUE, 

Table 3 .11 
Number of Automobiles in Use 

(106) 
1940 1945 

Histori.:al 27. 7 22. 0 

Projections 1975 1985 

TEC 95 117 
TEC Model 98 113 
TECNET-8 94 113 

C 94 113 
FUTURES H !OS 132 

L lllS 127 
IEA-Hb 105 126 

L 105 115 
WAES (C-1) 97" 138 
WHARTON 112 

Ratio: High/Low I. 12 I. 17 

al950-197S annual growth rate. 

bRegi st rations. 

"1972 data. 

1950 

35.9 

2000 

140 
121 
162 
162 
158 
136 
152 
127 
166 
139 

I. 37 

1955 1960 1965 1970 1975 

47 .4 57. I 68,9 80.4 95, 2 (4.0)a 

2010 2025 
Annual Growth Rate 

1975-2000 2000-2025 

1.6 
128 134 0.9 0.4 

2. 2 
2. 2 

180 I. 7 0.5 
128 1.0 -{), 2 

166 1.5 
130 0.8 

I. 9 

1.41 

/um VEHICLE-MILES-TRAVELED (\flT) ARE IN CLOSE AGREEl"ENT IN 1975 BECAUSE IOST 

ESTIMATES ACCEPT lHE VAUJES PROVIDED BY lHE FEDERAL HIGHWAY i'ollNISTRATICJI, 

TtE CONSENSUS IS THAT AUTO VMf Will. GROW BY r-oRE lHAN 2% ANNtW..LY lM'IL 

200J AND LESS lHAN 2% AFTERWARD, THIS IS LOGICAL BECAUSE AUTO SATURATICJI 

LEVELS ( IN TERMS OF lHE NlMIER CHED PER CAPITA AND lHE TIit, SPENT DR IV ING 

lHEM) ARE EXPECTED TO BE REACIED SQ,£Tlrt, ARClHJ lHE YEAR 2CIXJ, 
Table 3.12 

Automobile Vehicle-Miles-Traveled 
(109 VMT) 

1940 1945 

Historical 250 200 

Projections 1975 1985 

TEC :~:~~ 1193 
TEC Model 1365 
SRI-HG 1048" 1254 

CV 1048° 1222 
TECNET-8 1002 1416 

C 1002 1413 
FUTURES-H 1050 1380 

L 1050 1250 
lEA-H 1050 1390 

L 1~:~d 1150 
WAES (C-1) 1455 
WHARTON 78 1480 
2\ Annual Growth 

300 Day Study 1050 1281 

Ratio: High/I.ow I.OS I. 21 

al970-1975 annual growth rate. 

bl976 data. 

0 1977 data, 

dl972 data. 

1950 

364 

2000 

1933 
1743 
1754 
1499 
2080 
2071 
1790 
1280 
1820 
1270 
1660 
2231 

I 722 

I. 76 

1955 1960 1965 1970 1975 

493 588 712 901 1050 (4.3Ja 

2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

2. 5 
1945 2243 I. 9 1.0 

2809 2.3 I. 9 
2066 1.6 I. 3 

2584 3.0 
2561 3,0 

2000 2. 2 0.4 
990 0.8 -I.I 

1990 2. 2 
1300 o. 7 

I. 9 

2100 2825 2. 0 2.0 

2.85 
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TIE GROOH ASSlH'TIONS FCR ANNJAL -MILES PER AUTOD!ILE VAAY GREATLY A'UlG TIE 

SOl.fiCES, lEC SHlWS A GRO\'TH OF 2,700 MILES PER AUTO BY THE YEM/. 20)), l'tiEREAS 

WHARTON ~ A LARGER GAIN AND TIE ~s-L SfO'S AN ABSOWTED DECLINE, 

Table 3.13 
Annual-Mil es Per Automobile 

(103) 
1940 1945 1950 1955 1960 1965 1970 1975 

Historical 9.11 10.12 10.40 10.30 10.32 II. 20 11.03 (0.3)a 

Project ions 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 11.0 12. 0 13.9 0.9 
TEC Model I I. I 11. 9 14.4 IS. 2 16.8 I.I 0.6 
TECNET-B 10. 7 12.6 12. 9 0.8 

C 10. 7 12.6 12. 8 0.7 
FUTURES H 10.0 11.0 11. 3 II.I 0.5 --0.1 

L 10.0 9.9 9.4 7. 7 --0. 3 --0.8 
IEA-11 10.0 11.0 12. 0 12.0 o. 7 

L 10.0 10.0 10.0 10.0 0 
WAES (C-1) 10.2 10.S 10.0 --0. I 
WHARTON 13.2 16.1 

Ratio: High/Low I.II I. 32 I. 71 2.18 

al950-l 975 annual growth rate. 

TIE lEC VALI.E FCR TIE YEM/. 2CXIl OF 22,3 r1'G IS AN "a-1 THE RONJ" r1'G AND IS 

CONSISTENT WITH AN EPA-TESTED r1'G OF ~,7 l'tiEN TIE DISCOltlT FACTORS DEVELCPED 

BY BARRY ltNurr" OF IXE ME TAKEN INTO ACCWIT, TIE lE0£T-C PROJECTION 

ASSll'ES THAT A MIX OF EFFICIENT ELECTRICS, TmBINES, AND STIRLl~S ME 

INTROOUCED BEFCRE THE YEM/. 2CXIl AND IDIINATE THE AUTO FLEET BY 2a25, 
Few CHANGES AAE EXPECTED TO oca.R BEYotll 2CXIl IN 11>ST ALL OF TIE PROJECTICJ-IS 

(EXCEPTING !EA); TIE AUTO FLEET WITI-1 aJNVENTICJ-IAL ENGINES WILL HAVE REAOiED A 

PEAK r1'G BY THAT Tlf'E, TIE AUTO FLEET WILL INCREASE ITS r1'G r-D'lE RAPIDLY IN 

IN TIE TEN YEARS BElWEEN 1975-1935 TI-IAN IN THE LATER YEMI.S, 

Table 3 .14 
Auto Fleet-Miles Per Gallon 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 15.29 15.04 14.95 14.53 14.28 14.27 13.57 13.53 (--0.4)a 

Projections 1975 1985 2000 2010 2025 

TEC 
TEC Model 
SRI-HG 

CV 
TECNET-8 

C 
CONSAD H 

l. 
FUTURES H 

L 
IEA-H 

L 
WAES (C-1) 
WHARTON 

Ratio: High/Low 

13.9 18.6 
14.4b 18. S 
13.1 b 16.4 
13.1 16.4 
13.3 21. 4 
13.3d 21. 4 
14. 7 d 
14.7 
13. 9 20.0 
13.9 17.8 
13.4 19.1 
13.4d 19.1 
13.S 21. 7 

I 7.0 

1.08 I. 26 

a!950-1975 annual growth rate. 

bAssumed 1975. 

cl977 data. 

dl972 data. 

22.3 
21.8 21. 8 21. 8 
23. I 23.1 
23.1 23.1 
25. S 
32.0 
22.9 
43.S 
28.0 28.0 
28.0 28.0 
25. 9 28.6 
25.9 28.6 
29.0 
21. 8 

2.00 2.00 

Annual Growth Rate 
1975-2000 2000-2025 

1.9 
I. 7 
2.3 
2.3 
2.6 
3.6 
2.0 
4.8 
2. 8 
2.8 
2. 7 
2.7 
2.8 

0 
0 
0 

0 
0 

"ftltnT ET AL, HAVE Slotl THAT TIERE IS A WIDENING GAP BEl'l'EEN AC1lW.. r1'G AND EPA­

TESTED r1'G IN "A CCM'ARISON OF FtE.. E<DIOIY RESU..TS FIDI EPA TESTS AND ACTIW. 

IN-1.lse ExPERIENCE, 1974-1977 l"oDEL YEM [.Ms" IXE, FEiRuARv 1978. 
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THE AYRES ESTIM4.TE FOR AUTOOBILE ENERGY IN 1975 DIFFERS FRO"\ THE OTHERS 
BECAUSE IT INCLUDES LIGHT TRUCK ENERGY USE, THE WIDE DIFFERENCES THAT EXIST 
IN FUTLRE AUTO ENERGY DEM4.ND ESTIM4.TES ACCOUNT FOO A LARGE PART OF THE 
DIFFERENCES IN TOTAL TRANSPORTATION ENERGY DEMAND SINCE AUTOS M4.KE UP SUCH 
A LARGE PART OF TRANSPORTATION ENERGY DEMAND, 

WIDE DIFFERENCES APPEAR AS EARLY AS 1985 IN THESE PROJECTIONS., AND BY THI: 
YEAR 20C0 THE HIGHEST PROJECTION IS ALREADY t-mE THAN TRIPLE TI-E LOWEST, Bur 
NONE OF THE ESTIM4.TES APPROXIM4.TE THE HIGH GROIITH THAT HAS OCCURRED DURING 
THE 1950-1975 PERIOD, 

THE LOW VALUES IN 2CXXl AND 2025 FOO FIJTUl{S-L AND ~L COULD ONLY BE 
ACHIEVED THROUGH SOME RADICAL CHANGE IN PERSONAL flOBILITY, 

RJTUl{S-L IS LOW IN 2025 PARTLY BECAUSE AUTO vrrr ARE 6% LOWER THAN IN 
1975. 

Table 3.15 
Automobile Energy 

(10 15 Btu) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 3.04 4.19 5.25 6.28 8.21 9.44 (4.6)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 9.5 9.4 10.9 0.6 
TEC Model 9.4b 9.2 10.0 11. 2 12.9 0.3 1.0 
SRI-HG 9.5b 9.6 9.5 15.2 0 1.9 

CV 9.5 9.4 8.0 11. 2 --0. 7 1. 4 
TECNET-B 9.5 8.3 10.2 17.2 0.3 2.1 

C 9.5 8.3 8.1 11.1 --0. 6 1.3 
AYRES 11. Sb 10.1 9.6 --0. 8 
CONSAD H 9.5b 8.5 10.9 20.0 0.6 2.5 

L 9.5b 7.1 4.6 5.8 -2.9 0.9 
FUTURES H 9.5b 8.6 8.0 9.0 -1.1 --0. 2 

L 9.5 8.8 5.8 4.5 -2.0 -1.0 
IEA-H 9.8 9.1 8.8 8.7 --0.4 

L 9. BC 7.5 6.1 5.7 -1.9 
WAES (C-1) 9.1 8.3 7.2 --0. 8 
SHELL (Oil only) 9.5b 9. 1 
WHARTON-78 9.5 10.9 12.8 1. 2 

Ratio: High/Low 1. 26 1. 54 1.21 3.45 

al950-1975 annual growth rate. 

b 
Assumed 1975 value. 

cl972 data. 
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D-IE OF THE f"OST DIFFICULT TRANSPORTATION PHENCMNON TO PROJECT AT THIS Til'E 

IS LIGHT TRUCK flWER 10,00'.J LB GROSS VEHICLE WEIGHT (G\/rl)] SALES AND TOTAL 

STOCKS, TH: MAJORITY OF LIGHT TRUCKS ARE CUlRENTLY BEING MCHASED FOR 

PERSONAL USE, fbl LOOG THE PENETRATION OF LIGHT TRUCKS INTO TH: H)USEH>U} 

VEHICLE MIX WILL CONTINUE IS UNCERTAIN, THE Mt-lUAL RATE OF GROWTH IN LIGHT 

TRUCK STOCKS OVER THE 1963-1972 PERIOD WAS 5.7, /lu. PROJECTIONS FOR TH: 

19T~200'.J PERIOD ARE LESS THAN HALF THIS VALUE, THE lEC PROJECTION IS A 

JI.JDG'£NTAL ESTIMATE BASED UPON THE THREE SOlRCES CN THIS TABLE THAT WERE 

FUNDED BY lEC. 
Table 3 .16 

Number of Light Trucks 
(under 10,000 lb GVW) 

(106) 

1940 1945 1950 1963 1967 1972 

Historical 8. 8 11.3 14.6 (5. 7)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 19.0 32.0 39.0 2.9 
TECbModel 19.3 32. 2 37. 9 41. 0 46.0 2.7 0.8 
L-K I 19. 3 33.4 49. 8 59. l 3.2 1.4 

IIA 19.3 37. 5 45.0 2.7 0.7 
ORNL" A 19.0 26.2 36.2 2.6 

B 19.0 26.8 '!o6. 7 2.7 

Ratio: High/Low 1.02 1.04 1. 20 l. 31 

al963-1972 annual growth rate. 

bL-K stands for Pl'ojeation of Light Truak Population to Yea.,. 2025, Linc.lsey­
Kaufman Company, Tenafly, N.J., September 1977 [for ORNL (OR.'JL/Sub-78/ 
14285/1) and TEC/DOT]. 

"ORNL stands for Oak Ridge National Laboratory draft report: Light Truak 
InventoY'y ModeZs: FoY'eaaets to the Yea1' 2000, G. E. Liepins, ORNL/TM-6450. 

THE lEC ESTIMATE OF FUTURE LIGHT TRUCK SALES IS ON TH: LCM SIDE OF THE FEW PROJECTIONS 

THAT CAN BE FClU'ID FOR LIGHT TRUCK SALES, 

1940 

llistorical 

Projections 1975 

TEC l. 94 
TEC Model 2.10 
NHTSAa,b 
Hurter",d 
DRif 

Katie: lligh/Low J.08 

1945 

Table 3.17 
Light Truck Sales 

(106) 

1950 1955 1960 1965 1970 

1.35 1.35 

1977 1980 1985 2000 2010 

3.50 4.00 
3. 54 3. 98 4. 27 

3.60 
3.4 4.7e 

3.32 4.06 

I. 33 

1973 1974 1975 1976 1977 

2.50 2. 27 1.94 2.64 3. II 

2025 Annual Growth Rate 
1975-2000 2000-2025 

2.9 
4.76 2.6 0.7 

au.s. Department of Transportation, National Highway Traffic Safety Administration, Final 
Impact Assessment of the Light Truak and Van FueZ Eaonorrry Standal'ds fo1' ModeZ YeaY'e 1980 
and 1981, Washington, D.C., March 15, 1978, p. IV-20. 

bDomestic only. 

"Personal communication with Don Hurter, Arthur D. Little, Inc., Cambridge, Mass., 
August 29, 1978. 

dDoes not inc I ude imports. 

elncludes imports. 

f'rersonal communication with Rosemarie Machalek, "llRI Forecast 0678," Scptcmhcr 5, 1978. 
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Tl-£ ESTIMATES I-ERE ARE Fffi INTERCITY TRUCKING TCl'-1-MILES-TRAVELED ONLY, 
THUS, ThO f,1A.,JOR USES OF TRUCKS (INTRACITY FREIGHT AND PERSONAL USE) AND THE 
ASSOCIATED ENERGY USE ARE NOT REFLECTED HERE, THE PROJECTIONS 00 NOT DIVERGE 
MJCH LtffIL 2fJXl WHEN Tl-£ HIGHEST PROJECTION IS 42% LARGER THAN THE LCWEST, 
THE GAP INCREASES TO 200% BY THE YEAR 2025, 

Table 3.18 
Intercity Truck Ton-Miles-Traveled 

(109) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 62 67 173 223 285 359 412 454 (3.9)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000--2025 

TEC 454 630 1050 3.4 
TECNET-B 427 630 1067 2643 3.7 3. 7 

C 624 1025 2417 3.6 3.5 
AYRES 447 654 937 3.0 
FUTURES H 454 631 850 1090 2.5 1.0 

L 454b 614 749 873 2.0 0.6 
WAES (C-1) 462 644 

Ratio: High/Low 1.06 1.07 1.42 3.03 

al950--1975 annual growth rate. 

bl972 data. 

TH: TRUCK ENERGY SI-Ot'4N I-ERE IS FOR FREIGHT, SERVICE, At-ID PERSONAL TRUCK USE, 
TH: VARIATIONS GRCM DIW1ATICALLY OVER Tlr-E, 

Table 3.19 
Truck Energy 

(1015 Btu) 

1940 1945 1950 1955 

Historical 1. 37 1. 72 

Projections 1975 1985 2000 2010 

TEC 4.1 5.3 7.6 
TEC Model 4.6 7.4 10.1 11. 7 
SRI-HG 4.5 

CV 4.5b 
TECNET-B 4.5b 5.5 7.4 

C 4.5 5.1 4.7 
AYRES 
CONSAD H 6.4 10.3 

L 4.7 5.2 
FUTURES H 4.0° 4.5 6.0 

SHELLd 
4.0" 4.3 5.0 

(Oil only) 4.0 6.4 

Ratio: High/Low 1.1 1. 7 2.8 

al950 1975 annual growth rate. 

bl977 estimate. 

"1974 estimate. 

~ruck and buses. 

1960 1965 1970 1975 

2.06 2.58 3.32 4.09 (4.5)a 

2025 Annual Growth Rate 
1975-2000 2000--2025 

2.5 
14.8 3.2 1.5 
24.0 
18.4 
13.2 2.0 2.3 
7.8 0.2 2.1 

1.0 
25.6 3.7 
6.2 0.7 
7.4 1.6 0.8 
5.3 0.9 0.2 

4.8 
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THE DIFFERENCES IN ESTIMATES OF AIR PASSENGER-MILES-TRAVELED IN 1975 ARE 

DIFFICULT TO EXPLAIN SINCE EACH ESTIMATE IS SlPPOSED TO REPRESENT IDESTIC 

AND INTERNATIONAL TRAVEL BY U,S, CITIZENS ON U,S, AIRCRAFT, THE VARIATIONS 

ARE VERY LAAGE BY THE YEAR 20'.X), 

Table 3.20 
Air Passenger-Miles-Traveled 

(109) 
1940 1945 1950 1955 1960 1965 1970 1975 

Historical 1.1 3.4 8.0 19.9 30.6 51.9 104.2 131. 7 (11. 9)a 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 

TEC 182 300 
SRI-HG 215 316 

CV 215b 282 
TECNET-8 223b 316 

C 223 315 
AYRES 170b 331 
CONSAD H 223b 325 

L 223 299 
FUTURES H 146" 280 

L 146" 275 
WAES (Cell 16l 411 
NTPSC-M 148 232 
FAA* 160 313 
Ratio: High/Low 1.40 1.49 

al950-I975 annual growth rate. 

bl977 data. 

cl974 data. 

dl972 data. 

6 Domestic travel only. 

1975-2000 2000-2025 

550 4.5 
542 902 3.8 2.1 
402 564 2.5 1.4 
542 793 3.9 1.5 
541 788 3.9 1.5 
815 6.5 
579 927 4.2 1.9 
467 612 3.3 I.I 
330 500 3.2 I. 7 
305 433 2.9 1.4 
654 5.0 
472 4.8 

2.67 2.13 

Source: U.S. Department of Transportation, Federal Aviation Administration, 
Aviation Fo~ecast - Fiscai Ye=s 19?9-1990, Washington, D.C., 
September 1978. 

Al.TIOJGH GENERAL AVIATION CONSlfoES LITTLE~ THAN 0,1 x lol5 8nJ T<DAY, IT IS 

EXPECTED BY ALL PROJECTIONS TO GRCM fotJCH LARGER IN THE FUTIRE, 

Table 3.21 
General Aviation Energy 

(1015 Btu) 
1940 1945 1950 1955 1960 1965 1970 

Historical 

Projections 1975 1980 1985 1990 2000 2010 2025 Annual Growth Rate 
1975-,2000 2000-2025 

TEC 0.11 0.30 0.52 6.4 
TEC Model 0.12 0.25 0.69 1.27 3.29 7.3 
TECNET-8 0.13a 0.23 6.44 0. 77 5.0 

C 0.13a 0.23 0.44 0.77 5.0 
CONSAD H 0.1~ 0.24 0.47 0.88 5.8 

L 0.13a 0.22 0.38 0.60 4.8 
FUTURES H 0.13a 0.20 0.48 2.03 S.8 

L 0.13a 0.20 0.48 2.03 5.8 
FAA* 0.11 0.24 

Ratio: High/Low 1.10 1.52 1.81 5.48 

al977 estimate. 

Source: U.S. Department of Transportation, Federal Aviation Administration, 
Aviation F~ecast - Fiscai Ye=s 19?9-1990, Washington, D.C., 
September 1978. · 

6.5 
2.3 
2.3 
2.S 
1.8 
6.0 
6.0 
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THE PROJECTIONS FOR AIR ENERGY VARY WIDELY ACROSS SOURCES, 
GROWfH DURING THE 1975--2000 PERIOD RANGE FROM 2,1 TO 6,5%~ 
ARE FAR BELOW THE 13,2% RATE DURING THE 1950-1975 PERIOD, 

ANNUAL RATES OF 
BOTH OF WHICH 

Table 3.22 
Air Energy 
(10 15 Btu) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 0.07 0.14 0.28 0.71 1.41 1.53 (13.l)a 

Projections 1975 1985 2000 2000 2025 Annual Growth Rate 
1975-2000 2000-2025) 

TEC 1.5 2.5 4.4 4.4 
TEC Model 1.4b 2.6 4.7 6.5 12.0 5.0 3.8 
ANL 2.0 2.4 3.8 4.6 
SRI-HG 1.8 2.9 5.0 8.3 4.2 2.0 

CV 1.8 2.6 3.6 4.9 2.8 1. 2 
TECNET-B 1. 9 2.5 4 .1 6.1 3.1 1.6 

C 1. 9 3.2 2.1 
AYRES 1.4 2.7 6.6 6.4 
CONSAD H 2.8 4.9 8.2 2.1 

L 2.5 3.2 3.7 0.6 
FUTURES H 1.4 2.2 3.7 6.5 4.0 2.3 

L 1.4 2.1 3.5 6.2 3.7 2.3 
IEA-H 2.4 3.9 7.7 10.7 4.8 

L 2.4 3.3 4.6 5.7 2.6 
WAES (C-1) 1. 3C 2.2 3.0 3.0 
SHELL (Oil only) 2.1 2.8 
NPTSC-Md 1.0 1.5 2.2 3.2 
FAA* 1. 2 1. 7 2.0 2. 1 
EIA 1.4 1.8 

Ratio: High/Low 1.8 2.2 2.6 3.2 

al950-1975 annual growth rate. 

bl977 data. 

0 1972 data. 

dDomestic only. 

Source: U.S. Department of Transportation, Federal Aviation Administration 
Aviation Forecast - Fiscal Years 1979-1990, Washington, D.C., ' 
September 1978. 
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THE ENERGY USED BY BUSES INCLUDES THAT FOR INTERCITY., URBAN TRANSIT., SCHOOL., 
AND MISCELI..ANEOUS BUSES, r-bTE THAT t-OST PROJECTIONS SI-OW FUTURE ENERGY 
GROOH RATES THAT ARE MUCH LARGER Tlit\N WHAT OCCURRED OVER THE PAST 25 YEARS, 

1940 1945 

Historical 

Projections 1975 1985 

TEC 0.12 0.13 
TEC Model 0.13 0.14 
SRI-HG 0.17 

CV 0.17 
TECNET-B 0.19 

C 0.19 
AYRES 0.12 0.22 
CONSAD H 0.18 

L 0.17 
b 0.13 FUTURES H O. llb 

L 0.11 0.13 

Ratio: High/Low 1.14 1.69 

al950-1975 annual growth rate. 

bl974 data. 

Table 3.23 
Bus Energy 
(10 15 Btu) 

1950 1955 1960 1965 1970 1975 

0.100 0.105 0.112 0.120 0.127 0.119 (0. 7)a 

2025 Annual Growth Rate 2000 2010 
1975-2000 2000-2025 

0.17 1.4 
0.19 0.21 0.24 1.5 0.9 
0.23 0.36 1.8 
0.21 0.28 1. 2 
0.32 0. 71 3.2 
0.27 0.55 2.9 
0.34 4.3 
0.36 0.90 3.7 
0.28 0.59 3.0 
0.15 0.20 1 ') 1. 2 
0.12 0.14 0.3 0.6 

3.00 4.21 
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RAIL FREIGHT ACTIVIlY <TMT) IS EXPECTED TO GROW AT A M:>RE RAPID RATE Tl-ll\N IN THE 

LAST 25 YEARS BY flOST OF THE PROJECTIONS, S0"1E OF THIS GROWTH IS PROBABLY DJE 
TO INCREASED COAL CARRIED BY RAIL., BUT NONE OF THE PROJECTIONS SHOW COAL flOVEt-ENTS 
EXPLICITLY I 

Table 3.24 
Rail Ton-Miles-Traveled, Historical 

Projected Transportation Factors 
(109) 

1940 1945 

Historical 375 684 

Projected 1975 1980 

TEC 759 
TEC Model 761b 
ANL 945 
TECNET-8 828° 

C 828° 
AYRES 881 
CIJNSAD-H 

L 
FUTURES H 

L 
784d WAES (C-1) 

Ratio: High/Low 1. 25 

al950-1975 annual growth rate. 

bl977 data. 

0 1977 estimate. 

d 1972 data. 

1950 1955 1960 1965 

592 627 575 706 

1985 1990 2000 2025 

900 1500 
1139 1719 2771 
1305 3759 
1066 1604 3022 
1094 1598 2966 
1150 1392 
1034 1604 3405 
1086 1531 2424 

988 1203 1441 
958 1152 1390 

1163 1977 

1.45 1. 72 2. 70 

and 

1970 1975 

771 759 c1.ot 

Annual Growth Rate 
1975-2000 2000-2025 

2.8 
3.3 1. 9 

2.9 6.7 
2.9 2.5 
1. 9 

3.1 
1. 9 
0.7 
0.8 

3.4 
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THE BIG DECLINE IN ENERGY USED BY RAIL CNER THE PAST 25 YEARS OCCURRED r-oSTLY FRO,., THE 
DECLINE IN PASSENGER RAIL ACTIVITY, EVERY PROJECTION SKMS A REVERSE IN THE HISTORICAL 
~ TREND IN RAIL ENERGY USEJ BUT NONE OF THE PROJECTIONS EXPECT RAIL ENERGY USE 
IN THE YEAR 20XJ TO BE AS LARGE AS IT WAS IN 1950, 

1940 

Historical 

Projection 1975 

TEC 0.6 
TEC Model o.5b 
ANL 0.5 
SRI-HG 

CV 
TECNET-B 0.6a 

C 0.6a 
AYRES 0.7 
CONSAD H 

L 
d FUTURES H 0.6d 

L 0.6d 
WAES (C-1) 0.6 

Ratio: High/Low 1.50 

Table 3.25 
Rail Energy, Historical and 

Projected Trans~ortation Factors 
(10 1 Btu) 

1945 1950 1955 1960 1965 1970 

1. 9 0.8 0.5 0.6 0.5 

1980 1985 1990 2000 2010 2025 

0.7 I. 2 
0.8 1.10 1. 3 1.8 
0.6 1.2 1.6 
0.7 0.7 0.8 
0.7 0.9 0.9 
0.8 1. 3 2.5 
0.8 1.1 2.0 
0.9 1.1 
0.7 1. 2 2.5 
0,6 Cl.6 0.9 
0.7 0.9 1.1 
0.7 0.8 1.0 
0.7 1.1 

1. 59 2.24 3.13 

a 1950-1975 annual growth rate. 

b 1977 data. 

al977 estimate. 

d 1972 data. 

1975 

0.5 (-5.0)a 

Annual Growth Rate 
1975-2000 2000-2025 

3.1 
3.0 I. 9 
2.6 

0.5 
0 

1. 3 2.0 
1. 3 1. 3 
0.7 

3. 1 
1.8 

1.4 0.8 
1.1 0.8 
2.4 

~ 
I 
~ 
.i:,. 

D 



0 ca· 
;:::;.-
N. 
(D 
a. 

~ 

C; 
0 

~ ,........ 
(v 

:1----------------------------------------

l 
~ a -

u 

2 

>- 115 
CJ 
~ 
1:,,:1 

~ 

1 

0,5 

l' .. .. •·· 

. / _ .... ····/ 
.. ·· 

.... -· 

/.// 
}'/ ..... -·-·····< .. ...- .... ~<-.~ ... •····· 

1' ... ..• 

...•. ,:-·· ,.....~.-----"· -----·········· 
. / < .,...- ~ .•···· 
'\.. . .... /---- ------·~_ .•.... --···------- .... ·············• ·. ,,-· / ~-ll'__., .. ,, ... ~-····-··· 

··......................... . .,,...--,-::';:: ::>-:!··· ... ·-···········--····:::':':::.::,"" .• 
"""""c: ······· -· .. ~···· •········· ro<SAIH. ··················-•···· ...................................... . 

0--f--------------------.-------P"-"-----...--...------t 
18'5 Ull50 ~ ING ISl8& lffl 19'15 ISl80 1118& 1990 ~ 2000 2005 2010 2015 2020 ~ 2030 

YEAR 

Fig. 3.22 
Rail Energy,- Historical and Projected Transportation Factors. 

(10 15 Btu) 

(.,:i 
I 

(.,:i 
u, 

D 



3-36 

TEO£T ESTl,.,.TES OF MARINE TON-MIL.ES-TRAVELED mm IS HIGIER THAN OTI-£RS IN 

1975 BECAUSE AN ESTI""'TE OF INTERNATIONAL 1MT IS 11«:UJIEJ, aJl'&II) IS ALSO 

HIGH SIICE ITS VAU£S AAE BASED ON THE TE0£T l'UlEL, SlRPRISINGLY, THE 

PROJECTIONS SK:t,I AS LARGE CJl LARGER AlttJAL GROo/TH RATES FCR THE PERIOO 200}-
2025 AS FCJl THE 1975-2fXXJ PERIOD, 

Table 3.26. Marine Ton-Miles-Traveled 
(109) 

1940 1945 1950 1955 1960 1965 1970 

Historical 370 271 NA 478 476 489 595 (I. !)a 

Project ions 1975 1985 2000 2010 2025 
Annual Growth Rate 

I 975-2000 2000-2025 

TEC ::~b 1300 
ANL 847 
TcCNET-8 1406c 1691 

C 1406c 1664 
AYRES 820 970 
CONSAD H 1406: I 739 

L i!~~a 1607 
WAES (C-1) 737 

Ratio: High/Low 2. 23 2.05 

a1955-1970 annual growth rate. 

bl977 data. 

c:!'1977 estimate. 

dl972 data. 

NA - Not available. 

1780 2. 5 
I 719 2465 

2350 4111 2. 3 2. J 
2222 3812 2. 0 2.2 
1014 0.8 
2553 4798 2.6 2.6 
2179 3321 1.9 1.7 
1589 3.4 

2.52 2.16 

EVEN THOUGH f1)ST som<:ES DO r«>T ESTI""'TE INTERNATIONAL MARINE lMT, THEY DO 

ESTI""'TE THE ENERGY USE ASSOCIATED WITH INTERNATIONAL MARINE PCTIVITY, ~LY 

A'I.. Alf) AYRES EXCLI.DE INTERNATIONAL ENERGY USE FRQ1 THEIR ESTI,.,.TES, ~E OF 

THE f1)ST CAREFULLY CONSTROCTED ESTI,.,.TES OF ENERGY USE IN THE MARINE SECTCJl 

HAS BEEN CCM'LETED BY Po;,l~ JIA..L.EN AND fw.lILTON FOR TEC'/IXE, THEIR U,S, 
MARINE ENERGY TOTALS (llf> Bru) ARE DISAGGREGATED IN THE f<l.I..()jlit; WAY: 

1974 2000 2000 \ 
\ change 
1974-2000 

Foreign Trade 0. 22 0. 77 22 250 
Great Lakes 0.05 0.10 5 100 
Inland Waterways 0.09 0.10 s 11 
Coastal 0.11 0. 25 14 127 
Offshore 0.06 0. 20 12 233 
Recreation 0.23 0. 30 16 30 
Fishing and Misc. 0.03 0.10 5 233 

Total 0. 79 1.82 99 130 

Table 3.27. Marine Energy 
(1015 Btu) 

1940 1945 1950 1955 

Historical 0.66a 0. 82a 

Projections 1975 1985 2000 2010 

TEC 0.84 1.10 I.SO 
TEC Model o. 72 1.01 I. 76 2.66 
ANL 0.33c 0. 52 o. 77 
TECNET-8 0.67c 0.80 1.06 

C 0.67c o. 76 0. 74 
AYRES 0.45 O.S3 0. 55 
CONSAO H 0.67~ 0.83 1.22 

L 0.67d 0. 74 o. 77 
Ftm!RES H o.sod 0.91 1.06 

L o.sod 0.90 0.85 
BAff o. 79 1.82 

Ratio: High/Low 1.87 2.62 32.0 

aExcludes gasoline use. 

bl95(}-1970 annual growth rate. 

el977 estimate. 

dl974 estimate. 

1960 1965 1970 

o. 70a o.5Sa 0. 75 (0.5) 

2025 
Annual Growth Rate 

1975-2000 2000-2025 

2.4 
5. 14 3.6 4.4 
1.03 
I.BS 2. 0 2.3 
1.27 0.4 2. 2 

2. 29 2.6 
1.18 I. 7 
I. 39 I.I I.I 
0.96 o. 2 o.s 

3.3 

S .35 

'Booz, Allen and Hamil ton (BAH). Energy Use in the MlriM Tl'ansportation 
Industr-y - Industry ~ture, TASK IV, Bethesda, Md., December Ul77. 
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{N ORDER TO ESTIMATE FUTURE USE OF PIPELINES, ONE M.JST HAVE A CLEAR PICTURE 

OF THE FlITrnE USE OF PETROLELM PROOOCTS AND NATURAL GAS IN ll£ ~ITED STATES, 

OF TI£ ESTIMATES ON THIS TABLE, ONLY THE IRooKHAVEN ENERGY lRANS~TATION 

SuiMIDEL (BETS) VALUES ARE CALCULATED AS PART OF A CCff>REHENSIVE NATIONAL 

ENERGY r-'ODEL, 

Table 3.28 
Pipeline Ton-Miles-Traveleda 

(109) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 59 127 129 203 229 306 431 507 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 763 850 800 0.2 
TEC Model 507b 719. 640 609 564 0.9 -0.5 
TECNET-B 788b 792 1077 2021 1.4 2.6 
CONSAD H 788b 799 1167 2322 1. 7 2.8 

L 788b 738 942 1346 0.8 1.4 
BETS-SF! 781b 907 907 0.7 

SF4 781 827 829 0.3 

Ratio: High/Low 1. 55 1. 26 1. 82 4.12 

aHistorical and TEC Model values are oil pipelines; the other projections 
are for oil plus natural gas. 

bl977 estimate. 

SEvERAL OF THE 50.RCES SI-OW A LEVELING OFF OR DECLINE IN THE ENERGY USED TO 

POER PIPELINES, THE FUTURES PROJECTIONS SI-OW LARGE GROOH DESPITE THE FACT 

THAT THE NATION IS ATTEMPTING TO REDOCE ITS DEPEt-l>ENCE ON OIL AND NAltRAL GAS, 

Table 3.29 
Pipeline Energy 

(1015 Btu) 

1940 1945 1950 1955 1960 1965 1970 1975 

Historical 0.13 0.26 0.37 0.53 0.76 0.62 (6. 3) 

Projections 1975 1985 2000 2010 2025 Annual Growth Rate 
1975-2000 2000-2025 

TEC 1. 26 1.40 1.32 0.2 
TEC Model 1.04b 1.04 o. 77 0.67 0.51 -1.2 -1.6 
TECNET-B 1.42b 1.44 1.60 2.18 0.4 1. 2 

C 1.42 1.17 0.81 0.69 -2.4 -0.6 
FUTURES H 1.13a 2.74 3.03 4.46 3.9 1.6 

L a 2.56 2.32 2.59 2.8 0.4 1.13b 
BETSa-SFl 1. 27b 1.36 1.05 -0.8 

SF2 1. 27 1.36 1. 31 0.1 

Ratio: High/Low 1.37 2.63 3.94 8.75 

aBETS stands for the Brookhaven Energy Transportation Submodei, 
Joseph R. Wagner, Brookhaven National Laboratory, Upton, N.Y., October 1977. 

bl977 estimate. 

0 1974 estimate. 
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TEC &SELINE GROOH RATES IN RAILJ t-\1\RINEJ AND BUS ACTIVITY AND ENERGY 

ARE TIE ONLY ONES THAT SI-OW A GREATER PROJECTED RATE OF GROWfH FOR THE 

NEXT 25 YEARS THAN FOR THE LAST 25 YEARS, THE lEC &\SELINE IS A PRE-

CONSERVATION PROJECTION AND ITS OVERALL TRANSPffiTATION ENERGY GROWTH 

RATE IS ONLY 1,6 PERCENT COMPARED WITH AN HISTffilCAL 3,5 PERCENT RATE OF 

GROOH, 

Table 3.30 
Summary of Projection Comparisons 

Annual Growth Rate 
Annual Growth 1975-2000 

Rate 1950-1975 
High Low TEC Baseline 

Transportation Energy Use 3.5 2.1 -0.6 1.6 
Population 1.4 0.9 0.6 0.8 
Gross National Product 3.6 4.2 2.6 3.4 
Passenger-Miles-Traveled 4.3 3.4 2.4 2.6 
Ton-Miles-Traveled 2.7 2.9 1.4 2.3 
Automobile - Stock 4.0 2.2 0.8 1.6 

Vehicle-Miies-Traveled 4.3 3.0 0.8 2.5 
Energy Used 4.6 1. 2 -2.9 0.6 

Trucks - Light Truck Stocks 4.7 3.2 2.2 2.9 
Ton-Miles 3.9 3.7 2.0 3.4 
Energy Used 4.5 3.2 0.2 2.5 

Air - Passenger-Miles-Traveled 11.9 6.5 2.5 4.5 
Energy Used 13.1 6.4 2.1 4.4 

Rail - Ton-Miles 1.0 3.4 1.9 2.8 
Energy Used -5.0 3.1 0.7 3.1 

Marine - Ton-Miles 1.1 3.4 0.8 2.5 
Energy Used 0.5 3.6 0.2 2.4 

Pipeline - Energy Used 6.3 3.9 -2.4 0.2 
Bus Energy 0.7 4.3 0.3 1.4 
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THE RATIOS IN THIS TABLE SHOW THAT THE VARIATION IN t'OST FACTORS 
INCREASES OVER TIME, FOR EXAMPLEJ ALL PROJECTIOOS START WITH AN 
IDENTICAL (l~p IN 1975J BUT THE HIGH GNP PROJECTION IN THE YEAR 200'J IS 
9 PERCENT HIGHER THAN THE l..!M GNP PROJECTION, LIKEWISE) THE VAAIATIOOS 
IN TOTAL TRANSPORTATION ENERGY ESTIMATES FOR 1975 VARY BY 13 PERCENT 
(DUE TO DIFFERENT DEFINITIONS OF THE TRANSPORTATION SECTOR CR THE ENERGY 
COUNTEDt BUT THEY VAAY BY 95 PERCENT BY THE YEAR 201) (DUE TO DIFFERENT 
ASSIJvtPTIONS CONCERNING TRANSPORTATIOO DEMANDS AND CONSERVATION MEASURES), 

Table 3.31 
Ratio of High to Low Values for 

Transportation Factors 

1975 1985 2000 2025 

Transportation Energy 1.13 1.42 1.95 3.19 
Population 1.00 1.03 1.09 1.22 
GNP 1.00 1.13 1.50 2.29 
PMT 1.05 1.14 1.39 1.52 
TMT 1.84 1.68 2.21 1. 78 
Automobiles 1.12 1.17 1.37 1.41 
Auto VMT 1.05 1.21 1. 76 2.85 
Annual Miles/Auto 1.11 1.32 1. 71 2.18 
Auto MPG Fleet 1.08 1.26 2.00 
Auto Energy 1.26 1.54 2.21 3.45 
Light Trucks 1.02 1.04 1.20 1.31 
Light Truck Sales 1.08 1.33 
Truck TMT 1.06 1.07 1.42 3.03 
Truck Energy 1.14 1. 71 2.81 4.80 
Air PMT 1.40 1.20 2.67 2.13 
General Aviation Energy 1.10 1.52 1.81 5.48 
Air Energy 1. 75 2.17 2.57 3.24 
Bus Energy 1.14 1.69 3.00 4.21 
Rail TMT 1.25 1.45 1. 72 2.70 
Rail Energy 1.50 1.59 2.24 3.13 
Marine TMT 2.23 2.05 2.52 2.16 
Marine Energy 1.87 2.62 3.20 5.35 
Pipeline TMT 1.55 1.26 1.82 4.12 
Pipeline Energy 1.37 2.63 3.94 8.75 

Note: GNP - gross national product. 
PMT - passenger-miles-traveled. 
TMT - ton-miles-traveled. 
VMT - vehicle-miles-traveled. 
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PROJECTIONS OF AIR EMISSIONS FOR THE BASE CASE (CONTINUAL USE OF THE 

INTERNAL C0'1BINATION ENGINE IN THE AUTQVOBILE) SHCM THAT THE TI-REE MAJOR 

POLLUTANTS cm, NOx AND HO DECLINE IN 1985 RELATIVE TO 1977 VALUES, Bv 
THE YEAR 2000, 00x AND HC EMISSIONS RISE SLIGHTLY AFIJVE THE 1985 LEVELS 

WHEREAS ffi EMISSIONS ARE STILL DECLINING, 

rl>TE THE DECLINE IN IMPORTANCE OF AUTO EMISSIONS TO TOTAL TRANSPORTATION 

EMISSIONS FOR ALL Tl-REE POLLUTANTS, 0N THE OTHER HAND, TRUCKS ACCOltff 

FOR A GROWING SHARE OF TRANSPORTATION EMISSIONS OVER TIME, 

Table 3.32 
Transportation Emissions - Base Case 

(106 tons) 

Total Transportation 

co 
NOx 
HC 

CO Emissions 

Auto 
% 
Truck 
% 

NOx Emissions 

Auto 
% 
Truck 
% 

HC Emissions 

1977 

92.6 
7.6 
8.3 

59.1 
64 
32.7 
35 

3.8 
50 

2.8 
37 

Auto 4.8 
% 58 
Truck 3.1 
% 37 

Source: TECNET Run 9/78. 

1985 2000 

57.0 40.8 
6.4 6.7 
4.9 5.0 

26.3 19.6 
46 48 
29.7 19.7 
52 48 

2.1 2.5 
33 37 
3.0 2.2 

47 33 

2.2 2.2 
45 44 

2.2 2.0 
45 40 

2025 

82.5 
13.2 
9.8 

33.6 
41 
46.3 
56 

4.2 
32 
5.3 

40 

3.7 
38 
4.7 

48 
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THIS TABLE St-OWS PROJECTIONS OF THE DIRECT AND INDIRECT ENERGY USED IN 
THE lRANSPORTATION SECTOR, SINCE lECNET IS THE SOURCE FOR THESE PRO­
JECTIONS) THE BASE CASE AND CoNSERVATION CASE ON THIS TABLE CCRRESPOND 
TO THE lECNET-B AND lEG~ET-C PROJECTIONS IN TABLE 3.4 AND ESLEWHERE IN 
THIS CHAPTER, 

f'bTE THAT IN BOTH llE ~SE CASE AND THE CoNSERVATION CASEJ INDIRECT 
ENERGY IS EXPECTED TO GROW REUHIVE TO DIRECT ENERGY, 

Table 3.33 
Projections of Indirect Energy 

(10 15 Btu) 

Base Case 

Total Direct and Indirect Trans. 
Direct Transportation 
Indirect Transportation 

Equipment Manufacture 
Services 
Infrastructure 

Indirect as Percent of Direct 

1977 

28.4 
20.0 
8.4 
4.1 
3.2 
1.1 

42% 

Year 

2000 

43.9 
27.4 
16.5 
8.8 
6.2 
1.6 

60% 

Conservation Case (Percent Change Compared to Base Case) 

Total Direct and Indirect Trans. 
Direct Transportation 
Indirect Transportation 

Equipment Manufacture 
Services 
Infrastructure 

Indirect as Percent of Direct 

Source: TECNET Run 9/78. 

28.4 
20.0 
8.4 
4.1 
3.2 
1.1 

42% 

32.9 (-25) 
20.4 (-25) 
12.5 (-25) 

7.5 (-15) 
3.6 (-42) 
1.4 (-12) 

61% 

2025 

75.2 
45.5 
29.7 
16.3 
11.2 

2.2 
65% 

49.8 (-34) 
29.5 (-35) 
20.4 (-32) 
13.4 (-18) 
5.1 (-55) 
1.8 (-17) 

69% 
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3-44 =m== ~==-= PROJECTIONS OF INDIRECT ENERGY USE BY MJDE SHCM THAT AUTO, TRUCK, AND 
AIR ARE THE BIGGER USERS OF INDIRECT ENERGY JUST AS THEY ARE THE BIGGEST 
USERS OF DIRECT ENERGY, Bur THE RATIOS OF INDIRECT TO DIRECT ENERGY DO 
VARY BY t-ODE AS FOLL.CMS FOR 1977: 

Auto 0.38 Rail 1.06 

Truck 0.33 Water 0.88 

Bus 0.73 Pipeline 0.31 

Air 0.63 Other 0.50 

Table 3.34 
Projections of Indirect Energy Use 

by Transportation Mode 
(10 15 Btu) 

(percent change in parentheses)a 

Base Case Conservation Case 

1977 2000 2025 2000 2025 

TOTAL 8.4 16.5 29.7 12.5 (-25) 20.4 (-32) 

Highway 5.2 9.8 17.2 7.6 (-22) 12.6 (-27) 
Auto 3.6 6.7 11.5 5.4 (-19) 8.7 (-24) 
Truck 1.5 2.9 5.2 2.1 (-28) 3.6 (-32) 
Bus 0.1 0.2 0.5 0.1 (-36) 

Nonhighway 3.2 6.7 12.5 4.9 (-27) 7.8 (-38) 
Air 1.2 2.9 5.5 2.4 (-17) 4.3 (-22) 
Rail 0.7 1.3 2.6 0.6 (-53) 0.7 (-74) 
Water 0.6 1.1 1.9 0.7 (-39) 1.0 (-40) 
Pipeline 0.1 0.2 0.3 0.1 (-42) 0.1 (-72) 
Other 0.5 1.2 2.3 1.0 (-15) 1.8 (-19) 

a 
Percent changes were calculated using energy values with more 
significant digits than shown in this table. 

Source: TECNET Run 9/78. 
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Government Impacts 

The government impacts chapter has been expanded in Edition 3 to 

analyze the increasing influence exerted by governments (federal and 

state) on transportation activities and on corresponding energy 

consumption. The federal government's mandate for researching, 

developing, and demonstrating new technologies in vehicle types, 

propulsion systems, and energy storage capabilities highlights the 

increased impact which government and regulatory agencies are achieving 

throughout the transportation sector. Consideration of the transporta­

tion sector in total energy conservation efforts is important: 

transportation accounts for 26% of the total energy used and 56% of 

the total petroleum consumed in the United States. 

There are five sections within Chapter 4, and each section illus­

trates a unique manner in which government policies impact transportation 

and energy conservation activities. These sections deal with government 

regulatory activities, government-mandated research, development and 

demonstration programs, programs directly involved in energy conservation, 

and taxes and expenditures. The purpose of this chapter is to provide 

data which identify and, where possible, quantify these governmental 

activities and their impacts on energy consumption. 

Section 4.1, Selected Government Programs and Regulatory Activities, 

is an introductory look at major governmental agencies directly involved 

in transportation-energy research and development. Insight into the 

interrelationships between the Transportation Energy Conservation 

Division (TEC) and other Department of Energy (DOE) organizations is 
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a major focal point of the section. The technology aspect of TEC is 

also illustrated in this seciton. Highway Systems, Nonhighway Transport 

Systems and Special Projects, and Electric Hybrid Systems are detailed. 

Also included in this section is an organizational chart of the 

Department of Transportation (DOT) which outlines the types of data 

received from the various administrations within DOT. This view of 

data support from DOT illustrates the retrieval and dissemination 

activities of both TEC and ORNL. 

Section 4.1 focuses upon governmental actions and policies under­

taken by the federal government to initiate energy conservation and 

energy conservation consciousness. In addition, results of governmental 

conservation efforts are provided to illustrate comparisons between these 

efforts and the country's energy consumption as a whole. 

Also examined in this section are the various federal regulations 

and standards which directly deal with energy conservation efforts. 

Passenger car and light truck fuel economy and emission standards are 

shown. Motor vehicle safety standards are examined in light of their 

impacts on energy use, and light truck technological improvements are 

examined as to this potential energy savings. The Environmental Pro­

tection Agency's (EPA) proposed regulations impacting various modes and 

interests are reviewed. Highlights of the proposed gasoline rationing 

plan are itemized to point out potential impacts on various sectors of 

the country. 
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The last portion of this section illustrates some trends directly 

related to governmental actions. The tables reflect the impact of such 

imposed measures as the 55-mph speed limit and the fuel economy standards 

set for automobile manufacturers. These tables show the abrupt change 

which can occur when governmental regulations or standards are imposed 

directly upon society. 

Section 4.2, Electric and Hybrid Vehicles Program, focuses upon 

the current state-of-the-art research in this technology. This section 

commences with an introduction into Public Law (P.L.) 94-413 and its 

amendment by P.L. 95-238 in 1978. A look at state-of-the-art electric 

vehicle technology and electric vehicle phase-two goals follows and 

illustrates current development in the program. 

Tables assessing the demand for materials for electric-vehicle 

propulsion and incentives to stimulate demand for electric vehicles 

follow. These tables show a few key factors which ultimately will aid 

in determining to what extent electric vehicles may penetrate the trans­

portation market. 

The final portion of this section analyzes the effects of weight 

and speed on fuel consumption for the electric vehicle, and an examination 

of the potential market for electric vehicles is shown. A comparison of 

the electric vehicle driving cycle with the EPA urban, EPA highway, and 

the heat engine driving cycle provides a look at how the new technologies 

effect energy consumption. 

The Heat Engine Program, Sect. 4.3, is another key TEC program 

currently developing future technologies in engine systems and use of 

alternate fuels. The Heat Engine Program has many subprograms which 
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are currently working independently, but ultimately R&D efforts will 

be combined. Because much of the program is in the developing and 

research stages, the scarcity of data is evident. This section outlines 

some of the key subprograms and discusses several test results. 

The Heat Engine Program's foundation is Public Law 95-238. As a 

result of this law, gas turbine and Stirling engine technology efforts 

were initiated. Section 4.4 describes P.L. 95-238, the Gas Turbine 

Program, the Stirling Engine Program, and the Alternate Fuels Program 

in relation to its goals and objectives. Fuel economy and emission 

results from Stirling engine testing are also included in this section. 

Other TEC Programs, Sect. 4.4, gives selected data from other 

programs within TEC which have not been acknowledged in prior 

sections of the chapter. One program and two branches are highlighted 

to round-out the overall look at TEC. The functions of the Technology 

Assessment and Implementation and Nonhighway Transport branches are 

outlined and accompanied by tables showing direct results of their 

efforts. The Ridesharing Program of TEC is also spotlighted by showing 

the growth of vanpooling in the United States over the last several 

years. The prime function of each branch and program is to develop 

means for energy savings. The tables within this section provide a 

glimpse of the type of research presently on-going within TEC. 

The final section, Government Taxes and Expenditures, (4.6) has 

been greatly reduced from that in Edition 2. Data on the federal and 

state taxes derived from transportation were updated for 1976. 

Percentage changes for 1950-1970 and 1970-1976 were developed to add 

insight into the ratio of the transportation sector's taxes to the 
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total amount of taxes collected. The federal and state expenditures 

for transportation facilities were updated for 1976, and a percentage 

change over the years was calculated. 
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LISTED BEL0'-1 ARE THE PASSENGER CAR AND LIGHT TRUCK FUEL ECOf'0\1Y STANDARDS 

SET BY THE OOT N.1\TIONAL HIGHWAY AND TRAFFIC SAFETY Al:J.1INISTRATION (NHTSA) I 

THE 001NHTSA., STARTING IN 1979 AND ENDING IN J.900., WILL INITIATE A TWO­

STEP CHA."'JGE IN ITS LABORATORY TEST PROCEDLRES FOR DETERMINING INDIVIDUAL 

FUEL ECONuvtY, THE FIRST STEP UPDATES THE ROAD-LOAD FACTOR AND MANUAL-

SHIFT DRIVING PROCEDURE, THE SECOND STEP INVOLVES INERTIA-WEIGHT CLASSES, 

PRESENTLY., AUTQYOBILES UP TO 3(Il) LB ARE DIVIDED INTO TEST GROUPS OF 

250-LB INCREMENTS, IN 198()., THE AUTQYOBILES UP TO Ll(XX) LB WILL BE 

DIVIDED INTO TEST GROUPS OF 125-LB INCREM:NTS., THUS FACILITATING A 

CLOSER RELATIONSHIP BEThEEN TEST-wEIGHTS AND ROAD-wEIGHT OF AUTQYOBILES, 

Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Table 4.1 
Passenger Car and Light Truck Fuel 

Economy Standards 
(mpg) 

Passenger cars Light trucks (2WD) Light (4WD) 

18.0 
17.i 15.8b 19.0 
16.0c C 20.0 14.0d 

22.0 18.0 15.S 
24.0 
26.0 
27.0 
27 .Se 

aBased on medium-duty truck engines (International Harvester). 

bLess than or equal to 6,000 lb. 
C Less than or equal to 8,500 lb. 

14.0 
15.0 

d Can be decreased by 0.5 mpg if by January 1979 EPA has not approved 
slick oils. 

eSecretary of the Department of Transportation may amend the fuel 
economy standard for model year 1985, or for any subsequent model 
year, to a level which he determines is the maximum feasible average 
fuel economy level for such model year, except that any amendment 
which has the effect of increasing an average fuel economy standard 
to a level in excess of 27.S mpg, or of decreasing any such standard 
to a level below 26.0 mpg, should be submitted to the Congress in 
accordance with Section 551 of the Energy Policy and Conservation 
Act and shall not take effect if either House of the Congress 
disapproves such amendment in accordance with the procedures 
specified in such section. 

Sources: Personal communication, Environmental Protection Agency, 
Assistant Administrator for Mobile Source Air Pollution 
Control; Joan Claybrook, U.S. Department of Transportation, 
National Highway Traffic Safety Administration, Fina.l 
Environmental Impact Statement Pursuant to Section 102(2)(c), 
P.L. 91-190 83 STAT. 853 42 U.S.C. 4332(2)(c), for Average 
Fuel Economy Standards for> Light Trocks Model Years 1980 and 
1981, Washington, D.C., March 1978. 
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A KEY PROVISICJJ OF TIE NATICJJAL ENERGY Per PASSED BY THE U.S. Coo6RESS 
AND SIGNED BY THE PRESIDENT IN NovEMBER 1978 IS TiiE "GAS GUZZLER TAX. 11 

TI-E PROVISION PLACES ft.N INCREASING TAX 00 VEHICLES WHICH ARE FUEL IN­
EFFICIENT T~OUGH 1986, FOR EXAM'LE, A VEHICLE WHICH ACHIEVES THE 
UlRPORATE AVERAGE FUEL Ecoooo (CAFE) STANDARD IN Bil (20,0) WOULD BE 
TAXED $500 IF PlRCHASED NEW IN 1985; PENALTIES OF OVER $300 CAN BE 
LEVIED AGAINST NEW CAR PlRCHASES BY 19&), 

Table 4.2. The Gas Guzzler Tax on New Cars 
($) 

Corporate Average Fuel Economy Standard 

Vehicle fuel economy 1980 1981 1982 1983 1984 1985 1986 
20.0 22.0 24.0 26.0 27.0 27.5 27.5 

~22.5 mpg 0 0 0 

21. 5-22. 5 0 0 500 
~21. 0 mpg 0 0 0 0 

20.5-21.5 0 0 650 
20. 0-21. 0 0 0 0 500 

19.5-20.5 0 0 850 
19.0-20.0 0 0 0 600 

18.5-19.5 0 450 1050 
18.0-19.0 0 0 350 800 

17.5-18.5 200 600 1300 
17.0-18.0 0 0 500 1000 

16.5-17.5 350 750 1500 
16. 0-17. 0 0 200 650 1200 

15.5-16.5 450 950 1850 
15.0-16.0 0 350 800 1500 

14.5-15.5 600 1150 2250 
14. 0-15. 0 200 450 1000 1800 

13. 5-14. 5 750 1450 2700 
13. 0-14. 0 300 550 1250 2200 

12.5-13.5 950 1750 3200 
<13.0 550 650 1550 2650 

<12.5 1200 2150 3850 

Source: Department of E~ergy, Office of Public Affairs, "DepaPtment of 
Enerogy Infornzat1,on," Washington, D. C. , October 20, 1978. 
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SUBSEQUENT TO THE ISSUANCE OF FEDERAL PROPERTY ~GEMENT REGULATIONS 
(FPMR), TEMPORARY REGULATION G-28, ExEcUTIVE ORDER 12003, DATED JULY 20, 
1977, WAS ISSUED WHICH PROVIDED ADDITIONAL REQUIREMENTS TO THOSE ALREADY 
ESTABLISHED, 

lT IS NOW MANDATORY THAT ALL PASSENGER AUTCJIOBILES ACQUIRED BY FEDERAL 
AGENCIES FOR FISCAL YEAR 1978 (BEGINNING 0cTOBER 1, 1977) ACHIEVE A FLEET 
AVERAGE FUEL ECONOMY OF NOT LESS THAN 20 MPG AND EXCEED THE AVERAGE FUEL 
ECONOMY STANDARD OF 18 MPG, 

THE APPLICABLE FLEET AVERAGE FUEL ECONOMY OBJECTIVES BY FISCAL YEAR AND 
AVERAGE FUEL ECON<J-1Y STANDARDS ARE AS FOLLOWS, 

Fiscal Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Table 4.3. 
Mandatory Federal Government Fleet Fuel 

Economy Standards 

Miles per gallon 

Manufacturer average fuel 
economy standarda 

18.0 
19.0 
20.0 
22.0 
24.0 
26.0 
27.0 
27.5 

Federal fleet average 
fuel economyb 

Passenger Cars 

20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
31.0 
31.5 

Note: The Federal Fleet of Light Trucks' and Vans' fuel economy 
standards are the same as those required for all light 
trucks and vans in each corresponding year. 

aEstablished by Section 502 of the Motor Vehicle Information and 
Cost Savings Act (89 Stat. 900, 15 U.S.C. 2002) and the Secretary 
of Transportation. 

bEstablished by Executive Order 12003. 

Source: General Services Administration, "Federal Property Management 
Regulations Temporary Regulation G-32," October 1977. 
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EMISSIONS - BACKGROUND 

In 1969 the auto industry and the Executive Branch began to propose exhaust 

emission standards for the years 1971, 1975, and 1980. In 1970 the U.S. House 

of Representatives voted to write the standards into federal law, to be effective 

in 1975. These standards still have not been reached on a mass production scale. 

Engineering gains, made with enormous developmental and tooling costs, have 

been implemented and then been superseded by still more sophisticated material. 

Given the need to control emissions, the difficult to achieve 20 mpg fuel economy 

standard in 1980 and a 22 mpg average in 1981 represent formidable obstacles to 

the industry. 

The problem of pollutants and their control is important relative to energy 

conservation in the U.S. automobile fleet. The pollutant, carbon monoxide (CO), 

an odorless and poisonous gas, results from the incomplete combustion of gasoline 

and is caused by insufficient air or inefficient combustion conditions within 

the engine. 

Gasoline is composed of hydrocarbons; and another pollutant, unburned 

hydrocargon (HC), is fuel molecules that have escaped the combustion process. 

Because there is always a thin layer of fuel along the cylinder walls that is 

too cool to burn, even a perfectly tuned engine will emit some of this pollutant; 

but its quantity is reduced as near-perfect combustion is approached. Hydrocarbons 

mixed with nitrous oxides (in the presence of sunlight) from photochemical smog, 

which irritates the eyes and nose. 

The pollutant, nitrous oxides (NOx), is a mix of gases formed when the 

nitrogen present in the injected air is burned with the fuel during combustion. 

Because nitrogen makes up a large percentage of air, there is no way to eliminate 

it from the combustion process. Lowering the combustion temperature inside the 

cylinders of an internal combustion engine helps control the amount of nitrogen 

that gets converted into oxides of nitrogen. However, lower combustion efficiency 

goes with lower temperatures, which means that performance and fuel economy 

both suffer. Means of reducing all three pollutants include (1) air pumps that 

feed air into exhaust passages to burn up excess carbon monoxide and hydrocarbons, 

(2) exhaust gas recirculation (EGR) systems to control nitrous oxides by 

recirculating exhau·st gases back into the cylinders to cool and retard combustion, 

and (3) idle-control and spark-retardant devices. 
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THE AUTO INDUSlRY HAS UNTIL 1~0 BEFORE 0.41 GRv1 HYDROCARBCJ.JS (HC)., 7.0 
GRv1 CAR:800 MONOXIDE (CO), AND 2, 0 GPM NITROJS OXIDES (f\KJx) LIMITING LEVELS 

WILL TAKE EFFECT, THIS WILL BE FOLLOWED IN l~l AND BEYOND BY 0,41., 3,4, 
AND 1.0 LIMITS, BEGINNING IN lg3l., HJr'e/ER, THE tlNIR<N'1ENTAL PROTECTION 

.AGENCY (EPA) COULD APPROVE MANUFACTURERS' PETITIONS FOR A WAIVER OF UP TO 

7,0 C0 PWS A 1,5 N0x WAIVER FOR INNOVATIVE ENGINES AND DIESELS, 

Table 4.4 
Passenger Car and Light Truck Emission Standards as 

Specified by the Clean Air Amendment of 
1977, 1976-1985 

(g/mile) 

Passenger cars Light trucks 

Year Federal California a Federal 

HC co NOx HC co NOx HC co 

1976 1.5 15.0 3.1 0.9 9.0 2.0 2.0 20.0 
1977 1.5 15.0 2.0 0.41 9.0 1.5 2.0 20.0 
1978 1.5 15.0 2.0 0.41 9.0 1.5 2.0 20.0 
1979 1.5 15.0 2.0 0.41 9.0 1.5 1. 7 18.0 

1980 0.41 7.0 2.0 0.41 7.0 1.0d 1. 7 18.0 

1981 0.41 3.4e 1.of 0.41 3.4 1.0d 1. 7 18.0 

3.4e 
1.~ 

0.4g h 1982 0.41 0.41 3.4 
1983 0.41 3.4 1.c/ 0.41 3.4 0.4g 
1984 0.41 3.4 1. 0.41 3.4 0.4g 
1985 0.41 3.4 1.0 0.41 3.4 0.4g 

aFederal standards applicable to diesel engines. 

b Less than or equal to 4,000 lb inertia-weight. 

cGreater than or equal to 4,000 lb inertia-weight. 

dl.5 g/mile alternatively at 100,000 miles instead of 50,000. 

eWaiver up to 7 g/mile possible. 

fwaiver up to 1.5 g/mile possible. 

gl.O g/mile alternatively at 100,000 miles instead of 50,000. 

California 

NOx HC co 

3.1 0.9 17.0 
3.1 0.9 17.0 
3.1 0.9 17.0 
2.3 0.41 9.0 

0.50 9.0 
2.3 0.41 9.0 

0.50 9.0 
2.3 0.41 9.0 

0.50 9.0 

hLight truck emission standards have not been promulgated beyond 1981. 

Source: Material developed from briefings with the Environmental Protection 
Agency, Assistant Administrator for Air and Waste Management, Deputy 
Administrator for Mobile Source Air Pollution Control, Sept. 1978. 

NOx 

2.0 
2.0 
2.0b 
1.5 

C 
2.0b 
1.5 

C 
2.0b 
1.0 
1.5c 
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IN DECEMBER 1975, ~GRESS PASSED AND THE PRESIDENT SIGNED THE ENERGY 
Poucv AND ~SERVATI~ Per (EPCA) "1-IICH PROVIDED FCR, AfffiG OTIER 
THINGS, THE DEVELOPMENT OF A GASOLINE AND DIESEL FUEL RATI~ING CCNTINGENCY 
PLAN, THE NATIOO'S INCREASING DEPENDENCE 00 FCREIGN PETROLELM PR<JIPTED 
ENERGY OFFICIALS TO REEXAMINE IN 1977 THE ADEQLL«\CY OF THE PREVIOUS 
RATIOOING PLAN, As OF SEPTEMBER 1978 THE Ecooo-uc REGUL.ATCRY Arr-1INISTRATIOO 
(ERA) HAS HAD REGIOOAL PUBLIC HEARINGS ON THE PROPOSED PLAN, 

Table 4.5. Proposed Gas Rationing Plan Highlights 

1. Basic eligibility for ration allotments will be based on motor 

vehicle registration records maintained by state departments of 

motor vehicles. 

2. Any individual or firm named in the most recent vehicle registration 

record will be eligible for an allotment. 

3. Provisions will be made to transfer eligibility for ration 

allotments when vehicle ownership is transferred. 

4. A new car purchased after the implementation of rationing will be 

entitled to allotments for subsequent ration periods. 

5. Individuals will be allowed to buy and sell ration allotments on a 

"white market." The white market allows individuals to obtain 

additional supplies of gasoline by purchasing ration allotments 

from owners of other registered vehicles or ration exchange centers. 

6. Vehicle allotments will be computed for each type of vehicle 

according to an allotment index based on average annual fuel 

consumption for the vehicle type. All passenger cars and trucks 

under 10,000 lb GVW will be assigned the same vehicle index; trucks 

over 10,000 lb will be assigned higher indexes and motorcycles a 

lower index. 

7. A supplemental allotment will be allowed for designated firms with 

significant gasoline requirements for off-highway vehicles (e.g., 

farmers, construction equipment operators, and fishermen). DOE will 

consult with the Secretary of Agriculture prior to the establishment 

of allotments to farmers. 

8. Each state will be given a state ration reserve to be used for 

issuing hardship allotments. 

9. DOE will establish and maintain a national ration reserve to be 

used to provide the Department of Defense (DOD) with the allotments 

required for the maintenance of national security and for such 

other purposes as DOE finds necessary. 

10. In advance of each ration period, DOE will print and mail ration 

checks with the appropriate allotment amount printed on each check. 

Source: DOE, Economic Regulator Administration, Office of Regulations 

and Emergency Planning, Proposed Standby Gasoline Rationing 

PZan, June 1978. 
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VEHICLE SAFETY STANDARDS POSE VARYING EFFECTS ON FUEL ECONOMY, THE IMPACT ON FUEL ECONOMY IS GENERALLY 
DETERMINED BY THE ADDITION OR SUBTRACTION TO THE VEHICLE'S BODY WEIGHT, THE ADAPTION OF PASSIVE 
RESTRAINTS (AIR BAGS) WILL HAVE THE t-'OST SIGNIFICANT EFFECT ON FUEL ECONOMY WITHIN THE NEXT FEW YEARS, 

Table 4.6. 
Proposed Federal Motor Vehicle Safety Standards (FMVSS), 

Date of Implementation, and Effects on Fuel Economy 

FMVSS Number 

FMVSS 208 - passive restraints, passenger 
car interior, three phases 

Part 581 - exterior bumpers, two phases 

FMVSS 105 - hydraulic brakes, light-
duty trucks 

FMVSS 101 - controls and displays 

FMVSS 116 - color coding brake fluids 

FMVSS 204a - steering column, rear ward 
displacement 

FMVSS 203a - collapsible steering column, 
light trucks and vans 

FMVSS 201a - occupant protection and 
interior impact 

FMVSS 127 - speedometers and odometers, 
accuracy at speeds 

Date 

1982 
1983 
1984 

1979 
1980 

1984 

1982 

1979 

1983 

1983 

1981 

1980 

aExtension to light trucks and vans contemplated. 

Effects on fuel economy 

1% fuel economy loss 

Variable increase in fuel economy, dependent 
on bumper material 

Very slight negative effect on fuel economy 

No effect on fuel economy 

No effect on fuel economy 

No effect on fuel economy 

Very slight negative effect on fuel economy 

Very slight negative effect on fuel economy 

No effect on fuel economy 

Source: Private conversation, National Highway Traffic Safety Administration, Plans and Programs. 
Office, Washington, D.C., August 8, 1978. 
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THE LEVEL OF At.JTH)RITY EXERCISED BY THE INTERSTATE w+'ERCE C'.£M.11ss100 
(ICC) VARIES BY t-'ODE OF CARRIER TRANSPORT, foR EXAMPLE., ICC REGUL.ATIOOS 
AFFECT l(m OF THE RAIL INDUSTRY BUT LESS THAN 5CJ% OF THE TR :K INDUSTRY 
AND ONLY 77,-s'/o OF THE WATER TRANSPORT INDUSTRY, U>NSEQUENTLY., ENERGY 
CONSERVATION M:ASURES THAT RELY ON TIE ICC AND ITS PRESENT JURISDICTIOO 
FOR ENFORCEMENT WJUL.D MEET WITH VARYING DEGREES OF SUCCESS., DEPENDING 
UPON THE t-'ODE OF TRANSPORT CONSIDERED, 

------------------------
140 

120 

~ PEDEIUID BmULATED 

D NOT FEDEIUID REGULATED 

Fig. 4.3. 
Intercity Ton-Miles of Federally Regulated and 

Nonfederally Regulated Carriers, 1975. 

Source: Interstate Commerce Commission, 91st Annual Report of the 
Interstate Commerce Commission, Fiscal Year "Ending June JO, 
19??, Washington, D.C., 1977, p. 139. 
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THE GOAL OF THE tl.ECTR IC AND l-lvBR ID VEHICLE (ffi/) PROORPM IS TO 

ASSURE THE AVAIL.ABILITY AND BROAD MARKET ACCEPTANCE OF VEHICLES Tl-UH 

DO NOT DEPEND UPON PETROLELM AS THEIR PRINCIPAL ENERGY SOURCE. 

1. Implement all the requirements of Public Law 94-413 as amended by 

P.L. 95-238; 

2. Identify market segments that match the capabilities of existing 

vehicles; demonstrate the commercial viability of electric and 

hybrid vehicles, starting in 1979; expand the demonstration annually 

to identify and test new market segments with differing missions, 

operational characteristics and other variables; 

3. Foster the establishment of a self-sustaining hybrid vehicle 

industry capable of producing, marketing, and maintaining general 

purpose vehicles in 1985; 

4. Foster the establishment of a self-sustaining electric vehicle 

industry capable of producing, marketing, and maintaining improved 

specific-mission vehicles by 1984; 

5. Foster the capability of the established electric vehicle industry 

to produce, market, and maintain general-purpose vehicles by 

1995-2000.* 

*Lawrence Livermore Laboratory, Transportation Systems Group, EZeatria 
and Hybrid VehiaZe Program Pl,an Review Draft, May 1978, p. I-V. 
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Public Law 94-413 as amended by P.L. 95-238 in 1978 

The major impact of the Act on the ongoing EHV programs was to 

compress the time of the original federal program and to require 

earlier exposure of electric and hybrid vehicles to market forces. 

Earlier market penetration than original planned can be achieved 

under the Act because of increased emphasis on the three key factors of 

supply, demand, and market. Although an alternative element of risk is 

introduced by this attempt to shorten the time of conswner acceptance 

of these vehicles, the opportunities to be achieved on a national scale 

are enhanced by providing a balance between "market pull" (Demonstration 

and R&D) and "technology push" (R&D Incentives). 

Public Law 94-413 as amended by P.L. 95-238 in 1978, contains the 

following provisions: 

• Authorizes and requires DOE to conduct a federal program 

• 

• 

• 

• 

• 
• 

of research, development, and demonstration designed to bring 

about the commercialization of electric and hybrid vehicle 

technology by demonstrating the technical and commercial 

feasibility of electric and hybrid vehicles . 

Requires that an organization responsible for electric and 

hybrid vehicle research, development, and demonstration be 

established as an entity in DOE . 

Requires that research and development be conducted on electric 

and hybrid vehicles • 

Requires that optimum overall electric and hybrid vehicle 

designs be determined • 

Requires that a demonstration project be conducted and that 

perfomance standards be established for demonstration vehicles . 

Stipulates that specific studies be conducted • 

Stipulates that a program of financial incentives involving 

planning grants and loans be implemented and provides for 

small business participation. 
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The Near-Term Electric Vehicle program will result in the 

development and delivery to the Department of Energy two Integrated Test 

Vehicles (!TVs) incorporating technology improvements for energy­

efficient operation. The ITVs will meet the Near-Term Objectives and 

will be amenable to mass production in the early 1980s. These objectives 

define a four-pa-ssenger car similar in concept to today's subcompact 

vehicle, which is widely used for urban transportation and commuting 

service. The driving mission for this car is specified by means of the 

Society of Automotive Engineer J277a (Schedule D) driving cycle, which 

is representative of urban stop-and-go driving. The two contractors 

producing the ITVs are: General Electric Company and Garrett/AiResearch 

Manufacturing Company. 

Source: General Electric Company, Near-TeY'ITI Electric Vehicle Phase II -

Mid-TeY'ITI Swnmary Report, July 1, 1978, p. 1-1. 
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The DOE Electric Vehicle Demonstration Project has been specifically 

prescribed by P.L. 94-413 as amended by P.L. 95-238 and established to 

determine the economic and technological practicability of electric 

and hybrid vehicles for personal, commercial, and government use in urban 

and agricultural areas. The project will continue through FY 1986. 

P.L. 95-238 requires at least the following numbers of vehicles to be 

added to the project in the fiscal years specified: 

200 in FY 1978 

600 in FY 1979 

1700 in FY 1980 

7500 in the period 1981 through 1984. 

The five site operators selected for 

American Telephone and Telegraph Co. 

Consolidated Edison of New York, Inc. 

E/HV Inc. (Penn. Jersey Subaru, Inc.) 

Long Island Lighting Co. 

Walt Disney World Co. 

FY 1978 are: 

Source: Lawrence Livermore Laboratory, EZeatT'ia and Hybrid VehiaZe 

Program Plan Review Draft, May 30, 1978, p. 20. 
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WRRENT STATE-OF-THE-ART PERF~CE VARIABLES ARE h£LL WITHIN OCf DEMONSTRATION PERF~CE STANDARDS, 
!XE D~STRATIOO STANDARDS VARY FOO CQYfv'fRCIAL AND PERSOOAL TYPE VEHICLES, 

Table 4.7 
Comparison of Electric Vehicle State-of-the-Art Performance Variables and 

DOE Demonstration Performance Standards 

Performance items 

Top speeds at which range was 
tested km/h 

Ref. constant speed range tests 
40 km/h 
56 km/h 

Driving cycle range tests 
J 227 s B cycle 
J 227 s C cycle 

Energy use in kWh/km at 
40 km/h 
56 km/h 

B cycle 
C cycle 

Battery recharge time in hours 
from 80% DoD 

Acceleration time in seconds 
0-32 km/h 
0-40 km/h 
0-50 km/h 

Gradeability at speeds 
24 km/h 
32 km/h 
40 km/h 
SO km/h 

SOA personal 
vehicle data range 

50-82 

42-188 km/h 
45-141 km/h 

32-128 
34-123 

.15-.42 km/h 

.18-.36 km/h 

.22-.58 

.23-.66 

0% DoD 
6.5-16 s 
9.6-21 s 

14.4-32 s 

6-18 

80% DoD 
7.8-25.4 s 
12-35.8 s 

16.4-60 s 

0% DoD 80% DoD 
3.7-16% G 1.9-15.2% G 
2.5-9.4% G 2.8-8.5% G 

3.2-10.1% G 1.3-8.3% G 
2.4-5.8% G 0.9-6 . 4% G 

DOE demonstration 
performance standards 

80 km/h for a minimum 
of S minutes 

SO km (EV); 200 km (HV) 

10 hours 

0% DoD 80% DoD 

16 seconds 16 seconds 

0% DoD 
10% G@ 
25 km/h 

80% DoD 
10% G @ 

25 km/h 

b - Standards that have been set for the first demonstration of 200 vehicles 

km/h - Kilometers per hour km - Kilometers 

DoD - Battery depth of discharge (EV) - Electric vehicle 

% G - Percent grade capability (HV) - Hybrid vehicle 

s - Seconds 

SOA commercial 
vehicle data range 

48-84 km/h 

58-120 km/h 
43-100 km/h 

33-100 
32-89 

.18- .47 km/h 

.24-.51 km/h 

.34-.74 

.29-.81 

10-16 

0% DoD 
5.8-12.2 s 
8.5-15.3 s 

12.3-32.4 s 

80% DoD 
6.8-13.1 s 

10.5-17.6 s 
15.3-39.3 s 

0% DoD 80% OoD 
10.8-20% G 6.4-14% G 
6.4-12.4% G 5.2-8.0% G 
3.6-9.7% G 2.8-5.8% G 
0.7-8% G 0.7-5.2% G 

DOE demonstration 
performance standards 

70 km/h for a m1n1mum 
of S minutes 

SO km (EV); 200 km (HV) 

10 hours 

0% DoD 80% DoD 

15 seconds 15 seconds 

0% DoD 80% DoD 
10% G 10% G 

at 25 km/h at 25 km/h 

Source: Walter J. Dippold, "Electric Vehicle State-of-the-Art Assessment Update," presentated at the 5th International EHV Symposium, 
Philadelphia, Penn., October 1978. 
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URRENT ESTIMATES OF ELECTRIC VEHICLE PARAMETERS ARE St-0~ TO BE WITHIN 
IDE-E~ NEAR-TERM PHASE II GOALS, T~SE ELECTRIC VEHICLES WILL BE 
CQ\1PLETED AND READY FOR TESTING BY ~y 1979, WHEN RECEIVED BY THE 
FEDERAL GOVERNt-ENT, THE VEHICLES WILL BE TESTED AND EVALUATED, THEN USED 
IN PROJECTS TO TAKE ADVANTAGE OF ANY UPGRADED OR IMPROVED CQ\1PONENTS 
AVAILABLE AT THAT TIME, 

Table 4.8 
Near-Term Electric Vehicle Parameters 

Parameter 

Min. passenger capacity 
Max. curb wt., lb 
Min. urban range (J227D). M. 
Max. initial cost, projected, 1975 $ 
Min. life, mi 
Max. life, cycle cost, projected, 

1975 $/mi 
Max. electric recharge energy in 

urban driving kW-hr/mi 
Max. recharge time, hr, 110 volt/30 amp 
Min. passing speed, mph 
Min. cruising speed, mph 
Min. accessories 

Safety features 
Min. unserviced park duration, dry 
Max. years till production ready 
Max. critical materials required 
Min. acceleration (0 to. 30 mph), sec 
Min. merging time (25 to 55 mph), sec 
Sustained speed on 5% grade, mph 
Max. scheduled maintenance 
Battery type 
Min. ambient temp. range, °F 

aFederal Motor Vehicle Safety Standards. 

Near-term 
goals 

4 adults 
open 

75 
5,000 

100,000 

0.15 

0.50 
8 

60 
55 

heater/defroster, 
on board charger 
all FMVSSa 

7 
5 

few 
9 

18 
so 

2¢/mile 

-20 to +105 

Current Phase 
II technology 

estimates 

4 
2,856 

79 
5,000 

100,000 

0.15 

0.39 
8 

68 
55 

same 
all FMVssa 

7 
5 

none 
8 

11 
so 

1.4¢/mile 
lead acid 
-20 to +105 

Source: Department of Energy, Transportation Energy Conservation 
Division, Electric and Hybrid Vehicle Contractors Coordination 
Conference, Garrett Corporation Briefing, June 1978. 
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A ~SELINE PROJECTION WHICH ASSIJVfD NO FEDERAL INCENTIVE PROGRAMS WAS CQ\1PARED TO A SERIES OF PRO­

JECTIONS BASED ON VARIOUS POSSIBLE INCEN-TIVES, A $3AID SUBSIDY TO EV PffiCHASERS (TABLE LJ.9J ITEM 3) 

WOULD REPRESENT TIE fv'OST ATTRACTIVE INDIVIDUAL INCENTIVE TO THE CCJIJSUMERJ \+!ILE THE CCJ-1BINATION OF A 

50¢ GAS TAX IN ANNUAL INCREMENTS OF 5¢ AND AN OPERATING SUBSIDY EQUAL TO ONE-THIRD OF INITIAL AND ALL 

OPERATING COSTS TO PURCH4SERS (TABLE 4.9J ITEM 10) REPRESENTS THE BEST STIMULANT FOR EV DEMAND. 

Table 4.9 
Analysis of Incentives to Stimulate the Demand for Electric Vehicles 

1990 1990 1990 
Vehicle sales On-the-road stock Distance driven 

Policy 

Number 
% Number % millions % 

increase increase of km increase 

Baseline 23,000 -- 167,000 -- 2,269 
1. $300 Subsidy to 32,000 39 231,000 38 3,458 52 

EV Purchasers 
2. $1,000 Subsidy to 67,000 191 491,000 194 7,340 223 

EV Purchasers 
3. $3,000 Subsidy to 554,000 2,308 4,142,000 2,379 61,663 2,617 

EV Purchasers 
4. Off-Peak Electricity 31,000 35 226,000 35 3,393 49 

Prices of Night Time 
Battery Recharging 

5. 50 cents Gas Tax Imposed 69,000 200 457,000 174 7,037 210 

in Annual Increments of 
5 cents Beginning in 1978 

6. 10 cents Gas Tax Imposed 28,000 22 209,000 25 3,127 38 

Immediately 
7. Doubling of Range of 70,000 204 543,000 225 8,016 253 

Vehicle (at no cost) 
8. Operating Subsidy, 279,000 1,113 2,300,000 1,099 29,974 1,221 

Equal to One-Third of Initial 
and (with minor exceptions) 
All Operating Costs 

9. Combination of 5. and 7. 210,000 813 1,447,000 766 22,223 879 

10. Combination of 5. and 8. 809,000 3,417 5,331,000 3,092 82,085 3,515 

Source: Department of Energy, Transportation Energy Conservation Division, The First Annual Report 
to Congress on the Implementation of Public LabJ 94-413 - The Electric and Hybrid Vehicle 
Research, Development and Demonstmtion Act of 19?6, Washington, D.C., December 1977, p. 40. 
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AN ASSESSt,'ENT OF ACTUAL AND PROJECTED U.S. AND \trnl.D DEtwID FOR KEY 
BATTERY MATERIALS PROVIDES A BASELINE AGAINST ~ICH ADDITICNAL MATERIAL 
Fffi ELECTRIC CAR BATTERIES MAY BE CCM>ARED, 

Table 4 .10 

Demand for Materials in the Absence of Electric Cars 

Millions of kilograms 

Material 1974 1990 2000 

U.S. World U.S. World U.S. World 

Lead 845 3,077 1,189 5,410 1,388 6,867 
Antimony 18 70 33 107 44 128 
Nickel 199 704 274 1,128 349 1,442 
Zinc 1,328 5,866 2,204 9,081 2,767 11,203 
Cobalt 10.4 31.3 14.6 45.8 19.5 62.1 
Lithium 4.5 7.3 8.5 16.6 12.7 26.3 
Molybdenum 34.5 90.7 60 181 87.5 266 

Source: Department of Energy, Transportation Energy Conservation 
Division, The Second Annual Report to Congress on the 
Irrrplementation of Public Law 94-413 - The Electric and 
Hybrid Vehicle Research, Development and Demonstration Act 
of 1976, Washington, D.C., Sept. 1977. (Draft), December 1977. 

/tr THE PROWCTION RATE OF ONE MILLION ELECTRIC CARS PER YEAR., ELECTRIC 
CARS WC.\JL.D ACCOOO Fffi LESS THAN 10% OF NEW CARS IN THE i.NITED STATES, 
WITH THIS PRODLCTION RATE., SIGNIFICANT DEtwID INCREASES OCCUR FOR EVERY 
MATERIAL EXCEPT ZINC, LITHILM Sl--™S THE LARGEST INCREASES BECAUSE 
PRESENT DEMAND Is LOW I 

Table 4 .11 

Increased Demand for Materials from Manufacturing 
One Million Electric Cars Per Year 

Percent increase in demand for materials 
Car 

range, Battery material 1990 2000 
km 

U.S. World U.S. World 

75 Lead 44 9.6 37 7.6 
Antimony 36 11.0 27 9.4 

100-150 Lead 19-31 4.3-6.8 17-27 3.3-5.4 
Antimony 12-19 3.6-5.8 8.6-14.1 3.0-4.8 

150-250 Nickel 31-62 7.6-15.0 25-48 6-12 
Zinc 5-10 1.2-2.5 4.0-8.1 1-2 
Cobalt 10-20 3,3-6.3 7.7-15.0 2.4-4.7 

250-450 Cobalt 25-47 8.1-15.0 19-35 6.0-11.1 
Lithium 180-340 90-170 120-230 57-110 
Molybdenum 18-35 6.1-12.0 13-24 4.1-7.9 

Source: Department of Energy, Transportation Energy Conservation 
Division, The FiPst Annual RepoPt to CongPess on t1ie 
Implementation of PubZia Lal,) 94-413 - The EZeatr>ic and 
Hybl'id VehioZe ReseaPah, Development and Demonstmtion Aat 
of 1976, December 1977. 
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4-31 = TOTAL ELECTRIC VEHICLE USAGE IS MODEST WHEN CQ\1PARED TO OTHER TRANSPffiTATION 

t'ODES IN THE lf.4ITED STATES, ANNUAL MILEAGE FOR ELECTRIC VEHICLES IS LCMJ 
TYPICALLY 5000 KILCJ-1ETERS (300) MILES) PER VEHICLE EACH YEARJ COWARED TO 
AN AVERAGE 18J(Xl) KILQ\1ETERS (lLCXI) MILES) PER YEAR FOR THE flMERICAN 
AUTQ'vOBILE AND 94ilJ0 KILOMETERS (58A:XX) MILES) PER YEAR BY INTERSTATE 
BUSES, THE TOTAL ANNUAL TRAVEL FOR ELECTRIC VEHICLES HAS BEEN INCREASING 
RAPIDLY AND IS PRESENTLY ESTIMATED TO BE APPROACHING 3 MILLION KILOMETERS, 
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Fig. 4.4. Vehicle Travel in the United States. 

Source: Department of Energy, Transportation Energy Conservation 
Division, State-of-the-APt Assessment of ElectPic and HybPid 
Vehicles, Washington, D.C., February 1978, p. 69. 
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THE ELECTRIC VEHICLE ENERGY CONSLMPTION AT CONSTANT SPEED VARIES CON­
SIDERABLY Ar'ONG VEHICLES., A!"ID THE SENSITIVITY TO SPEED IS ALSO QUITE 
DIFFERENT FOR THE DIFFERENT VEHICLES, ENERGY CONSI.NPTIQ\J IS PROPORTIONAL 
TO THE WEIGHT OF TIE VEHICLE AND THE RATIO OF RESISTIVE ACCELERATION TO 
TIE DRIVELINE EFFICIENCY, ENERGY CONSI.NPTION ALSO VARIES WITH SPEED BY 
THE RELATIVE RATE OF INCREASE OF RESISTIVE ACCELERATION AND DRIVELINE 
EFFICIENCY AS SPEED IS INCREASED, 
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Fig. 4.5. Energy Consumption as a Function of Vehicle Speed 
for Electric Test Vehicles. 

90 

Source: Department of Energy, Transportation Energy Conservation 
Division, State-of-the-Art Assesement of EZeatria a:nd Hybrid 
VehiaZes, Washington, D.C., February 1978, p. 55. 
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Fig. 4.6. Speed-Time Dependence of Various Driving Cycles. 

Sources: M. F. Fels, Princeton University, Center for Environmental Studies, 
Driving Cycles for Fuel Economy Testing, Internal Working Paper, 
August 1977; Department of Energy, Transportation Energy 
Conservation Division, Highwa.y Vehicle Systems Contractors Co­
ordination Meeting, Washington, D.C., October 1977, p. 296; 
State-of-the-Art Assessment, February 1978, p. 35. 
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Hybrid Vehicle System 

The hybrid vehicle concept has recently reemerged as a means for 

automobiles to meet stringent exhaust emission limits with a minimum of 

engine modifications or exhaust gas treatment. The chief market at which 

hybrid development has been aimed is essentially the same as the market 

for pure electric vehicles: the small, utilitarian 2- and 4-passenger 

private car and some light duty commercial applications. 

The typical hybrid concept (an internal combustion engine and a 

battery system) is a competitor with the pure electric vehicle in the 

small vehicle market. The hybrid offers the possibility of better 

performance (i.e., improved acceleration, longer range, etc.) at the 

expense of more complex engine/powertrain design and control and the 

need to deal with two energy sources (electricity and fuel). 

Hybrid vehicle technology is much less developed than pure electric 

technology both in this country and abroad. Volkswagon and Robert Bosch, 

Inc. of Germany, and Petro-Electric, Gould, General Motors, and University 

of Florida of the United States are among the organizations that have 

experimented with hydrid vehicles. However, most of the work has been 

at the proof-of-concept stage rather than at the prototype or pre­

production level. No hybrid vehicles are being offered for sale to the 

general public at this time. 

The hybrid vehicle system R&D task area is only beginning, with the 

definition of near-term vehicle performance specifications and development 

of preliminary designs scheduled for completion by the fourth quarter of 

FY 1979. Near-term vehicles based on these designs are scheduled for 

delivery by the first quarter of FY 1982 and several advanced vehicles 

for about four years later. 

Sources: Department of Energy, Transportation Energy Conservation 

Division, The First Annual Report to Congress on the 

Implementation of Public L(JJ;) 94-413 - The Electric and Hybrid 

Vehicle Research, Development and Demonstration Act of 1976, 

December 1977, p. 2; Department of Energy, Transportation 

Energy Conservation Division, Environmental Development Plan, 

March 1978, p. 54. 
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THE HEAT ENGINE PROGRAM WAS BEGUN IN 1971. THE INITIAL OBJECTIVE WAS 
THE DEVELOPMENT OF HEAT ENGINES WITH SIGNIFICANTLY REDUCED EXHAUST 
EMISSIONS, IN 1972, A SECOND OBJECTIVE, HIGH FUEL ECONOMY, WAS ADDED 
TO THE PROGRAM, Ju. KNOWN lYPES OF HEAT ENGINES WERE STUDIED AND 
EVALUATED WITH REGARD TO POTENTIAL FOR LOW-COST PRODUCTION, VERSATILilY 
IN ENGINE SIZE, TECHNICAL BARRIERS TO DEVELOPMENT, AND INDUSTRY INTEREST 
IN THE CANDIDATE ENGINE AS WELL AS FOR FUEL ECONOMY AND EMISSIONS, 

THE PROGRAM IS t-WJAGED BY THE OFFICE OF HIGHNAY SYSTEMS IN THE DIVISION 
OF TRANSPORTATION ENERGY CoosERVATION, PROJECT ~NAGEMENT HAS BEEN 
DELEGATED TO THE NASA-LEWIS RESEARCH CENTER, CLEVELAND, OHIO, 

HEAT ENGINE PROGRAM 

Objectives 

Public Law 95-238, signed into law in February 1978, directed a 

program plan in which the Heat Engine Highway Vehicle Program 

encompasses the following objectives: 

• To develop by 1983 advanced gas turbine and Stirling automobile 

propulsion systems that have: 

- at least SO% improvement in fuel economy compared to an 

internal combustion engine automobile system for similar 

performance. 

- emission levels that meet or exceed the most stringent federal 

research standards (0.4/3.4/0.4 g/mile, HC/CO/NOx). 

-- ability to use a broad range of liquid fuel derived from 

crude oil as well as synthetic fuels from coal, oil shale, 

and other sources. 

- suitability for production engineering and commercialization. 

• To develop technology which will overcome barriers to better 

fuel economy without sacrificing other characteristics listed. 

Sources: Department of Energy, Transportation Energy Conservation 

Division, Heat Engine PI>ogram Plan, August 1978, (draft); 

George M. Thur, Department of Energy Automotive Heat Engine 

PI>ogram, Society of Automotive Engineers Technical Paper 

Series, August 1978, p. 4. 
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THE GAS TURBINE DEVELOPt-ENT PROGRAM WAS INITIATED IN 1972 WITH TI-E 
CHRYSLER CoRPORATION, THE CURRENT UPGRADED ENGINE DESIGN IS APPROACHING 
DES I GN PCMER AND SFC* GOALS AFTER lVO YEARS OF SYSTEM DEVELOPMENT, CoN­
TRACTI NG TEAMS FOR THIS PHASE WERE CAREFULLY SELECTED TO PROVIDE A BLEND 
OF AUTO AND AEROSPACE ENGINEERING APPROACHES, THESE TEAMS WERE: 
(1) Ali.ISON DIVISION/PONTAIC DIVISION-GENERAL f'oTORS; (2) CHRYSLER 
CoRPORATION; (3) AIREsEARcHIFoRD r'oToR UJ.1PANY; AND (4) WILLIAMS RESEARCH! 
h-iER I CAN t·bTORS GENERAL I 

GAS TURBINE HIGHWAY VEHICLE SYSTEMS PROGRAM 

Objectives 

The major objectives of the Gas Turbine Highway Vehicle Systems 

Program are as follows. 

• To-provide within the U.S. automobile industry by 1983 the 

technology base to permit the industry to make a decision 

concerning production development of improved gas turbine 

propulsion systems. An improved gas turbine propulsion system 

is defined as one which incorporates existing and near-term 

technology and which exhibits some significant improvement in 

efficiency, driveability, utilization of alternate fuels, and 

reduced emissions and/or reduced cost over existing gas turbine 

propulsion systems thereby improving the marketability of the 

systems. In this approach, major advances in technology are not 

required so that relatively early development programs can be 

undertaken with reasonable risk. 

• To allow programmatic decisions to be made by 1984 on continued 

efforts toward more advanced gas turbine propulsion systems. An 

advanced gas turbine propulsion system is defined as one which 

incorporates significant advances in technology and achieves 

major improvements in several of the system performance indices. 

Because of its dependence on major advances in technology, the 

advanced gas turbine propulsion system development requires a 

strong supporting research and technology program, is no longer 

range and entails somewhat higher risk. 

• To develop enabling technology for production of more advanced 

gas turbine propulsion systems in the early 1990s. 

*Specific Fuel Consumption: Pound of fuel/horsepower/hour, burned 
by the engine. 
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THE GAS TURBINE PROGRAM WILL PROVIDE THE MASS lRANSPORTATICJ'.J INDUSTRY 
WITH DEflONSTRATION INFORMATION ON ADVANTAGES OF GAS TURBINES IN URBAN 
BUSES, THE PROGRAM WILL ALSO PROVIDE THE GOVERNMENT WITH OPERATIONAL 
DATA ON USE OF GAS TURBINES IN HEAVY-DUTY, STOP-AND-GO APPLICATIONS, 

ENGINE SPECIFICATIONS OF TI-fE GAS TURBINE ENGINE FOR 

DOE/TEC-DOT/UMTA BUS APPLICATION 

TYPE: TWO-SHAFT, TWIN REGENERATOR WITH POWER TRANSFER 

Weight Approx. 1800 lb 

Power Rating 300 Hp @85°F 

500 ft altitude 

SFC Pre-Production 0,40 lb/hp-hr 

Production 0.40 lb/hp-hr 

Production Improved 0.38 lb/hp-hr (2200°F Turbine Inlet) 

Sources: Department of Energy, Transportation Energy Conservation 

Division, Highway Vehicle Systems Contractors Coordination 

Meeting: Thirteenth Swrunary Report, March 1978, p. 56; 

George M. Thur, Department of Energy Automotive Heat Engine 

Program, Society of Automotive Engineers Technical Paper 

Series, August 1978, p. 6. 
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THE STIRLING-CYCLE ENGINE OFFERS HIGHLY DESIRED LEVELS OF FUEL ECON0'1Y 
AND EMISSIONS AND OF MJLTIFUEL CAPABILITY. THE STIRLING IS AN EXTERNAL., 
CONTINUOUS COMBUSTION ENGINE. IT USES A CLOSED CYCLE., AND A GAS SUCH 
AS HYDROGEN OR HELILM IS SEALED WITHIN THE ENGINE. THE ENGINE NOW UNDER 
STUDY UTILIZES FOUR DOUBLE-ACTING PISTONS, EACH PISTON SERVES AS THE 
DISPLACER FOR ONE CYLINDER AND AS THE POWER PISTON FOR THE NEXT CYLINDERi 
THUS THE SPECIFIC VOLLME (VOLUME/PCMER) IS CUT NEARLY IN HALF. THE FOUR 
CYLINDERS ARE ARRANGED IN A CIRCLE TO ALL<l'J THE USE OF ONE HEATER FOR 
ALL THE CYLINDERS, 

STIRLING ENGINE PROGRAM 

Objectives 

The major objectives of the Stirling engine program are as follows. 

• To provide the U.S. automobile industry with an option by 1984 

to enter into propulsion development of improved Stirling engine 

propulsion systems. 

• To allow programmatic decisions to be made by 1983 on continued 

efforts toward more advanced Stirling engine propulsion systems. 

• To develop enabling technology for possible production of advanced 

Stirling engine propulsion systems in the early 1990s. 

Sources: Department of Energy, Transportation Energy Conservation 

Division, EnviPonmental Development Plan, March 1978, p. 13; 

George M. Thur, DepaPtment of EnePgy Automotive Heat Engine 

P-PogPam, Society of Automotive Engineers Technical Paper 

Series, August 1978, p. 6; Lawrence Livermore Laboratory, 

TAC PPogPam Plan, September 1978, p. III-5 (due to current 

reorganization and uncertainty of the program status, this 

document represents the present scope of the program as of 

September 1, 1978, in draft form). 
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fuEL ECONQ\1Y TESTS ARE MEASURED AGAINST A BASELINE MPG STANDARD, USE OF 
DIESEL FUEL ~LD YI ELD AN ADDITIONAL ll% INCREASE IN ECONCJ-1Y, THE BEST 
VEHICLE TEST RESULT IS 12.6 MPG LESS THAN THE BASELINE, SEVERAL CI-WJGES 
HAVE BEEN fv'ADE TO THE ENGINE., AND DYNAMETER TESTS HAVE RESULTED IN A 
SIMULATED 14,4 MPG, 

WITH ADDITIONAL IMPROve-ENTS UNDERWAY., IT IS FELT THAT THE Pi-LA.SE l 
OBJECTIVES OF 15,7 MPG WILL BE ACHIEVED, PRELIMINARY ANALYSIS SI-OWS 
THAT A HIGH-TEMPERATURE., CERAMIC HEATER-HEAD STIRLING ENGINE MIGHT BE 
CAPABLE OF ACHIEVING UP TO 23.3 MPG, 

20 10 0 10 20 30 40 50 60 
I I I I I I I I ' I I I I I ' I I 
% WORSE- BETTER THAN BASELINE 

' ... E_o_v_A_N_c_E_o_c_E_R_A_M_1c_E_= N_G_I N_E ______ ...,._ ________ _.) 23_2 MPG 

ERDA CONTRACT (4TH GENERATION) OBJECTIV!=S 20.2 MPG 

jPHASE I OBJECTIVES i] 15.7 MPG -----------------.... 

'BEST DYNAMOMETER TEST TO DATE J 14~4 MPG _______________ __,. I 

.. f s_E_s_T_v_E_H_I_c_L_E_T_E_s_T_T_o_o_A_T_E ___ _,I 12.6 M pq 
I 

_( 1_s_11_L T_D_II_B_A_S_E_L_IN_E _________ _.,, s.5 MPG 

I I I I I I I I I I I I I 

5 10 15 20 25 
METRO HIGHWAY FUEL ECONOMY (MPG) 

Fig. 4. 7. Stirling Engine Fuel Economy. 

Source: Department of Energy, Transportation Energy Conservation 
Division, Highway Vehiale Systems Contraators Coordinating 
Meeting, Thirteenth Swnmar-y Report, Washington, D.C., 
March 1978, p. 247. 
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INITIAL EMISSION TESTS ON TI-E STIRLING-POWERED VEHICLE HAVE NOT YET MET 

EXPECTATIONS, VEHICLE TESTS RESULTED IN HC AND t()x LEVELS BOTH ABOVE 

THE LOW MILEAGE AND 50.,(D) MILE OBJECTIVES, WITH IMPROVED FI.M:R OPERATION., 

DYNAMJ.1ETER TESTS HAVE RESULTED IN HC AND f'Ox LEVELS BELCM THE 50.,(XX) 
MILE OBJECTIVES, HoWEVER., t{)x AND CO LEVELS WERE STILL HIGHER THAN THE 

LOW MILEAGE OBJECTIVES, 

- HYDROCARBONS -GA/Ml 

0 0.5 
I I I I I I I I -· .... ~,=..._-, ~,~,------~, .. .. c: · · . ' . : - ... · · • . · ·. ··. _ (0 58) VEHICLE TEST 

010.04) DY+~M T~ST • • , . 

I 10.101 COMBUSTOR RIG TEST 
: I 

CARBON MONOXIDE-GR/Ml ------------0 1 2 3 4 
------~•--- I I I . ------ - ···- --~.,...- . ·. . . ~- I -•- .··· -::\·.--: ~· ·.·-:. · ~ '._· ... ··'·.::• . .-.,, ... (29) VEHICLE TEST . --· . •. :-_;._. . . , -~~:~--. .:.:..._ . I 

. · • ·_·T·~ .. : . ~-: · e7l (2 .0) DYNA MOM TEST 

D (0.3) COMBUSTOR Rl1 TEST I 
OXIDES OF NITROGEN-GR/Ml 

0 0.5 
I I I I I I I J 

11111,111, LOW MILEAGE OBJECTIVE 
-=--- 50 K MILE OBJECTIVE (CLEAN AIR ACT AMENDMENT OF 1970) 

Fig. 4.8. Stirling Engine Emissions. 

1.0 
_j____J 

J 

5 
I 

Source: Department of Energy, Transportation Energy Conservation 
Division, Hig'hu.Jay VehiaZe Systems Contractors Coordina.ting 
Meeting, Thirteenth Swrmary Report, Washington, D.C., 
March 1978, p. 249. 
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THE ALTERNATIVE FUELS lJrILIZATION PROGRAM PROVIDES FOR GOVERN'-1ENT 
PARTICIPATION IN R&D DESIGNED TO FIND THE BEST MEANS OF USING ALTERNATIVE 
FUELS IN HIGHWAY VEHICLES FROM THE STANDPOINT OF RESOURCE/FUEi/ENGINE 
SYSTEM OPTIMIZATION, THE GOAL OF THE PROGRAM IS TO LOWER THE UNCERTAINTY 
COSTS ASSOCIATED WITH DEVELOPMENT OF ALTERNATIVE FUEL TECHNOLOGIES IN 
THE TRANSPORTATION SECTffi AND TO ENCOURAGE THE USE OF SUCH FUELS, 

ALTERNATIVE FUELS UTILIZATION PROGRAM 

Objectives 

• Identification and evaluation of new hydrocarbon fuels based on 

an understanding of the fuels production and the design of engines 

optimized for these fuels. 

• Identification and evaluation of alcohol fuels based on an 

understanding of fuels production and engine design optimized 

for these fuels. 

• A study of the consequences of using synfuels in standard or 

improved existing engine types. 

• An assessment of advanced fuels including hydrogen and 

carbonaceous fuels. 

• An assessment of the use of nonstandard fuel in an emergency. 

Source: Lawrence Livermore Laboratory, TAC Progrcon Plan, September 1978, 

p. III-7 (due to current reorganization and uncertainty of the 

program status, this document represents the present scope 

of the program as of September 1, 1978, in draft form). 
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AA ENERGY STUDY OF MARINE TRANSPffiTATION SPONSORED BY THE tbNHIGHWAY 

TRANSPffiT SYSTEMS BRANCH IDENTIFIED SPECIFIC REGULATIONS THAT 
IMPACT OR COULD IMPACT CQYMERCIAL MARINE TRANSPORTATION ENERGY CONSLMPTION, 

THREE OF THE REGULATIONS IDENTIFIED HAVE IMPACTS GREATER THAN 1 % OF 

TOTAL INDUSTRY CONSLMPTION IN 1974, 

Table 4.12 
Energy Impacts Due to Regulatory Actions 

Case study 

Puget Sound tanker 
regulations 

Foreign sale of Alaskan 

Energy impact 
increase 

(decrease) 
in quads 

0.0003 to 0.001 

crude 0.006 to 0.103 

Segregated ballast 0.0 to 0.066 

Inland waterway user 
charges 0.003 to 0.005 

Cargo pooling or service 
rationalization (0.0 to (0.073) 

Minibridge (0.005) 

Lock and dam 26 0.0 to 0.0007 

Percent of industry 
consumption in 1974 

Low High 

0.01 - 0.35 

2.29 

0.00 

3.58 

2.29 

0.10 - 0.17 

(0.00) - (2.54) 

(0.17) 

o.oo 0.02 

Source: Department of Energy, Transportation Energy Conservation 
Division, Nonhighway Transport Systems, An Energy Study 
of the Marine Transportation Industry, Volwne I, June 
1978; Boaz-Allen and Hamilton, An Energy Study of the 
Marine Transportation Industry, Vol. I, Department of 
Energy, Transportation Energy Conservation Division, 
Washington, D.C., December 1977. 
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~ ENERGY STUDY OF RAIL.ROAD FREIGHT TRANSPORTATION SPONSORED BY TIE 
NONHIGHwAY TRANSPORT SYSTEMS BRANCH HAS ANALVZED SEVERAL CONSTROCTION 
OPPOITTUJITIES AS TO TI-EIR POTENTIAL ENERGY Ir-PACTS, 

Potential Rail Freight Transportation 
Energy Conservation Opportunities 

Improved Equipment 

1. Use of aluminum cars - 15% energy reduction 
2. 15% improvement in wheel-rail adhesion - 5% energy reduction 
3. Wheel bearing seals for cars with roller bearings - 6% energy 

reduction 
4. Recovering waste heat from exhaust of a diesel engine - 8% energy 

reduction 

Road Bed Improvement and Braking Energy Recovery 

Small energy savings can be obtained by: 
1. Rebuilding of lines to reduce curves and grades, 
2. Recover braking energy by regeneration and storage 

Improved Operations 

Many improvements in rail operations have resulted in fuel savings. 
Standardization of fueling equipment, matching of locomotive consists 
to loads, coordination of brake application and throttle procedures are 
a few energy saving devices. 

Alternative Fuels 

The substitution of alternate fuels for petroleum is a direct energy 
saver. Alternate fuels being studied to include heavier petroleum fuels, 
synthetic petroleum, ammonia, and hydrogen. 

Intermodal Systems 

Combinations of highway and rail transport of freight offer potential 
energy advantages. In the future, coordination of systems will increase 
by a new service that provides for wider-load-carrying capacity with 
highway dimensions. 

Encouragement of Shippers to Use Railroads 

Shippers can be encouraged to use rail in two ways: 
1. Controls applied to trucking 
2. Changes to railroad operations would bring selected market segments 

to rail. 

Regulations and Tariffs 

1. Change rate structure to encourage shorter hauls, 
2. Lower rates on backhauls, 
3. Allow nonrailroad car owners to contribute to the freight car fleet, 
4. Allow rail carriers to raise or lower the rates charged for the 

transportation of various commodities along low-density branch 
lines. 

Source: SRI International, An Energy Study of RaiZroad Freight 
Transportation, VoZwne I, Department of Energy, Transportation 
Energy Conservation Division, August 1977. 
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THE AVERAGE VANPOOL TRIP IS 25 MILES ONE WAY, AND THE AVERAGE TRANSIT 
CCM-1UTER TRIP IS 6 MILES ONE WAY, THE Co«JTING t/ARKET BEING SERVED BY 
VANPOOLS IS ESSENTIALLY THE 27% OF CCM-1UTERS TRAVELING IN EXCESS OF 10 
MILES TO \\ORK, THIS Ml\RKET SEGENT CONSLMES 69% OF CCM-1UTER VEHICLE­
MILES OF TRAVEL, WHILE APPROXIML\TELY 93% OF THE VANPOOLS SERVE SUBURBAN 
OR RURAL EMPLOYMENT LOCATIONS, ONLY 5% SERVE CENTRAL BuSINESS DISTRICTS 
(CBD) LOCATIONS, THE REML\INING 2% OF VANPOOLS SERVE BOTH CBD AND 
SUBURBAN \\ORK LOCATIONS, 

Table 4.13 
The Growth of Employer-Sponsored Vanpools, 

1973-1978a 

Number of % Number of 
sponsors 

Number of 
sites vanpools Change 

6 April 1973 
April 1974 
April 1975 
April 1976 
April 1977 
February 1978 

1 
15 
25 
56 
86 

125 1,198.3 
240 
643 

1,100 
122 163 1,986 

aThese figures do not include the estimated 2,000-3,000 driver­
owner-operated vanpools believed to be in existence in the United 
States. 

92.0 
167.9 

71.1 
80.6 

Source: Environmental Protection Agency and Department of Energy, 
Assistant Secretary for Conservation and Solar Applications, 
Transportation Programs Office, "Vanpooling, An Update," 
May 1978. 
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Table 4 .14 
Federal Taxes Derived from Transportation, 1950-1976 

($ 106) 

Corporate income and profits taxes 
Transportation companies 
Transport equipment mfgrs., exc. motor 
Motor vehicle and equipment mfrgrs. 
Automotive sales and services 

Total 

Excise Taxesa 
Gasoline 
Diesel and special motor fuels 
Use tax on large motor vehicles 
Lubricating oil 
Motor vehicles, parts, and accessories 
Tires, tubes, and tread rubber 
Transportation of property 
Transportation of Eeople 
Other excise taxes 

Total 

Income and employment taxesb 
Total federal transportation taxes 
Total federal taxes 

Transportation taxes as a percent 
of total 

1950 

862 
162 

1,799 
342 

3,165 

568 

45 
781 
184 
340 
229 
831 

2,978 

2,673 
8,816 

38,957 

22.6 

1960 

684 
322 

1,729 
214 

2,949 

2,224 
82 
45 
47 

1,781 
299 

2 
261 

1,235 

5,976 

7,856 
16,781 
91, 775 

18.3 

1965 

779 
518 

2,591 
287 

4,175 

2,627 
151 
103 
48 

2,439 
458 

122 
2,280 

8,228 

9,199 
21,602 

114,435 

18.9 

aNo adjustments have been made for changes in rates or coverage. 

bPaid by people employed in transportation. 

1970 

788 
629 

2,927 
451 

4,795 

3,447 
265 
141 

57 
2,439 

614 
11 

337 
2,546 

9,975 

18,343 
33,013 

195, 722 

16.9 

1975 

1,470 
565 

1,697 
794 

4,526 

3,839 
363 
212 

57 
495 
634 

47 
803 

2,797 

9,247 

29,450 
43,223 

293,823 

14.7 

1976 

1,188 
578 

1,943 
680 

4,389 

4,086 
413 
126 

63 
549 
678 

45 
846 

2,933 

9,739 

30,312 
44,653 

302,520 

14.8 

% change 
1950-1970 

-8.6 
288.3 
62.7 
31.9 

51.5 

506.9 

26.7 
212.2 
233.7 
-96.8 

47.2 
206.4 

234.9 

586.2 
274.5 
402.4 

% change 
1970-1976 

50.8 
8.1 

33.6 
50.8 

8.5 

18.5 
55.8 

-10.6 
10.5 

-77.5 
10.4 

309.1 
151.0 

14.8 

-2.4 

65.3 
35.3 
54.6 

Sources: Transportation Association of America, Transportation Faats and Trends, 13th ed., Washington, D.C., 1976, p. 27; 
Transportation Faats and Trends, Quarterly Supplement, Washington, D.C., April 1978, p. 27. 
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Table 4.15 
State Taxes Derived from Transportation, 1950-1976 

($ 106) 

Corporate income taxes 

Excise taxes 
Motor fuels 
Motor vehicle and operator licensing 
Other state taxesa 

Total 

Individual income taxesa 

Total state transportation taxes 

Total state taxes 

Transportation taxes as a percent of total 

aPaid by people employed in transportation. 

1950 1960 

171 153 

1,544 3,335 
755 1,468 
549 1,307 

2,848 6,110 

98 309 

3,117 6,572 

7,929 18,036 

39.3 36.9 

1965 1970 1975 

308 374 657 

4,300 6,283 8,255 
2,021 2,955 3,941 
1,762 3,239 5,389 

8,083 12,476 17,585 

475 1,194 2,446 

8,866 14,044 20,688 

26,126 47,961 80,155 

33.9 29.3 25.8 

1976 

681 

8,660 
4,355 
6,030 

19,045 

2,790 

89,252 

% change 
1950-1970 

118. 7 

306.9 
291.4 
490.0 

338.1 

1,118.4 

350.6 

504.9 

% change 
1970-1976 

37.8 
47.4 
56.2 

52.7 

133.7 

86.1 

Sources: Transportation Association of America, Transportation Faats and Trends, 12th ed., Washington, D.C., 1975, 
p. 27; Transportation Faats and Trends, Quarterly Supplement, Washington, D.C., April 1978, p. 27. 
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1950 

AIRWAYS 
AIRPORTS 
RIVERS & HARBORS 
HIGHWAYS 

1960 
AIRWAYS 
AIRPORTS 
RIVERS & HARBORS 
HIGHWAYS 

1970 

AIRWAYS 
AIRPORTS 
RIVERS & HARBORS 
HIGHWAYS 

1975 

AIRWAYS 
AIRPORTS 
RIVERS & HARBORS 
HIGHWAYS 

1976 

AIRWAYS 
AIRPORTS 
RIVERS & HARBORS 
HIGHWAYS 

115. 
145. 
325. 

I 4155. 

429. 
421. 
504. 

t 965. 
17 1080. 

820. 

p 1652. 
1790. 

1268. 

~ 1798. 
1822. 

1299. 

D 5000 

4-55 

% aw« % aw« 
l!ID--1970 Iw-1970 

AIIM'\YS 739.1 81.3 
AIRFURTS 61¥1.8 68.7 
RlvffiS & HAAOORS 152.3 58.4 
H!Ctf,IAYS ?69.4 44.8 

I 10160. 

I 19502. 

I 25505. 

I 28248. 

10000 I 5000 20000 25000 30000 
MJLLJONS Of DOLLARS 

Fig. 4.9 
Federal and State Expenditures for Transportation Facilities. 

Source: Transportation Association of America, Transportation Facts 
and Trends, 12th ed., Washington, D.C., 1975; Transportation 
Facts and Trends, Quarterly Supplement, Washington, D.C., 
April 1978. 
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Energy Supply 

The emphasis of Chapter 5 centers around the energy supply for 

transportation systems in the United States. Currently, energy use by 

the transportation sector totals over 19 quadrillion Btu annually, 

of which almost 97% is derived from petroleum-based sources. In 1977, 

the transportation sector alone accounted for 53.7% of the petroleum 

products consumed in the United States. While current energy supply 

(petroleum) is the focus of this chapter, Sect. 5.4 provides information 

from the Department of Energy's Alternative Fuels Program and other 

federal programs concerned with research and development of alternatives 

to petroleum. 

Section 5.1 provides data on the production of energy, mainly 

petroleum, for selected years from 1950 through 1977. Domestic production 

of petroleum, while declining since 1970, within the last year has stabi­

lized as a result of production from Alaska's North Slope. More important, 

however, is the fact that domestic production as a percent of total 

consumption (which includes imports) has decreased from 84.9% in 1950 to 

47.1% in 1977. This decrease is directly attributable to an increase 

in domestic petroleum consumption and the exhaustion of domestic resources. 

As a result, petroleum imports have risen substantially. Section 

5.2 provides summary data on imports of both crude oil and refined 

petroleum products. The United States' dependence on foreign sources 

for crude oil has been increasing rapidly since 1970. In 1977 crude 

oil imports as a percent of domestic production reached 80%. Of the 

petroleum imported in 1977, OPEC nations accounted for over 70% of the 

total, with Arab members supplying 36%. Thus far in 1978, the United 

States is importing close to 8,000,000 bbl of petroleum per day. 

5-3 
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Section 5.3 deals with the price of energy items and focuses in particular 

on crude oil and various petroleum products. While annual petroleum 

imports have continued to rise, the current price of petroleum products 

has risen also. However, the real (deflated) prices of these products 

reveals a different picture. In the case of gasoline and motor oil, 

the real price actually fell 0.8% between 1976 and 1977 (Table 5.11). 

The final section of Chapter 5 (Sect. 5.4) deals with the potential 

availablity and feasibility of alternative fuels for transportation use. 

Currently, the Department of Energy and its subcontractors are involved 

in an estensive research effort aimed at the development of alternative 

fuels. A brief summary of DOE's work in this area is presented in this 

final section. 
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FROM 19'50 TO 1970 TOTAL U.S. ENERGY PROIXJCTION GREW AT AN AVERAGE RATE OF 2.4% PER YEAR, FROM 1970 TO 
1975., PRODOCTION IECLINED 0.3% PER YEAR AND Tl-EN STABLIZED IN 1976 AND 1977, CRUIE OIL., WHICH ACCOlMED 
FOR 29% OF THE TOTAL PRODLCTIOO IN 1977., PEAKED IN 1970ANDFRQ\11970 THROUGH 1976 DECREASED AT AN 
AVERAGE ANNUAL RATE OF 1.7%, IN 1977., HMVER., PRODUCTION ROSE SLIGHTLY OOE TO THE ADDITION OF 
PRODOCTION FRQ\1 flusKA' s NoRTH SLOPE, ~MI LE CCY\L PROIXJCTI ON HAS INCREASED 4. 4% s INCE 1970, NATURAL GAS 
HAS IECREASED 9.7%, IN 1977 FOSSIL ENERGY ACCCUITED FOR OVER g)% OF TOTAL PRODLCTION, HO'tEVER, NOCLEAR 
PMR AND GEOTHERMA.L REGISTERED THE GREATEST INCREASES BETWEEN 1970 AND 1977, 

Table 5.1. Energy Production by Primary Energy Type, 1950 through 1977 
(10 9 Btu) 

Coala Natural Crude Hydro power gash oila 

1950 14,647 6,841 11,449 1,340 
1960 11,140 14,135 14,935 1,566 
1970 15,248 24,154 20,402 2,593 
1975 15,394 22,019 17,730 3,122 
1976d 15,868 21,827 17,263 2,952 
1977 15,924 21,817 17,395 2,293 

% Distribution 
1977 26 36 29 4 

Average annual rate 
of change 

(1970-1977) 0.6 -1.4 -2.3 -1.7 

alncludes anthracite coal, bituminous coal, and lignite. 

blncludes natural gas liquids. 

alncludes lease condensate. 

dPreliminary. 

Nuclear Geothennal Total gross 
power energy production 

34,277 
5 41,781 

232 11 62,640 
1,839 69 60,173 
2,037 78 60,025 
2,675 78 60,182 

4 100 

41.8 32.3 -0.6 

Source: Department of Energy, Energy Information Administration, Annual Report to Congress -
Statistias and Trends of Energy Supply, Demand, and Pl'iaes, Washington, D.C., May 1978, p. 3. 
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THE GRAPH BELOW PROVIDES A VISUAL ANALYSIS OF THE INCREASING lNITED STATES 
DEPENDENCE ON FOREIGN OIL. 1T IS INTERESTING THAT THE TOTAL ENERGY CURVE 
AND PETROLELM CURVE DECREASED AT A FAIRLY PROPORTIONAL RATE BETWEEN 1950 
AND 1970, SINCE THEN THE PETROLELM CURVE HAS BEEN DECLINING AT AN IN­
CREASING RATE AS A RESULT OF A DECREASE IN PETROLELM PRCDUCTIOO AND AN 
INCREASE IN DCJIESTIC ENERGY PRODUCTI~ OF OTHER SOJRCES, THE TOTAL 
ENERGY CURVE IS GREATER THAN 100% WHEN THE lNITED STATES PRODUCED flORE 
ENERGY THAN IT CONSLMED, 

u:o------------------------, 
l10 

100 

'10 

PETROLEUM 

50 

10 

o...._ _________ .,......--.,----,----,-------t 
19t5 1980 1166 

YEAR 

Fig. 5.1 
Comparison of the Percent U.S. Petroleum Production of Total 

Petroleum Consumption and Percent U.S. Total Energy 
Production of Total Energy Consumption, 1950 through 1977. 

Source: Department of Energy, Energy Information Administration, 
Annual Report to Congress - Statistias and Trends of Energy 
Supply, Demand, and Priaes, Washington, D.C., May 1978, 
pp. 3 and 5. 
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\-JHI LE LJ, S, ENERGY CONSLWTI ON INCREASED 123, 6% BEThEEN 19'50 AND 1977 .1 DQYESTI C PRODUCT I ON AS A PERCENT 
OF CONSl.WTION DECREASED 21,4:, (}.JE OF THE t-1AIN REASONS FOR THIS IS INCREASED LJ,S, DEPENDENCE ON 
FffiEIGN OIL, 

Table 5.2. U.S. Domestic Petroleum and Total Domestic Energy 
Production and Consumption 

Total energy 

Total Domestic 
consumption a production 

1950 33,923 34,277 
1960 44,525 41,781 
1970 67,121 62,640 
1975 70,598 60,173 
1976 74,372 60,025 
1977 75,836 60,182 

alncludes imports. 

b 
See glossary - petroleum. 

Petroleumb 

Domestic Total Domestic % production consumption a production of consumption 

101.0 13,489 11,449 
93.8 20,067 14,935 
93.3 29,537 20,402 
85.2 32,742 17,730 
80.7 35,086 17,263 
79.4 36,956 17,395 

Domestic 
% production 

of consumption 

84.9 
74.4 
69.1 
54.2 
49.2 
47.1 

Source: Department of Energy, Energy Information Administration, Annua.Z Report to Congress -
Statistias and Trends of Energy Supply, Demand, and Priaes, Washington, D.C., 
May 1978, pp. 3 and 5. 
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SINCE 1950 TI-E J:nYESTIC IEtWID FOR REFINED PETROLELM PROilJCTS IN THE llNITED STATES HAS AOOST TRIPLED. 

THE GREATEST INCREASES HAVE OCCURRED IN THE !Ef>W.JD FOR TRANSPORTATION FUELS, WITH THE DEf>W.!D FOR 

GASOLINE INCREASING 165% AND DISTILLATE FUEL 209.1%, THE GASOLINE/DISTILLATE RATIO HAS REflAINED 

RELATIVELY STABLE BETWEEN 2,2 AND 2.4%, 

Table 5.3. Domestic Demand for Refined Petroleum Products, 1950 through 1977 
(10 3 bbl/day) 

Total Jet Distillate Residual Kerosene a Other b Total Gasoline/ 
gasoline fuela fuel oil fuel oil products products distillate ratio 

1950 2,724 1,082 1,517 323 812 6,458 2.5 
1960 4,130 281 1,872 1,529 362 1,623 9,797 2.2 
1970 5,839 967 2,540 2,204 263 2,884 14,697 2.3 
1975 6,713 1,001 2,851 2,461 159 2,137 16,322 2.4 
1976 7,014 987 3,133 2,801 169 3,357 17,461 2.2 
1977° 7,214 1,037 3,345 3,048 165 3,613 18,422 2.2 

Average annual rate 
of change 

(1970-1977) 3.1 1.0 4.0 4.7 ----{,_4 3.3 3.3 

aPrior to 1965 kerosene-type jet fuel was included with kerosene. Prior to 1952 naphtha-type jet fuel was included 
with gasoline. Prior to 1965 special naphthas were included with gasoline. 

blncludes ethane, liquefied petroleum gases, petrochemical, feedstocks, special naphthas, lubricants, wax, coke, 
asphalt, road oil, still gas, plant condensate, and miscellaneous products. 

ap 1· . re 1m1nary. 

Source: Department of Energy, Energy Information Administration, Annual Report to Congress -Statistias and Trends 
of Energy Supply, Demand, and Priaes, Washington, D.C., May 1978, p. 33. 
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GASOLINE HAS TRADITIOOALLY ACCOOOED Fffi THE LARGEST PERCENTAGE OF REFINED 
PETROLELM PRODUCTS OUTPUT, AND IN 1977 IT WAS 39,2% OF THE TOTAL, 

KEROSENE 0~ 

JET l.l'UEL ~~ 

TOTAL G.AS>LINE 39.2?. 

Fig. 5.2. Refined Petroleum Products Output, 1977. 

Source: Department of Energy, Energy Information Administration, 
AnnuaZ Report to Congress - Statistics and Trends of Energy 
SuppZy, Demand, and Prices, Washington, D.C., May 1978, p. 33. 
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Al..TIOJGH TIE DCM:STIC DEt-WID FOR REFlf'ED PETROLELM PRODOCfS INCREASED AT AN AVERAGE ANNW\L RATE OF 
4.6% BElWEEN 191) AND 1970, THE RATE SL.On£D TO 2,2% FRQ\11971 TO 1975, HO'..EvER, SINCE 1975 TIE 
DEt-"AND IS INCREASING AT 6,3% PER YEAR, 

Table 5.4. Domestic Demand for Refined Petroleum Products by End-Use 
Sector, 1950 through 1977 

(10 3 bbl/day) 

1950 1960 1965 1970 1974 1975 1976 1977a 

Residential and co1DJ11ercial 1,442 2,331 2,679 3,092 2,898 2,760 2,992 3,180 
Industrial 1,224 1,759 2,028 2,634 3,126 2,867 3,210 3,443 
Transportation 3,421 5,284 6,224 7,953 8,953 9,140 9,571 9,912 

(% of total) (53.0) (53. 9) (54 .1) (54 .1) (53. 8) (56. 0) (54.8) (53.7) 
Electric utility 291 246 325 915 1,534 1,420 1,510 1,708 
Other 80 177 256 103 142 135 178 199 
Total 6,458 9,797 11,512 14,697 16,653 16,332 17,461 18,442 

ap 1 .. re 1m1nary. 

1977 % increase 
(%) since 1970 

17.2 2.8 
18.7 30.7 
53.7 24.6 

9.3 86.7 
1.1 93.2 

100.0 25.5 

Source: Energy Information Administration, Annuai Report to Congress -Statistias and Trends of Energy Suppty, 
Demand, and PI'iaes, Washington, D.C., May 1978, p. 35. 
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SINCE 1950 THE TRANSPORTATION SECTOR HAS ACCOl.tffED FOR t-'ORE THAN 50% OF THE PETROLELM PRODUCTS CONSUMED 

IN THE ~ITED STATESi IN 1977 THIS SECTOR ACCOUNTED FOR 53,7%, 

RISIDDnAL rux 

ILBCl'lUC UTJLlTY 9.:n 

OTBBR UX 

Tll.ABSPOR'Ul'JON' 03,'lX 

Fig. 5.3. Percent Domestic Demand for Refined Petroleum Products by End-Use Sector, 1977. 

Source: Department of Energy, Energy Information Administration, Annual Report to Congress - Statistics 
and Trends of Energy Supply, Demand, and Prices, Washington, D.C., May 1978, p. 35. 
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Table 5.5. Percentage Yields of the Major Refined Products from a Barrel of Crude Oil in the 
United States, 1950 through 1976 

Year Gasoline Kerosene 

1950 43.0 5.6 
1960 45.2 4.6 
1970 45.5 2.4 
1975 46.S 1.2 
1976 45.S 1.1 

Average annual 
rate of change 

(1970-1976) 0.0 -12.2 

J.et 
fuel 

Distillate 
and 

residual 
fuel oil 

39.2 
3.0 33.6 
7.5 28.8 
7.0 31.2 
6.8 32.0 

-1.6 1.8 

Lubricants 

2.5 
2.0 
1.6 
1.2 
1.3 

-3.4 

Wax Coke 

0.2 0.8 
0.2 2.0 
0.2 2.7 
0.1 2.8 
0.1 2.6 

-10.9 ---0.6 

Source: DeGolyer and MacNaughton, Tt.uentieth Century Petrolewn Statistias, 33rd ed., 
October 1977, p. 63. 

Other 
Asphalt finished 

products 

2.8 5.9 
3.3 6.1 
3.7 7.6 
3.2 6.8 
2.8 7.8 

-4.5 0.4 

Dallas, Tex., 
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Tt-E TABLE AND FIGLRES <TABLE 5.5 AND FIG, 5,4) SHCMING TIE PERCENT YIELD FROM A BARREL OF CRLIDE OIL IN 
THE UNITED STATES SH~ THE INCREASE IN RELATIVE lt'PORTANCE OF JET FUEL AS A FINAL PRODUCT SINCE 1950, 
AND THE DECLINE IN THE YIELD OF DISTILLATE AND RESIDUAL Fl.EL OIL OVER THE SAM: PERIOD, 

1950 

ca:muiq~ 

O'l'BD 5.M 

IJIS'l'ILLAD 

.aDJUAI. :rum. OJL --

1976 

G.Al9QLJJIE ~ 

DlSTILLAD It 

USJDUAL rom. OD. 32.0ll: 

DROSDB LI% 

OTBJIR 7.ft 

.ASPHAU" 2.8:il: 

1fAX It COXllS 2.n 

UIBlUCilTS 1-3:s 

Fig. 5.4. Percentage Yields of the Major Refined Products from a Barrel of Crude Oil in the 
United States, 1950 through 1976. 

Source: DeGolyer and MacNaughton, Twentieth Century Petrolewn Statistics, 33rd ed., Dallas, Tex., 
October 1977, p. 63. 
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\'h-ULE FOSSIL FlELS HAVE TRADITICJ,JALLY ACCOLNrED FOR THE M.6JORITY OF 
ELECTRICITY PRODOCED IN THE UNITED STATES., THE TABLE BEL.CM SHCMS THE 
INCREASING If1>0RTANCE OF NUCLEAR ENERGY IN THE PRODUCTIOO OF ELECTRICITY, 
IN 1977., FOSSIL FUELS ACCOLNrED FOR OVER Tflo OF THE TOTAL ELECTRICITY 
PRODIJCED, THE PERCENTAGE PRODUCED BY COAL HAS REMAINED FAIRLY STABLE 
WHILE NATURAL GAS DECLINED AT AN AVERA(£ RATE OF 3,2% PER YEAR SINCE 
1972, OIL., w-iILE IECREASING IN 1974 AND 1975., SHOWED AN OVERALL INCREASE 
WHICH AVERAGED 9% ANN~LLY SINCE 1972, 

Table 5.6. Production of Electricity by Primary Energy 
Source, 1971 through May 1978 

Total net Percentage produced by source 
production 
(106 kWhr) Coal Oil Gas Nuclear Hydroelectric 

1971 1,612,593 44.3 13.6 23.2 2.4 16.5 
1972 1,749,629 44.2 15.6 21.4 3.1 15.6 
1973 1,860,440 45.7 16.8 18.3 4.5 14.6 
1974 1,867,103 44.5 16.0 17.2 6.1 16.1 
1975 1,917,638 44.5 15.1 15.6 9.0 15.6 
1976 2,037,775 46.4 15.7 14.4 9.4 13.9 
1977 2,124,580 46.4 16.8 14.4 11.8 10.4 
1978 

January 197,795 43.0 19.8 11.3 13.1 12.7 
February 173,668 40.7 21.9 11. 7 12.6 12.9 
March 173,104 38.6 21.2 12.8 13.0 14.2 
April 159,750 44.1 15.6 13.3 11.0 15.9 
May 175,184 43.7 13.9 14.3 11. 7 16.4 

Average annual rate 
of change 

(1971-1977) 4.7 0.8 3.6 -7.6 30.4 -7.4 

alncludes electricity produced from geothermal power, wood, and waste. 

Source: J. Gaynor (ed.), Department of Energy, Energy Information Administration, 
Monthly Energy Review, Washington, D.C., July 1978, p. 33. 

Othera 

0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.1 
0.1 

12.3 
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THE ~ITED STATES IEPENDENCE UP~ FOREIGN SOURCES FOR CRUDE OIL HAS BEEN 
INCREASING RAPIDLY SINCE 1970. IN 1977 CRUDE OIL Ir.PORTS AS A PERCENT OF 
IXJ-ESTIC PRODUCT!~ REACHED 00%, 13% HIGHER THAN THE ESTIMATED VALUE FOR 
1978. 

100-r----------------------------

90 

80 
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40 

30 

20 

10 

O-t-----,-----,-----,----..,...---..,...---------' 
19'6 1960 1965 1970 1975 

YEAR 
Fig. 5.5. U.S. Crude Oil Imports as Percent of Domestic Production, 

1950 through 1978. 

Source: J. Gaynor (ed.), Department of Energy, Energy Information 
Administration, Monthly Energy Review, Washington, D.C., 
monthly. 
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Tt-E FIGlRE BELCM PROVIIES A VISUAL REPRESENTATICJ,J OF THE REIJffICJ,JSHIP 

BETWEEN TOTAL PETROL.ELM IM'CRTS AND lt-'PORTS FRQ\1 CJ>EC NATICJ,JS. 
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TOTAL OPEC 
2000 

1000 

o-1---.--....,.--...... ----..------.....-----------' 
!958 ING 1982 18k lNI lNI 1970 1972 J8"ll 11'19 19?8 

YEARS 

Fig. 5.6. Petroleum Imported Directly from OPEC Countries, 
1960 through 1977. 

Source: Department of Energy, Energy Information Administration, 
AnnuaZ Report to Congress - Statistics and Trends of Energy 
Supply, Demand, and P!'iaes, Washington, D.C., May 1978, p. 27. 
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Al.THOUGH If/PORTS OF PETROL.Ell-1 FRQ\1 (J>E:C NATIONS REW\INED FAIRLY STABLE DURING TIE l~s, A 24% PER 
YEAR AVERAGE INCREASE HAS BEEN WITNESSED THUS FAR IN THE 1970s, IN 1977 !WORTS FROM OPEC NATIONS 
ACCOUNTED FOR OVER 7CT/4 OF OUR TOTAL PETROLEUM IMPORTS - A SUBSTANTIAL INCREASE FRQ\1 THE 39% FIGURE 
OF 1970, IN 1977 SAUDI MP.BIA AND NIGERIA ACCOltffED FOR ABOUT 29% OF THE TOTAL OPEC Ir-PORTS, 

Table 5.7. Percent of Total Imports of Petroleum Imported Directly from 
OPECa Countries, 1960 through 1977 

Saudi United 
Otheb Total Arab 

Iran Venezuela Libya Indonesia Arab Algeria Nigeria members 
Arabia Emirates OPEC OPEC of OPECa 

1960 4.6 1.9 50.2 4.2 11.5 72.4 6.1 
1970 0.9 1.1 28.9 1.4 2.0 1.8 0.2 1.5 1.1 39.0 4.3 
1975 11.8 4.6 11.6 3.8 6.4 1.9 4.6 12.6 2.0 59.5 22.6 
1976d 16.8 4.1 9.6 6.2 7.4 3.5 5.9 14.0 1.8 69,3 33.1 
1977 15.8 6.2 7.8 8.3 6.1 3.8 6.3 13.1 3.3 70.7 36.4 

aOrganization of Petroleum Exporting Countries. 

bincludes Ecuador, Gabon, Iraq, Kuwait, and Qatar. 

aincludes Saudi Arabia, Iraq, Qatar, Libya, United Arab Emirates, Algeria, and Kuwait. 
dp 1 · . re 1m1nary. 

Total 
imports 

(10 3 bbl/day) 

1,815 
3,419 
6,056 
7,312 
8,708 

Source: Department of Energy, Energy Information Administration, Annual Report to Congress -Statistias and Trends of Energy 
Supply, Demand, and Priaes, Washington, D.C., May 1978, p. 27. 
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IN 1977) SIGNIFICANT PERCENTAGES OF MINERALS AND METALS CONSUMED IN THE 
UNITED STATES WERE SUPPLIED BY FOREIGN IMPORTS, 0vER 50% OF THE APPARENT 
00'-1ESTIC CONSLMPTION IN 23 DIFFERENT METHALS AND MINERALS CAME FROM 
IMPORTS, 

ffPORTS SUPPLIED SIGNIFICANT PERCENTJ\GE OF MINERALS AND 
ITTALS CONSlf'PTION IN 1977 

MINERALS AND 
METALS 

COLUMBIUM 
MICA (sheet) 
STRONTIUM 
MANGANESE 
COBALT 
TANTALUM 
PLATINUM GROUP METALS 
BAUXITE & ALUMINA 
CHROMIUM 
TIN 
ASBESTOS 
FLUORINE 
NICKEL 
POTASSIUM 
GOLD 
ZINC 
ANTIMONY 
CADMIUM 
SELENIUM 
MERCURY 
SILVER 
BARIUM 
TUNGSTEN 
TITANIUM (ilmeni1e) 
VANADIUM 
GYPSUM 
IRON ORE 

IRON & STEEL SCRAP 
COPPER 
LEAD 
IRON & STEEL PRODUCTS 
ALUMINUM 
SALT 

NET IMPORT RELIANCE• AS A PERCENT 
OF APPARENT CONSUMPTION .. 
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CEMENT 

0% 25% 50% 100% 

MAJOR FOREIGN SOURCES 
(1973-1976) 

BRAZIL, THAILAND. NIGERIA, MALAYSIA 
INDIA. BRAZIL. MALAGASY REPUBLIC 
MEXICO. SPAIN 
BRAZIL, GABON. SOUTH AFRICA 
ZAIRE. BELG .-LUX .. NORWAY. FINLAND 
THAILAND, CANADA. AUSTRALIA. BRAZIL 
SOUTH AFRICA. U.S.S.R .. U.K. 
JAMAICA. AUSTRALIA. SURINAM. GUINEA 
SOUTH AFRICA. U.S.S.R .. TURKEY. SOUTHERN RHODESIA 
MALAYSIA, THAILAND. BOLIVIA. INDONESIA 
CANADA, SOUTH AFRICA 
MEXICO. SPAIN. ITALY, SOUTH AFRICA 
CANADA. NORWAY. NEW CALEDONIA, DOMIN. REP. 
CANADA. ISRAEL 
CANADA. SWITZERLAND. U.S.S.R. 
CANADA, MEXICO, AUSTRALIA, PERU 
SOUTH AFRICA. P.R. OF CHINA. BOLIVIA 
CANADA. AUSTRALIA. BELG .-LUX. 
CANADA. JAPAN. MEXICO, YUGOSLAVIA 
SPAIN. ALGERIA, MEXICO, YUGOSLAVIA 
CANADA. MEXICO. PERU. U.K. 
PERU. IRELAND. MEXICO 
CANADA. BOLIVIA, PERU. THAILAND 
CANADA. AUSTRALIA 
SOUTH AFRICA. CHILE. U.S.S.R. 
CANADA. MEXICO. JAMAICA. DOMIN. REP. 
CANADA. VENEZUELA. BRAZIL. LIBERIA 

CANADA. CHILE. PERU. ZAMBIA 
CANADA. PERU, MEXICO. AUSTRALIA 
JAPAN. EUROPE. CANADA 
CANADA 
CANADA. BAHAMAS. MEXICO. NETH. ANTILLES 

GREECE. ITALY 
CANADA, SPAIN. NORWAY, BAHAMAS 

Fig. 5.7. Imports of Strategic Materials by the United States 
in 1977. 

Source: U.S. Department of the Interior, Bureau of Mines, Mi nerals and 
Materials: A Mont hl y Survey, Washington, D.C. , January 1978, 
p. 6 . 
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THE PETROLEl.ft1 PRICE RELATIOOSHIP ArffiG THE MAJOR PRODUCING COlJITRIES HAS 
CHANGED SIGNIFICANTLY SINCE 1970, THE UNITED STATES POSTED THE HIGHEST 
PRICE FOR PETROLEl.1-1 IN 1970 BY t'ORE THAN 60¢ PER BARREL; BY 1973 THE 
UNITED STATES PRICE WAS Al.JIOST $1.00 PER BARREL LOt'ER THAN THE SIX OTHER 
MAJOR OIL PRODUCING COLNrRIES, BY 1976 THE PRICE PER BARREL IN THE UNITED 
STATES HAD RISEN TO $8,]3., A PRICE STILL FAR BEL™ THE AVERAGE OF $]l,94 
PER BARREL POSTED BY THE SIX OTHER COltITRIES, 
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Fig. 5.8. Posted Price of Petroleum by Major Producing Countries, 
1970 through 1976. 

Source: DeGolyer and MacNaughton, Twentieth Century PetroZewn 
Statistics, Dallas, Texas, October 1977, p. 15. 
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BETwEEN 1950 AND 1970 lHE REAL (DEFLATED) CCWOSITE PRICE OF ALL FOSSIL FUELS DECREASED AT AN AVERAGE 
ANNUAL RATE OF 1.5%, IN THE EARLY 1970s lHIS TREND REVERSED., AND FR0'-1 1975 TO 1977 THE REAL PRICE 
INCREASED BY MJRE THAN 13%, THE LARGEST INCREASE IN THE REAL PRICE OF MINERAL FUELS OCCURRED IN 1974i 
ALTHOUGH THIS TREND HAS SLOWED IN RECENT YEARS., IT IS CONTINUING UPWARD, 

Table 5.8. Prices of Domestically Produced Mineral 
(cents per 106 Btu) 

Crude oil Natural Natural gas Bituminous coal 
gas liquids 

Current Deflated Current Deflated Current Deflated Current 

1950 43.3 102.6 55.0 130.4 6.0 14.2 18.5 
1960 49.7 92.0 56.7 105.0 13.6 25.2 17.9 
1970 54.8 76.3 50.0 69.6 16.6 23.1 23.9 
1975 130.3 130.3 116.4 116.4 43.6 43.6 81.8 
1976 140.3 133.3 139.6 132. 7 56.6 53.8 84.1 
1977c 146.6 131.6 187.3 168.2 76.4 68.6 92.1 

Average annual rate 
of change 

(1970-1977) 15.1 8. 1 20.8 13.4 24.4 16.8 21. 3 

aAll fuel prices taken as close as possible to the point of production. 

bWeighted by relative importance of individual fuels in total mineral fuels production. 

cPreliminary. 

Note: Data are in both current and 1975 prices. 

Deflated 

43.8 
33.1 
33.3 
81.8 
79.9 
82.7 

13.9 

Fuels, 1950 through 1977a 

Anthracite coal Compositi GNP implicit 

Current Deflated Current Deflated price deflators 

35.0 83.0 26.3 62.3 42.19 
30.8 57.0 29.8 55.2 54.01 
42.6 59.3 30.4 42.3 71.85 

127.2 127.2 85.4 85.4 100.00 
136.6 129.8 94.6 89.9 105.20 
142.0 127.S 108.0 97.0 111.37 

18.8 11.6 19.9 12.6 

Source: Department of Energy, Energy Information Administration, AnnuaZ Report to Congress - Statistics and Trends of Energy SuppZy, Demand, and 
Prices, Washington, D.C., May 1978, p. 19. 
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THE TABLE BELOW St-DWS THE GRADUAL INCREASE IN lHE COST OF FUEL FOR AIR, TRUCK., RAIL., AND Ml\RINE 
VESSELS, ~ILE THE INCREASE IN lHE PRICE OF ALL TYPES OF AVIATI~ FUEL 1-LA.S AVERAGED 3,31¢ PER GALLON 
OVER llE PAST THREE YEARS., THE PRICES OF No, 2 DIESEL FUEL AND Blf.JKER "C" FUEL HAVE INCREASED ONLY 
2,64¢ AND 1.55¢ PER GALLON., RESPECTIVELY, 

Table 5.9. Cost of Fuel for Air, Truck, Railroad, and Marine Vessels, 1970 through 1977 
(¢/gal) 

Aviation fuels 

Aviation Naphtha- Kerosene-
gasoline type type 
(retail) (retail) (retail) 

1970 11.02 
1971 11.60 
1972 11.59 
1973 12.56 
1974 21. 79 
1975 41.13a 27.47 29.83a 
1976 43.12 31.54 31.17 
1977 47. 52 35.00 35. 75 

Truck 
No. 2 diesel fuel 

Truck Service 
stops stations 

51.05 51.67 
52.08 52.93 
56.52 56. 77 

Railroad fuel 

Diesel Coal 
oil ($/net ton) 

10.73 6.00 
10.88 10.68 
10.97 10.69 
13.49 12.40 
26.59 12.93 
30.00 16.90 
32.38 23.22 
35.14 

Marine 

Bunker 
"C" 

(retail) 

24.6a 
24.8 
27.7 

Average annual rate 
of change 

(1975-1977) 7.5 12.9 9.5 5.2 4.8 8.2 6.1 

a Cost based on 6-month average. 

Sources: J. Gaynor (ed.), Department of Energy, Energy Information Administration, Monthly Energy Review, 
Washington, D.C., monthly; Association of American Railroads, Economics and Finance Department, 
Statistics of Railroads of Class I in the United States: Years 1965 to 1976, Washington, D.C., 
annual. 
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REGULAR MOTOR-GASOLINE _.A 
SELLING PRICE ------ ----- .. ~- ~ 

--- - DIESEi.. FUEL _...-· .. -+ 
..-- SELLING PRI~_..-:: .... ----

.... 
+----

,.._---· ------­
--------

........ ..+-~ULAR KOTOR-GASOIJNE 
........ - PURCHASE PRICE 

REFINER ACQUISITION 
COST 

-····· .. •················· ···-·······• .. -~ .. :··:··:··:-·:··=··=---.... ------··················--··~-
DOll!Sl'IC AVERAGE PRICE 
AT 1rElJ.JWD 

o...., ________ ,,_ __________________ ----t 

1973 19?5.5 1n 1R.5 117'5 19?5.5 1176 11'18.5 19'7'7 19'7'7.5 1878 
YEAR 

Fig. 5.9. Cost of Crude Oil from Well to Consumer, 
1974 through 1977. 

Source: J. Gaynor (ed.), Department of Energy, Energy Information 
Administration, Monthly Energy Review, Washington, D.C., 
monthly. 
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lE:SPITE TI-E GRADUAL INCREASE IN TI-E PRICE FOR GASOLINE fR(J,11975 THROUGH 19771 THE REAL (DEFLATED) 
PRICE HAS REM4INED FAIRLY CCJ.JSTANT, IN THE CASE OF REGULAR) SELF-SERVICE GASOLINE) THE REAL PRICE 
HAS ACTUALl. v DECLINED 2. 7 ¢ PER GALl.CJ.J . 

1973 
1974 
1975 
1976 
1977 
1978 
January 
February 
March 
April 

Table 5.10. Average Retail Prices for Motor Gasoline, 1973 through April 1978 
(¢/gal) 

Regular Premium Unleaded 

Full service Self service Full service Self service Full service Self service 

Constant Current Constant Current Constant Current Constant Current Constant Current Constant Current 1975 1975 1975 1975 1975 1975 

46.9 39.0 
57.9 52.8 
56.2 56.2 55.1 55.1 60.9 60.9 NA NA 59.8 59.8 NA NA 
55.8 58.7 52.7 55.4 60.6 63.8 57.7 60.7 59.4 62.5 NA NA 
56.2 62.6 52.2 58.2 61.1 68.1 58.1 64.7 59.6 66.4 57.1 63.6 

61. 7 57.2 67.7 63,5 65.8 61.6 
61.6 57 .1 67.7 64.0 65.7 61.8 
61. 7 57.0 68.0 63.9 65.8 61.8 
62.0 57.4 68.3 64.2 66.1 62.0 

NA - Not available. 

Implicit 
GNP 

price 
deflator 

83.21 
91.25 

100.00 
105.20 
111.37 

Source: J. Gaynor (ed.), Department of Energy, Energy Information Administration, Monthly Energy ReVieJ,J, Washington, D.C., April 1976, p. 54, 
July 1978, pp. 67-69. 
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FRCJ-11974 THROUGH 1977, 1-0f-E HEATING OIL AND t-,OTOR GASOLINE PRICES HAVE 
EXPERIENCED AN APPROXIMATE 0,1¢ PER GALLON INCREASE, WHILE THE PRICE OF 
DIESEL FUEL AND RESIDUAL FUEL HAS RISEN LESS SHARPLY, 

100-r----------------------------

90 

70 

30 

10 

Q 
Q 
0 

Rl!SIDUAL FUEL OIL 

HOME BEATING on. 

19'1l- 1975 

I . DIBSIL 

~ MOTOR GASOLINE 

1976 
YEAR 

Fig. 5.10. Comparison of Cost of Residual Fuel Oil, Home Heating Oil, 
Diesel, and Gasoline. 

Source: J. Gaynor (ed.), Department of Energy, Energy Information 
Administration, Monthly Energy Review, Washington, D.C., 
monthly. 
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WHILE THE AVERAGE ANNUAL DEFLATED PRICE FOR ENERGY ITEMS DECREASED FROM 
19'58 TO 1973., EVENTS DURING 1973 AND 1974 DRASTICALLY CHANGED ENERGY PRICE 
TRENDS, FR0'-1 1973 THROUGH 1976., FOLLCMING THE RISE IN OIL Ir.PORT PRICES., 
REAL COSTS OF ENERGY ITEMS INCREASED SHARPLY (6.2% ANNUALLY), HMVER., 
IN 1976 AND 1977 THIS TREND GRADUALLY SLCMED., WITH THE EXCEPTIO'J OF NATURAL 
GAS, IN THE CASE OF GASOLINE AND f/OTOR OIL., REAL COSTS ACTUALLY FELL 0,S'X, 

Table 5.11. Consumer Real Price Changes of Energy Items, 
1958 to 1977 

Average annual percent change 

Consumer prices 

All energy 
Fuel oil and coal 
Gasoline and motor oil 
Natural gas 
Electricity 

1958 
to 

1973 

-0.8 

-1.0 
-0.4 
-1.2 

1973 1976 
to to 

1976 1977a 

6.2 2.9 
12.9 6.1 
5.1 -0.8 
7.1 11.6 
3.5 0.1 

aChanges for energy consumption and wholesale prices computed from third 
quarter 1976 to third quarter 1977. Other changes are from year to 
year. 

Source: President of the United States, Economic Report of the 
President Transmitted to Congress January 1978, Together with 
the Annual Report of the Council of Economic Advisers, 
Washington, D.C., p. 181. 
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Alternate Fuels 

At present, transportation in the United States is almost totally 

dependent on petroleum-based products. As discussed in Sect. 5.1 through 

Sect. 5.3, our domestic oil resources are diminishing. This fact, along 

with increased energy demand, has resulted in a continuing increase in 

the importation of crude oil and petroleum products. In recent years 

the United States has been importing more than 40% of its crude oil and 

petroleum products, which compares with about 25% of all energy imports 

of ten years ago. Not only has the rise in petroleum imports had a 

direct effect on U.S./world economic stability, it also creates a climate 

for price escalation by exporting countries. 

Based on projections of world oil production (Fig. 5.11), the need 

to develop alternate fuels and fuel systems to meet future transportation 

energy needs has been recognized. This section provides a general 

summary of work funded by DOE in the development of alternate fuels. Cost 

considerations of alternate fuels and the timing and degree of penetration 

of alternate fuel products into the transportation sector are also 

discussed. The DOE has estimated that the time needed to develop, 

demonstrate, and produce (commercially) new fuels and fuel system designs 

ranges from ten years and up and that market penetration factors for the 

automobile/truck fleet may amount to another ten years. Therefore, the 

predicted peak in world oil production precedes the time anticipated for 

development and implementation of alternatives to petroleum-based 

transportation in the United States.* 

Two feasibility studiest were conducted to determine the most 

logical alternatives to petroleum-based fuels for transportation. The 

*University of Miami and Escher Technology Associates, for Department of 
Energy, Transportation Energy Conservation Division, Alternative Fuels 
and Intercity Trucking, Alternative Fuels Utilization Program, 
Washington, D.C., June 1978, p. 289. 

tF. H. Kant et al., Feasibility Study of Alternative Fuels and Automotive 
Transportation, U.S. Environmental Protection Agency Report 
EPA-460/3-74-009 (3 volumes) June 1974. 

J. Pangborn and J. Gillis, Alternative Fuels for Automotive Transportation 
A Feasibility Study, U.S. Environmental Protection Agency Report 
EPA-460/3-74-012 (3 volumes) July 1974. 
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candidate fuels were evaluated in terms of economic, technical, performance, 

and implementation criteria. These studies produced a list of 

alternative fuels and their penetration into the transportation sector 

divided into three time frames: 

Near Term (1975-1985) 

• Gasoline from oil shale or coal 

• Distillates (diesel) oils from oil shale or coal 

• Alcohol-gasoline blends 

Mid Term (1985-2000) 

• Gasoline from coal or oil shale 

• Distillates from coal or oil shale 

• Alcohol (methanol, ethanol) from coal 

Far Term (Beyond 2000) 

• Gasoline from coal or oil shale 

• Distillate oils from coal or oil shale 

• Methanol from coal 

• Nuclear-based hydrogen fuel from water 

These studies focused on fuels that could provide a major portion of our 

national fuel needs for which implementation is feasible on the national 

level. Therefore, fuels that could be derived from forest, agriculture, 

and municipal solid wastes, or from crops grown specifically for biomass 

conversion, do not appear in the summary. It has been noted elsewhere, 

however, that synthetic fuels from these and like sources could 

contribute significantly to local and regional transportation energy 

needs. 

Based on studies conducted recently under the Alcohol Fuels 

Program,* DOE has determined that alcohols (primarily methanol) could 

play a major role in filling future transportation energy needs. In the 

short term, methanol can be produced from coal; but beyond the year 2000, 

it would be produced by conversion of energy crops and agricultural and 

municipal wastes. Ethanol is now being produced through the fermentation 

of sugar cane or grain. The DOE has estimated that it would be possible 

*Department of Energy, Office of the Under Secretary, Task Force on 
Fuels, AlaoMl Fuels Program Plan, Alcohol Fuels Program, Washington, 
D.C., March 1978, pp. 1-5. 
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to build ten methanol-from-coal plants with a daily capacity of 

6,000 tons by 1990. At this rate of production methanol could provide 

about 5% of the energy needed to meet projected transportation gasoline 

demand in the year 1990. Adding one new plant per year with the same 

capacity at a cost of $450-$500 million per plant, by 2000 methanol 

could supply about 8%--9% of the projected gasoline demand. On the 

other hand, ethanol production (based on 10-30 million gallons per 

year fermentation plants) would be able to supply less than 1% of the 

total 1985 liquid-fuels demand. 

While it is generally acknowledged that alcohol from coal, and 

petroleum-like liquids from shale rock and coal, can provide a significant 

percentage of our transportation fuel by 2000, little hard data about 

the post-petroleum-era energy systems has been accumulated. Some 

alternatives do seem more feasible than others:* 

• Hydrocarbon Synthetic Fuels - Synfuels from coal and oil shale; 

methanol produced from coal, biomass or biosolar conversion, and 

organic waste. 

•Electricity - Generated from coal and nuclear power, and ultimately 

from geothermal and/or solar energy. 

• Hydrogen - Producible from coal, biomass or biosolar conversion, 

organic waste, and from any electrical source including nuclear, 

geothermal, and solar energy systems by electrolysis of water. 

The tables and graphics presented in this section represent findings 

from some of these DOE projects. 

*University of Miami and Escher Technology Associates, for Department 
of Energy, Transportation Energy Conservation Division, AZteT?1.ative 
Fueis and Interaity Trucking, Alternative Fuels Utilization Program, 
Washington, D.C., June 1978. 
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TI-E CO'JCENTRATBl EFFORT OF THE FBJERAL GOVERN-1ENT IN THE DEVELOPMENT OF 
ALTERNATIVE FUELS HAS BEEN DEMANDBl BY THE LIMITBl TIME BEFCRE THE CCJ,1-
MERCIAL PRCDOCTION AND USE OF SYNTHETIC FUELS WILL BE REWIRED, FIGURE 5,li 
ILLUSTRATES PROJECTED NEED FOR DESIGN OF ALTERNATE FUELS IN RELATION TO 
~RLD OIL PRODUCTION, THE PROJECTED At-OUNT OF TIME NEEDED FOR READY 
AVAIL.ABILITY OF SYNTHETIC FUELS COINCIDES WITH PROJECTED PEAK OIL 
PRODUCTION I 
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Fig. 5.11 

Widespread commercial 
application or 
production required 

10 20 30 40 

Projected Need for Commercial Production and Use of Synthetic 
Fuels as a Function of World Oil Production. 

50 

Source: Department of Energy, Assistant Secretary for Conservation and 
Solar Applications, Transportation Energy Conservation 
Division, 'PPogPam Planning Doawnent Highi.,)ay Vehicle AltePnative 
Fuels Utilization PPogPam (AFUP), Alternative Fuels Utilization 
Program, Washington, D.C., April 1978, pp. 1-8. 
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A1.:n-OUGH SYNTHETIC CRUDES WI LL REPRESENT AN INSIGNIFICANT PORTIOO OF THE LIQUID FUEL MARKET IN 1985., 
THEY COULD REPRESENT M1RE THAN 5% OF THE LIQUID FUEL Mc\RKET BY 19'1), AT THIS LEVEL., SYNTHETIC CRUDES 
hOULD BEGIN TO HAVE A NOTICEABLE EFFECT ON THE SUPPLY OF TRANSPORTATION FUELS, 

Source: 
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Fig. 5.12 
U.S. Energy Supplies. 

R. F. Wilson and W. T. Tierney, Texaco Inc., Futur e Transpor tation Fuels - Optimization of the Vehicle-Fuel-Refinery System, presented at the American Petroleum Institute 41st Midyear Meeting, Refining Division, Los Angeles, Calif., May 10-13, 1975. 
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THE FIGURE BELCM, 11-[)UGH PARTLY CONJECTI.RAL, ILLUSTRATES THE TECHNOLOGICAL­
DEVELOPMENT AND FUELS-DEVELOPr-ENT CYCLES IN RELATIONSHIP TO THE PROJECTED 
TIME FRAME FOR SIGNIFIC.ANT RELIANCE ON SYNTHETIC, NONPETROLEUM-BASED FUELS, 
WHILE COAL- AND OIL-SHALE-BASED SYNTHETIC FUELS ARE EXPECTED TO CONTRIBUTE 
SIGNIFICANTLY TO FUTURE TRANSPORTATION ENERGY SUPPLIES, THE QUESTIONS OF 
THE Tlt-E AND EXTENT OF THIS CONTRIBUTION IN TERMS OF MEETING AUTQYOTIVE 
AND TRUCK DEMAND REMAIN UNANSWERED, THE DEVELOPMENT OF ALTERNATE FUELS 
AND ENGINE- AND FUEL-SYSTEMS ARE THEREFORE CONCERNS OF VERY HIGH PR'ORITY 
IN ENERGY PLANNING, THE PROPOSED TIME FRAME FOR ACCOMPLISl-f-ENT OF THESE 
OBJECTIVES IS 199J-2(XX), 

250 

200 

150 

100 
.. T a IXXON IHARCH 

• 
50 

0 
1950 196,) 1990 2000 2010 2020 2030 2050 2060 2070 ... 

••• TIIID,._I OI' •CONC:1•• 

Note 1: If coal and oil shale systems can be brought on line on sufficient scale to provide a more than 
adequate supply of transportation fuels, and if these fuels are in forms similar to present day 
gasoline and diesel fuels, no significant technology development or deployment would be required 
in the trucking/automotive industry. This is the future preferred by the original equipment 
manufacturers and users. This future scenario is not assured. 

Note 2: SRI projected fuels industry investment, at 5% inflation rate, required to sustain the conventional 
fuels industry and develop the synthetic fuels from coal and oil shale industry. 

Note 3: SRI projected fuels industry investment, at 5% inflation rate, required to sustain the conventional 
fuels industry. 

Fig. 5.13 
A Concept of the Long-Term Energy Future of Transportation 

Fuel Demands, Needs, and Technological Development. 

Source: University of Miami and Escher Technology Associates, for 
Department of Energy, Transportation Energy Conservation 
Division, Alternative Fuels and IntePcity TPU.cking, Alternative 
Fuels Utilization Program, Washington, D.C., June 1978, 
Fig. 10-1, p. 296. 
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TABLE 5.12 SLM-1ARIZES THE CONVERSION EFFICIENCIES, COSTS, AND POTENTIAL AVAILABILITY OF CONVERTED 
LIQUID FUELS, FEW DIRECT CCWARISONS HAVE BEEN Ml\DE OF THE PROCESSES AND PROOUCTS LISTED BELOW, IT IS 
APPARENT THAT COAL IS THE ONLY RESOURCE THAT EXISTS IN SUFFICIENT QUANTITIES TO SUPPLY THE TOTAL LIQUID 
FUELS REQU I REflfNT VI A ALCOHOL. -BIOt-'ASS AND MUNICIPAL SOLID WASTE, ALT~I.XJH LIMITED, COULD PROVIDE FUELS 
TO SUPPLY LOCAL, CR POSSIBLY REGIONAL, NEEDS, 

IS THE AVAILABILITY OF CONVERSION PLANTS, 

THE LIMITING FACTOR IN TERMS OF BOTH ECotmICS AND OUTPUT 

Table 5.12 
Liquid Fuel Conversion Efficiencies, Costsa and Potential Availability, 

Overall Estimated 
Resource Principal 

process fuel cost at 
Resource cost conversion Fuel product 

conversion plant gate 
( de Ii vered) process 

efficiency 
$/gal $/106 Btu 

Coal $18-22/ton Via synthesis gas Methanol 0.50-0.60 0.30-0.50 5. 3-8.8 
Bioaass 

Fant crops and 
residues $65-400/ton Fermentation Ethanol NA 1.00-1.30 13.2-17. I 

Standing forest $12 - 17/ton Via synthesis gas Methanol 0.48-0.68 0.35-0.50 6 . 2-8 .8 

foNst crops and 
residues $2-28/ ton Via synthesis gas Methanol 0.48-0.68 0 .35-0 . 57 6 .2- 10.0 

Terrestrial 
energy fanas $21-33/ ton Via synthesis gas Methanol 0.48-0.68 0.40-0. 71 7 .0-12 . 5 

Municipal 
Up to $30/ tond solid waste Via synthesis gas Methanol 0 . 25-0.40 0.60-1.09 10.6-19.2 

Reference bases 

Natural gas $1-2.5/..SCF Via synthesis gas Methanol 0.61-0.91 o. 17-0.44. l.0-7 .O 
PetroleUJII. $9-14/bbl Cracking Gasoline 0.85-0.96 0.36-0.40. 3, 1-3.5 
Coal syncrude $23-27 /bbl Liquefaction Synthetic gasoline 0, 55-0. 68 0.60-0. 78e 5.2-&.8 
Shale oil $17-22/bbl Retorting Synthetic distillate NA 0.40-0.50 3.2-l.9 
PetroleUJ1 $9-14/bbl Ethylene hydration Ethanol 0,85-0.9& I. 23- I. 306 l&.3-17 .2 
Petroleua $9-14/bbl Cracking Distillate 0.85-0.96 0.30-0.38. 2.4-3.0 
Methanol froa coal $0 . l0-0 . S0/aal Catalysis Synthetic gasoline O.S&-0.65 0.74-1.35 6 .. 40-11. 7 

aConstant 1977 dollars at tisae technology is ready for coruercializatior. (which varies vith feedStod./proces s). 

.liqu~:r~~:~s 1!~!ancf 
potentially supplied 

(31 x 1015 Btu) 

100 

<1.0-8.0 

<1. 0-1.0 

<1.0-5.0 

<1,0-19.0 

Total 2.0-33.0 

2.0-3.0 

<l.O 
44. 0 (actual) 

100 

<1.0 
NA 

100 

1976-2000 

Percent 2000 b 
liquid fuels demand 

~~~~~!i:lib• :u~~~t 
JOO 

25-33 

4.0-5 .0 

<J.0 
NA 

100 

<1.0 
NA 

100 

b&ased only on known currently available plus potentially available resource quantities (does not consider capabilities for conversion facilities) . 

cLlepends on degree of conservation achieved. 

din the process of Municipal Solid Waste to reclai111 energy (either Uquid or gaseous forms) the collection costs c&n actually be considered as a 
"negative cost" (i.e. , cost benefit) since collection of Municipal Solid Waste must be perfor11ed whether or not it is used for energy pu:-poses. 

eCurrent market prices. Other prices are estimates based on various studies/analyses. 

NA - Not available. 

Source: Department of Energy. Office of the Under Secretary, Task Force oo Fuels, Afoohol Pu.els Program Pl.an~ Alcohol Fuels Program, Washington, O.C . • 
March 1978, Table 3-1, A·l, p. 3-3, A-3. 
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CoAL RESOURCES IN TiiE l.JNITED STATES ARE EXTENSIVE, I-IOIJEVER DEPOSITS 

VARY GREATLY Wini RESPECT TO CHEMICAL C0'-1POSITION AND COSTS OF 

EXTRACTION AND TRANSPORT, WHILE SYNTiiETIC FUELS FR0'1 COAL HAVE BEEN 

IDENTIFIED AS FEASIBLE ALTERNATIVE TRANSPORTATION FUELS, TiiE MOVE 

FACTORS MJW AFFECT TiiE TIMING AND DEGREE OF TiiEIR PENETRATION INTO TiiE 

TRANSPORTATION SECTOR, 
Table 5 .13 

Estimated U.S. Coal Resources 
(10 6 tons) 

Total identified Total Economically 
coal resources reserve base recoverable reserves 

January 1, 1972 January 1, 1974 January 1, 1974 

Bituminous 
Subbituminous 
Lignite 
Anthracite 

Appalachian 
Midwest 
West 

Total 

686,033 
424,073 
449,519 

21,362 

1,580,987 

232,897 
165,460 
28,197 

7,384 

113,283 
108,023 
212,632 

433,938 

61,503 
47,606 

7,470 
1,824 

29,836 
28,814 
59,753 

liB,403 

Source: Southwest Research Institute, for Department of Energy, 
Transportation Energy Conservation Division, Identification 
of F'robabZe Automotive FueZs Composition: 1985-2000, Alternate 
Fuels Utilization Program, Washington, D.C., May 1978, Table 1.2, 
p. 195. 

COAST PROVINCE ~,L-- OCKV MOUNTAIN PROVINCE 
1"'2'-1 NORTHERN GREAT PLAINS PROVINCE 

□ SI.I-ITUMINOUS COAL 

■ LIGNITE 

Fig. 5.14 
Major Coal Fields in the United States 
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THE NLM3ER OF LIQLEFICATION PROCESSES LISTED IN TABLE 5,14 GIVES AN 
INDICATIQ\J OF THE EXTENT OF THE INTEREST IN THE DEVELOPMENT OF COAL 
CONVERSION SYSTEMS TO PRODUCE FUEL FORMS SUITABLE FOR USE IN THE 
TRANSPORTATIQ\J SECTOR, THE PRODUCTS OF THESE PROCESSES VARY SIGNIFICANTLY 
AS TO FORM AND CHEMICAL COMPOSITION, HOIIEVER THE TYPICAL PRODUCT IS A 
PETROLELM-LIKE LIQUID WHICH CAN BE PROCESSED THROUGH EXISTING REFWERIES 
TO YIELD HYDROCARBON FUELS, UJRRENTLYJ THE fISCHER-TROPSCH AND THE 
UJRGI-RUHRGAS PROCESSES ARE THE 1'-'0ST ADVANCED, 

Table 5.14 
Current Major Coal Liquefication Processes by Type of System 

Technique 

Pyrolysis 
Coed 
Toscoal 
Garrett 
Lurgi- Ruhrgas 
Cleancoke 

Solvent Hydrogenation 
SRC 
H-Coal 
Synthoil 
Exxon Donor 
Consol 
Sergius 
Pott-Broche 

Hydrocarbonization 
Coal Con 
Cities Service 
Rocket dyne 
Cuny 

Indirect Liquification 
Fischer-Tropsch 

NA - Not available. 

Max size 
demonstrated 

(tpd) 

36 tpd 
25 tpd 

4 tpd 
850 tpd 
1/4 tpd 

50 tpd 
3 tpd 

1/2 tpd 
1/2 tpd 

20 tpd 
1000 tpd 

NA 

10 tpd 
2 (lb/hr) 

1 (ton/hr) 
NA 

NA 

Dismantled 
Inactive 
Active 
Commercial 

Status 

100 tpd pilot plant designed 

NA 
600 tpd plant under construction 
10 tpd unit under construction 
200 tpd plant being designed 
Being renovated 
NA 
NA 

2600 tpd demonstration planned 
Laboratory development 
Laboratory development 
Laboratory development 

Comrnerci al 

Source: Southwest Research Institute, for Department of Energy, 
Transportation Energy Conservation Division, Identification 
of Probable Automotive Fuels Composition: 1985-2000, Alternate 
Fuels Utilization Program, Washington, D.C., May 1978, 
pp. 70-73. 
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M:THANOL FR0'-1 COAL IS CONSIDERED ONE OF THE LEADING ALTERNATE FUEL 

CANDIDATES BECAUSE IT CAN BE BLENDED WITH AUTOOTIVE GASOLINE AND USED 

TO AUGt-ENT FUEL SUPPLIES, BY 191), METHANOL FR0'-1 COAL COULD ACCOUNT FOR 

5% OF THE ENERGY NEEDED FOR PROJECTED TRANSPORTATION GASOLINE DEr-WID, 

Table 5.15 
Current Major Coal Gasification Processes Capable of Yielding 

Synthesis Gas Suitable for Methanol Manufacturing 

Process 

High Btu gas 
Chevron gasification 

Medium Btu gas 
Agglomerating 

Patgas 
Bianchi 
Bi-Gas 

CO2 acceptor 
Electrofluidic 

Exxon Gasification 
Garrett's Coal Gasification 
G.E. Gas 
Koppers-Totzek 
Lurgi Pressure Gasification 

Molten Salt Kellog 
Sun Gasification 
Synthane 

Two-Staged Fluidized Gasification 
Texaco 

Low Btu gas 
Wellman-Galusha 
Winkler 

NA - Not available. 

aOutside continental United States. 

NA 

Maximum size 
demonstrated 

Bench scale 

NA 
100 lb/hr 

30 ton/day 
12 in. diam. reactor 

pilot plant 
0.5 ton/day 
3.6 ton/day 
SO lb/hr 
16 co11DDercial plantsa 
14 commercial plantsa 

NA 
NA 
4 in. diam. reactor 

pilot plant 
Several models 
10 ton/day pilot unit 

Conunercial 
Commercial 

Current status 

Development details not 
available 

25 ton/day demonstration 
plant almost complete 

30-40 min. runs only 
Pilot plant in France 
120 ton/day pilot plant 

under construction 
Designing commercial plant 

500 ton/day plant planned 
250 ton/day plant planned 

U.S. plants are under 
construction and in 
operation 

Experimental 
Experimental 
75 ton/day pilot plant 

under construction 
Pilot plant designed 
200 ton/day plant being 

refitted in Germany 

2 plants in U.S.A. 
Being considered for 

installation in U.S.A. 

Source: Southwest Research Institute, for Department of Energy; Transportation Energy 
Conservation Division, Identification of Probable Automotive Fuels Composition: 
1985-2000, Alternate Fuels Utilization Program, Washington, D.C., May 1978, 
Table B.10, p. 152. 
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FIGURE 5,15 ILLUSlRATES THAT A 50% REDIJCTION IN COAL RESOURCE REQUIREt-ENTS 
IS ATTAINABLE Tl-ROUGH INCREASING COAL CONVERSION EFFICIENCES FROM 35% 
TO 55% AND INCREASING RELATIVE ENGINE EFFICIENCIES OF TRANSPORTATION 
VEHICLES USING LIQUEFIED COAL OR COAL PRODUCTS FRQ\1100% TO J.il, THE 
FIRST GOAL (INCREASING COAL CONVERSION EFFICIENCIES) IS BEING REACHED BY 
UTILIZATION OF THE H-CQL\L (SOLVENT HYDROGENATION) PROCESSj THE SECOND 
(INCREASING RELATIVE ENGINE EFFICIENCIES) HAS BEEN AOOPTED AS A PRIORITY 
PROJECT BY TnE IlEPARTI-ENT OF ENERGY'S TR~NSPORTATION ENERGY ~SERVATION 
DIVISION, FIGURE 5,15 IS BASED ON A NORMALIZED THERt-'AL EFFICIENCY OF 35% 
OF THE PRESENT SASOL* PLANT AND AN Orro ENGINE AT RELATIVE EFFICIENCY OF 100, 

~ 
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.2 

i 
8 
ii 
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90 --------.-----.----.---.------r--.--.--------r--.----, 

80 

70 

60 

50 

40 

30 

60 

0.5 

80 100 120 140 160 

Relative engine efficiency - % 

Fig. 5 .15 
Relative Resource Requirements for Fuel/Engine 

Systems Based on Coal Liquids. 

180 

Source: Department of Energy, Assistant Secretary for Conservation and 
Solar Applications, Transportation Energy Conservation Division, 
PPogPam Planning Doaument HigtUJ.Jay Vehicle AltePnative Fuels 
Utilization F'PogPam (AFUP), Alternative Fuels Utilization Program, 
Washington, D.C., April 1978, Fig. 4.2, p. 4-7. 

*SASOL - South African Coal, Oil and Gas Corporation. 
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THE LOCATIONS OF MAJOR U,S, OIL SH4LE DEPOSITS ARE SHOWN IN FIG, 5,16. 
THE VAST MAJORITY OF THE HIGH-GRADE DEPOSITS OF OIL SHALE IN THE li-4ITED 

STATES ARE FOI.N) IN TI£ GREEN RIVER fORMATIOO LOCATED IN WYOMING, 

CoLORAOO, AND lJTAH, GASOLINE AND DISTILLATE OILS PRODUCED FRCJ-1 OIL 

SHALE ARE LIKELY TO BECCM: AVAIL.ABLE BEFORE 1985,, BUT ARE NOT LIKELY TO 

HAVE A SIGNIFICANT IWACT ON TRANSPORTATION ENERGY USE LNTIL THE POST-

1985 PERIOD. 
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Fig. 5.16 

Area underlain 
by the Green 

River Formation 

-Approximate extent 
of selected minable 

seam in the Mahogany 
Zone (at least 30 feet 

thick and averaging 
at least 30 gal. /ton). 

ttffl 
Deposits assayed at 
less than 15 gallons 
of syncrude per ton 

Principle Oil Shale Deposits in the U.S. 

Sources: University of Miami and Escher Technology Associates, for 
Department of Energy, Transportation Energy Conservation 
Division, AltePnative Fuels and Interaity Truaking, Alternative 
Fuels Utilization Program, Washington, D.C., June 1978, 
Fig. 8-9, p. 184; Southwest Research Institute, for Department 
of Energy, Transportation Energy Conservation Division, 
Identifiaation of Probable Automotive Fuels Composition: 
1985-2000, Alternate Fuels Utilization Program, Washington, D.C., 
May 1978, Fig. 1-4, p. 197. 
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~OWN WORLDWIDE DEPOSITS OF OIL SHALE ARE NLMEROUS; 1-0WEVERJ A GREAT 
DEAL OF UNCERTAINTY EXISTS REGARDING ESTIMATES OF IN-PLACE RESERVES, 
DIFFERENCES IN THE COMPOSITION OF VARIOUS SHALES AND THE PRELIMINARY 
NATURE OF EXPLORATION EFFORTS ACCOUNT Fffi THE QUESTIONABLE RELIABILITY 
OF THESE ESTIMATES, TABLE 5,16 SHOWS THAT KN~ RESERVES OF OIL SHALE 
HAVE BEEN ESTIMATED AT 334 x lolO BBL WITH AIJvOST 75% OF ALL RESERVES 
OCCURRING THE lJNITED STATES, THE U,S, BuREAU OF MINES HAS ESTit-'ATED THE 
TOTAL RESERVE AT 2200 x 109 BBL WHILE THE NATIONAL PETROLEl.1'1 CoUNCIL 
MAINTAINS A SLIGHTLY LCMER ESTit-'ATE OF 2(ffi x 109 BBL. 

Table 5.16 
Major Oil Shale Deposits by Country, 1978 

Country 

Australia 
Brazil 
Balkans and 
Central Europe 

Canada 
China 
Congo 
France 
Germany (West) 
Great Britain 
Israel 
Italy 
Luxembourg 
New Zealand 
Republic of 
South Africa 

Spain 
Sweden 
Thailand and Burma 
United States 

Piceance Basin, 
Colorado 

Uinta Basin, 
Utah 

Green River Basin, 
Wyoming 

Brooks Range, 
Alaska 

Indiana, Kentucky 
U.S.S.R. 

Estimated 
total oil 
in ~lace 
(10 bbl) 

0.27 
800.0 

0.34 
50.0 
28.1 

100.0 
0.425 
2.0 

0.2 
35.0 
0.7 
0.56 

0.13 
0.28 
2.5 
2.8 

2200.0 

115 

Total 3,340 

Thickness 
(ft) 

0-88 
60-328 

200 
450 

30 
3-50 

16 

0-140 
16 

5 

3 
14 
so 
20 

1940 

700 

15-80 

4 

0-400 

Estimated 
U.S. gallons 

per 
short ton 

13-100 
13-20 

25 
15 
25 

10-27 
12 

12 
25 

so 

48 
30-35 

15 
25-70 

10-65 

10-65 

10-65 

130 

10 

Source: Southwest Research Institute, for Department of Energy, 
Transportation Energy Conservation Division, Identifiaation 
of Probable Autorrvtive Fuels Composition: 1985-2000, Alternate 
Fuels Utilization Program, Washington, D.C., May 1978, Table 1-4, 
p. 198. 
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DESPITE THE NUfvBER OF SHALE CQ'NERSION PROCESSES, NO ONE PROCESS HAS 

BEEN SH)WN TO BE BEST FOR THE PRODU:TION OF TRANSPORTATION FUELS, l T 

IS LIKELY THAT A COl13INATIQ'J OF RETORTING PROCESSES WOULD BE TvDST 

EFFICIENT IN THE PRODUCTIO'I OF TRANSPORTATIQ'J FUEL, 

AT PRESENT., LITTLE PROGRESS IS BEING f'AADE IN THE UNITED STATES IN RETORT 

AND IN SITU PROCESS DESIGN, ONLY THE PARAHO PLANT IS OPERATING ON A 

LARGE SCALE., ALTHOUGH THE Tosco II AND UNION DESIGNS SHOW CONSIDERABLE 

PR<J-1ISE, FOREIGN PROCESSES AVAILABLE ON AN EQUAL 00 LARGER SCALE ARE 

THE LURGI-RUHRGAS., RusSIAN., AND PETROSIX PROCESSES, 

Table 5.17 
Current Shale Conversion Processes by Type of System, 

Demonstrated Size, and Current Status 

Technique 

Max 
demonstrated 

size 
(tpd) 

Current status 

Retorting 
N-T-U 150 Active 

Inactive USBM Gas Combustion 
Texaco Hydrotorting 
Union A 
Union S 

Tosco II 
Lurgi-Rhurgas 

Petros ix 
Paraho Direct and 

Indirect 
Superior Oil 

USSR Kivi ter 

USSR Galotec 

500 (lb/hr/ft 2
) 

NA 
1,200 

10,000 

1,000 
12 

2,500 
450 

1,102 

3,600 

Laboratory development 
Inactive 
10,000 tpd demonstration 

plant planned 
Active 
4,000 tpd demonstration 

plant planned 
Active 
13,000 tpd commercial 

plant planned 
Pilot plant under 

construction 
1,102 tpd plant under 

constructiona 
3,306 tpd plant under 

constructiona 
In-situ 

USBM 
Sinclair 

Active - field experiments 
Inactive - field 

experiments ended in 
1966 

a 

Equity 

Shell 

Dow 

Nuclear 

Occidental-modified 

Geokinetics 
Lawrence Li venno re 

Inactive - field 
experiments ended in 
1971 

Inactive - field 
experiments ended in 
1972 

Active - recently proposed 
(to DOE) 7 yr $42 x 10 5 

project 
Inactive - experimental 

work ended in 1968 
Active - commercial 

operations under 
development 

Active - field experiments 
Inactive - experimental 

plans never approved 

Several smaller plant~ are in operation. The largest Galoter in 
o~e'.atlon has a capacity of 551 tons per day while the largest 
K1v1ter operates at a capacity of 275 tons per day. 

Source: Southwest R~search Institute, for Department of Energy, 
Transportation Ener~y Conservation Division, Identifiaation 
of Probable Automot~ve Fuels Composition: 1985-2000, Alternate 
Fuels Ut1hzat1on Program, Washington, D.C., May 1978, 
pp. 28--56. 
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FIGURE 5.V PRESENTS DATA SH)WING TI-E SAVINGS IN OIL SHALE RESOURCES 
ASSOCIATED WITH IMPROVED EFFICIENCIES OF BOTH CONVERSION PROCESSES AND 
ENGINE DESIGN, 
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Fig. 5.17 
Relative Amounts of Oil Shale Required for Various 

Fuel/Engine System Efficiencies.a 

aThis figure is based data normalized to TOSCO II technology plus the 
Otto engine. 

Source: C. J. Anderson, Lawrence Livermore Laboratory, Alternative 
Fuels for Transportation: Implications of the Broadcut 
Option, University of California, Livermore, Calif., 
July 11, 1977, p. 8. 
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THE ULTIMATE POTENTIAL OF TAR SANDS AS A PETROLELM SUBSTITUTE IS MUCH 

LOWER THAN THAT OF COAL OR SHALE, ESTIMATES OF ULTIMATE RESERVES 

INDICATE THAT THE TAR SAND POTENTIAL IS ONLY APPROXIMATELY 2% THAT OF 

OOAL AND 8% THAT OF OIL SHALE, TAR SANDS HAVE A LOWER POTENTIAL THAN 

THAT OF PETROLEl.M CRUDE, As SEEN IN TI-IE TABLE BELO/I, TI-IE MAJORITY OF 

TAR SAND DEPOSITS ARE LOCATED IN CANADA (APPROXIMATELY 80%) AND 

VENEZUELA (APPROXIMATELY 2CJ%). 

Location 

Canada 
Venezuela 
Madagascar 
U.S.A. 
Albania 
Rumania 
U.S.S.R. 

Table 5.18 
Tar Sand Reserves 

In-place reserves 
(10 6 bbl) 

711,000 
200,000 

1,800 
2,100 

400 
25 
25 

Source: W. F. Taylor and H.J. Hall, Exxon Research and Engineering 
Company, Future Synthetia FueZs, U.S. Department of the Army, 
Washington, D.C., September 1975, p. 56. 

THE CQ\1PATIBILITY OF TAR SAND CRll>E WITI-1 PRESENT PETROLEl.M TECHNOLOOY 

IS BITTER THAN THAT OF SHALE-ROCK-OR COAL-DERIVED CRll>ES, THE 

TECHNOLOGY AVAILABLE TO PROCESS HEAVY PETROLELM CRll>E OIL CAN BE USED 

TO PROCESS TAR-SANO-DERIVED CRll>E, 
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CosT IS DIRECTLY RELATED TO lHE TIMING AND DEGREE OF PENETRATIOO OF 

ALTERNATE FUELS INTO 11-IE TRANSPORTATIOO SECTOR, As THE PRICE OF 

PETROLELM-BASED PRODUCTS INCREASES, ALTERNATE FUELS FRCM BIOW\SS 

CONVERSION PROCESSES WILL BECOr-E INCREASINGLY CCMPETITIVE, CURRENTL y, 

ETHANOL PRODUCTS ARE lHE ~T EXPENSIVE, WHILE OIL PRODUCTS FROM SOLID 

WASTEJ COALJ AND OIL SHALE ARE LEAST EXPENSIVE, THE COST OF ~OL FROM 

VARIOUS PROCESSES FALLS BElWEEN lHE COSTS FROM OIL PRODUCTS AND ElHANOL, 

Table 5.19 
Costs of Biosolar Liquid Synfuels for Transportation 

Product Source Process $/106 Btu $/bbl,a 
c.o.e. Source 

Methanol Tree crop Pyrolysis/ 5.20 30 American Energy Research 
synthesis Company, 1976 

Methanol Municipal Pyrolysis/ 6.45 38 American Energy Research 
solid waste synthesis Company, 1976 

Methanol Municipal Pyrolysis/ 5.91 34 Mitre Corporation, 1975 
solid waste synthesis 

Methanol Coal Various 2.91-5.11 17-30 Lawrence Livermore 
surface Laboratory, 1976 

Methanol Air/water D-T fusion 1.65-12. 96 10-75 Brookhaven National 
Laboratory, 1975 

Methanol Steel By-product 2.81 16 Mitre Corporation, 1975 
production 

Methanol Coal In situ 2.68 16 Lawrence Livermore 
gasification Laboratory, 1975 

Ethanol Corn @ $2/bu Fermentation 12.50 72 American Energy Research 
Company, 1976 

Ethanol Corn@ $1/bu Fermentation 8.99 52 Mitre Corporation, 1975 
Ethanol Municipal Acid 9.56-19.67 56-114 Mitre Corporation, 1975 

solid waste hydrolysis 
Ethanol Waste paper Enzymatic 8.87 51 Mitre Corporation, 1975 

hydrolysis 
Ethanol Cellulosic Enzymatic 11.00-24.30 66-141 Food Sciences Laboratory, 

waste hydrolysis USA Natick R&D, 1975 
Ethanol Free waste Fermentation 1.80 10 D. L. Miller in Cellulose 

sugar as a Chemical and 
Energy Reso=e, 1975 

Ethanol Sugar cane Fermentation 12.60 73 Lawrence Livermore 
of sucrose Laboratory, 1976 

Oil Material Pyrolysis 3.70 22 C. S. Finney and D. E. 
solid waste Garrett, in.Energy 

Souraes 1 1975; and 
H. W. Schulz in 
Professional Engineer 
45, 1975 

Gasoline Material Pyrolysis 4. 72 25 G. D. Smith et al., 
solid waste Syrrposium on Alternate 

Fuel Resouraes, 1976 
Gasoline Petrolewn 35~/gal at 

refinery 
2. 77 16 Mitre Corporation, 1975 

Oil Shale Gas combustion 2.03 12 Lawrence Livermore 
retorting Laboratory, 1976 

Oil Coal Various surface 2.98 17 Lawrence Livermore 
Laboratory, 1976 

a c.o.e. - crude oil equivalent. 

Source: Carl J. Anderson, Lawrence Livermore Laboratory, for Department of Energy, Biosolar 
Synfuels for Transportation, University of California, Livermore, Calif., January 17, 
1977, Table 1, pp. 5-6. 
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A WIDE RANGE OF ESTIMA.TES EXISTS CONCERNING THE POTENTIAL CONIBIBITTION 
OF BIOSOL.AR SYNTHETIC FUELS IN MEETING OUR NATION'S ENERGY NEEDS, A 
REASONABLE CONCLUSION FROM TABLE 5.21 IS THAT ~ILE FUELS FRQ\1 THESE 
SOURCES COULD CQ'ffRIBUTE TO OUR TRANSPORTATION ENERGY NEEDS, THEY ARE 
INSUFFICIENT SOURCES IN AND OF THEMSELVES, THIS IS TRUE EVEN lHOUGH BY 
THE YEAR 2(XX) THE PROJECTED ENERGY RECOVERABLE FRCJ-1 WASTE WILL INCREASE 
SUBSTANTIALLY, ASSLMING INCREASED WASTE AVAILABILITIES AND CONVERSION 
EFFICIENCIES, 
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Table 5.20 
Projected Energy Recoverable for Transportation 

from Waste in Year 2000 

Agriculture 
waste 

Feedlot residue 
Municipal 
solid waste 

Gross amowtt 
(10 6 tons/year) 

700-820 
133 

200-227 

Fraction 
potentially 
recoverable 

0.4 
0.7 

0.7 

Conversion 
factor 

(tons/ton) 

0.3 
0.3 

0.2 

Potential quads 
produciblea 

1.44-2 .28 
0.48-0.64 

0.48-0.73 

aBased on conversion of lower gross quantity to methanol and higher quantity 
to ethanol. A quad is 1015 Btu. 

Source: Carl J. Anderson, Lawrence Livermore Laboratory, for Department 
of Energy, Biosola.I' Synfuels for Transportation, University of 
California, Livermore, Calif., January 17, 1977, Table 5, p. 9. 

Total U.S. 

Grain crop 

Agriculture 
waste 

Feedlot 
residue 

Municipal 
solid waste 

Forest 
waste 

All organic 
waste 

Table 5.21 
Magnitude of Biosolar Synthetic Fuels Available 

for Transportation, 1975 

Conversion Available Fraction Conversion Potential \ of U.S. 
process and amowit potentially factor ener~ produced energy Source 

product (10 6 tons/yr) recoverable (ton/ton) (10 5 Btu) demand 

Ethanol by 246 1.0 0.28 1.6 12 American Energy Research 
fermentation Co., 1976 

Methanol by 1640-3000 0.1 0.3 0.32-1.5 3-12 American Energy Research 
pyrolysis Co., 1976 

360 0.1 0.3 0.18 1.7 A. Poole, in The Energy 
Consel'Vation Pape1'8, 
R. H. Williams (ed), 
1975 

Methanol by 47 0. 7 0,3 0.17 1. 7 A. Poole, in The Energy 
pyrolysis Consel"IJation Pape1'8, 

R, H. Williams (ed), 
1975 

Methanol by 140 0. 7 0.2 0.3 3 American Energy Research 
pyrolysis Co.• 1976 

87 o. 7 0.2 0.2 2 A. Poole, in The Ene:rgy 
Consel"IJation Pape1'8, 
R. H. Williams (ed), 
1975 

Methanol by 130 0.5 0,3 0.3 3 American Energy Research 
pyrolysis Co., 1976 

Oil by 880 0.15 0. 28 8 D. L. Klass• in 
pyrolysis PI'Oceedings, Clean Fuels 

from Biomass, SBbJage, 
Urban Refuse, and 
Agriculturt:zl Wastes, 
Jan. 27-30, 1976 

Source: Carl J. Anderson, Lawrence Livermore Laboratory, for Department of Energy, Biosolar Synfuels for Transportation, 
University of California, Livermore, Calif., January 17, 1977. Table 3, p. 8. 
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f'ETHANOL HAS BEEN IDENTIFIED AS A PROBABLE ALTERNATE FUEL Fffi TI-IE TRANSPORTATION SECTOR, TABLE 5.22 
INDICATES THAT TIE COST OF PRODUCING t,ETHANOL IS VARIABLE AND THAT THE PRODUCTION FR~ MUNICIPAL SOLID 
WASTE IS CURRENTLY TI-IE t-mE EXPENSIVE t,ElliOD, 

Table 5.22 
Comparison of Methanol Production Costs from Various 

Studies Using Gasification Processes 

AECa ORNL' AECa Seattle0 

Energy output, 
tpd (Btu) 5000 (1 X 1011

) 12,500 (2.5 X 10 11 ) 5000 (1 X 10 11 ) 300 (5.6 X 109
) 

Gasification 
process 

Input Fuel 
tpd (Btu) 

Thermal 
efficiency, % 

e Total cost per 
106 Btu output 

Koppers-Totzek 

9900 (2.1 X 10 11
) 

East. bituminous 
coal 

21.3 x 10 6 Btu/ton 

46 

$2.57 

aAtomic Energy CoDDDission. 

bOak Ridge National Laboratory. 
0 city of Seattle, Washington. 

dDupont Chemical Corporation. 

Winkler Purox(pyrolysis) 

14,900 (3.7 X 10 11 ) 13,700 (2.37 X 10 11 ) 

East. bituminous West. Sub-
coal bituminous coal 

25 x 106 Btu/ton 17.2 x 106 Btu/ton 

60-67 

$1.57-1. 72 

41 

$2.15 

1500 (15 X 109
) 

Municipal solid 
waste 

5000 Btu/ton 

38 

$6.54 

6 Total costs include capital investments, operating costs, and input fuel costs. 

Dupont 

5000 (1 X 10 11 ) 

Texaco 

8430 

High sulfur 
East. bituminous 

coal 

51.5 

$10.oof 

fstudy based on a plant scheduled for startup in 1983. With low interest financing guaranteed by the federal 
government, costs could be reduced to $7.63/10 6 Btu. 

Source: Southwest Research Institute, for Department of Energy, Transportation Energy Conservation Division, 
Identification of Probabte Automotive Fuels Composition: 1985-2000, Alternate Fuels Utilization 
Program, Washington, D.C., May 1978, Table 4, p. 170. 
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TABLES 5,23 AND 5.24 PROVIDE SLM-1ARY DATA ON HEALTH AND SAFETY ASSESSMENTS 
OF ALCOH:>L FUELS, WHILE FEW TESTS HAVE BEEN RUN ON VARIOUS ALCOH:>U 
GASOLINE BLENDSJ TOXICITY RATI~S AND CQ\1BUSTION LEVELS ARE AVAILABLE 
FOO NEAT ETH4.NOL AND METHANOL. LIKE GASOLINE) BOTH METHANOL AND ETHANOL 
POSE POTENTIAL EXPLOSION AND FIRE HAZARDS ASSOCIATED WITH THEIR HANDLING 
AND STORAGE, WHILE IT IS KN™N THAT INGESTION) INHALATION) AND ABSORPTION 
OF METHANOL) ETHANOL AND THEIR COMBUSTION PRODUCTS (ESPECIALLY 
FORMALDEHYDE) ARE EXTREMELY DANGEROUS) INFffirv\l\TION 00 HEALTH EFFECTS 
RELATED TO LOW-LEVELJ CHRONIC EXPOSURE IS Al.J'OST COMPLETELY LACKING, 

Table 5.23 
Comparative Combustion and Safety Hazard 

of Alcohols and Gasoline 

NFPA Hazarda b 
Identification Signals 

Health Fire Reactivity Extinguishing 
agents 

Gasoline 1 3 0 
Methanol 1 3 0 
Ethanol 0 3 0 

~ational Fire Protection Association. 

b4 indicates a severe hazard, 0 indicates no special hazard. 

°Foam. 

dCarbon dioxide or dry chemical. 

e Alcohol foam. 

fwater. 

a, 
e,d 
f,e,d 

Source: Mueller Associates, Inc., for Department of Energy, Trans­
portation Energy Conservation Division, Status of ALaohoi FueLs 
UtiLization TeahnoLogy for Highway Transportation, Alternative 
Fuels Utilization Program, Baltimore, Md., June 1978, 

Gasoline b 

Methanol 
Ethanol 

Table IV-6, p. 42. 

Table 5.24 
Comparative Toxicity Ratingsa of 

Alcohols and Gasoline 

Eye Inhalation Skin Skin 
contact penetration irritation 

2 3 3 1 
2 2 2 1 
2 1 1 l 

al= mild, 5 = extreme toxicity. 

bEstimated, depends on volume. 

Ingestion 

2 
1 
l 

Source: Mueller Associates, Inc., for Department of Energy, Trans­
portation Energy Conservation Division, Status of ALaohoi Fueis 
UtiLization Teahnowgy for Highway i'l'anBportation, Alternative 
Fuels Utilization Program, Baltimore, Md., June 1978, 
Table IV-5, p. 40. 
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TABLE 5,25 PRESENTS THE CHARACTERISTICS OF ALTERNATIVE FUELS FOR INTERCITY 
TRUCKING AND THEIR PROJECTED EFFECT 00 THE FUEL STORAGE SYSTEM, WHILE 
THESE FUELS HAVE BEEN LABORATORY TESTED TO SCM: EXTENT, OPTIMLM FUEL 
ENGINE DESIGN HAS NOT BEEN-ACHIEVED, RESEARCH IS NEEDED IN THE FOLLOWING 
AREAS: 

1. 
2. 
3. 
4. 
5, 
6, 
7. 
3. 
9. 

10, 
11, 

FUEL DELIVERY LINES SYSTEM 
UM-PRESSlRE FUEL DELIVERY Pl.MP 
FUEL INJECTION OR INDUCTION SYSTEM 
ENGINE BLOCK ASSEMBLY, INCLUDING LUBRICATION SYSTEM, INTAKE 
CQ\1BUSTION AND EXHAUST-RELATED SUBS¥STEMS 
IGNITION SYSTEM 
CooLING SYSTEM 
U)NlROL SYSTEM 
ENGINE AND VEHICLE ACCESSORIES, INCLUDING STARTING SYSTEM 
lNSTRUt-ENTATION SYSTEM 
lRIVE TRAIN AND SUSPENSION SYSTEM, 

Table 5.25 
Some Characteristics of Nonpetroleum-Based Alternative Fuels 

Lower heating Fuel weight Fuel volwne Tank weighta Tank spherical Total weight Fuel Form value (lb) (gal) (lb) diameter (lb) (Btu/ lb) (ft) 

Acetylene Dissolved in 20,780 1,333 1,167 3,236 6.7 4,569 
acetone 

Ammonia Liquid at 200 psi 8,000 3,100 482 500 4.9 3,600 
co 2000 psig gas 4,350 6,000 7,158 6,664 12 .2 12,664 
Coal Powdered 10,000 2,254 225 120 3.7 2,384 
#2 diesel Liquid 18,480 1,344 200 130 3.6 1,474 
Ethanol Liquid ll,930 2,100 320 190 4.3 2,290 
#6 fuel oil Liquid 17,160 1,351 167 143 3.5 1,494 
Gasoline Liquid 19,290 1,300 214 128 3.8 1,428 
Hydrazine Liquid 7,000 6,022 715 785 5.7 6,807 
Hydrogen Cryogenic liquid 51,620 477 805 714 5.9 1,191 

Magnesiwn hydride 51,620 477 8,232 4.1 8,709 
Kerosene Liquid 19,090 1,300 192 120 3. 7 1,420 
LPG Pressurized liquid 19,940 1,355 318 333 4.3 1,688 
Methanol Liquid 9,080 2,744 413 248 4.7 2,992 
Methane Cryogenic liquid 21,250 1,155 326 286 4.4 1,441 
Vegetable oil Liquid 16,110 1,544 193 133 3. 7 1,677 

(cottonseed) 

'1ieight estimates based on extrapolations from 20 gallon gasoline energy equivalent tanks asswning spherical configuration. 
No allowance made for increased wall thickness. Estimates are thus low for tank weights but are judged adequate for the 
purposes of this presentation. 

Source: University of Miami and Escher Technology Associates, for Department of Energy, Transportation Division, 
Alternative Fuels and Interoity Trucking, Alternative Fuels Utilization Program, Washington, D.C., June 1978, 
Table 9-3, Fig. 9-6 thru 9-19, pp. 211-254. 
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FIGURE 5,18 PROVIDES A GRAPHIC REPRESENTATION OF THE EFFECTS OF ALCOHOL 
FUELS ON EMISSIONS AND ENGINE PERFORMANCE, WHILE NITROGEN OXIDES ARE 
APPRECIABLY REDUCED AND THERMAL EFFICIENCY INCREASED WITH THE USE OF 
100% METHAOOLJ A 10% METHANOL-9alo GASOLINE BLEND (WITH REGULATED EMISSIONS) 
RESULTS IN A FUEL ECONQ\1Y w-lICH IS NOT SIGN IFICANTLY DIFFERENT FR0'-1 THAT 
OF 100% GASOLINE, THESE CHARACTERISTIC CHANGES ARE ROUGHLY PROPORTIONAL 
TO THE ALCOHOL CONTENT, 

THERMAL EFFICIENCY 

~ 
z 
0 ~ 
~ 10% METHANOL 
~ GASOLINE 
~ BLEND z w 
u z 
0 u 
z 
Q 
Cl) 
Cl) 

:::ii! 
w 

STOICHIOMETRIC 

m 
'Tl 
'Tl 
Q 
m z 
(") 
-< 
"O 
0 
~ 
m 
:0 

-LEAN RICH-
1.0 

EQUIVALENCE RATIO 

Fig. 5.18 
Effects of Alcohol Fuels on Engine 

Performance and Emissions. 

Source: University of Santa Clara, University of Miami, and 
E. E. Ecklund, for Department of Energy , Transportation Erier gy 
Conservation Division, Comparative Aut omot ive Engine Operation 
When Fueled wi th Ethanol, and Metha.noZ, Alcohol Fuels Program, 
Alternative Fuels Utili zation Program, Washington, D.C . , 
May 1978, p . III-10. 
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FIGURES 5.19 AND 5,20 CQ\PARE P™ER OUTPUT AND ENERGY CONSUMPTl<J.J OF 
ENGINES FUELED \'#ITH VARIOUS ALCCl-lOLS (AND ALCOHOL BLENDS) TO A PRCDUCTI<J.J 
GASOLINE ENGINE, TI-E DATA ARE ON ENGINES FOR Wl-llQ-1 IGNITION AND CARBURETION 
CALIBRATIONS WERE ADJUSTED TO ACCOlM" Fffi THE FUEL USED, TAKING INTO 
ACCOUNT THE LOSS OF P™ER CAUSED BY A LEANER MIXTURE., ENGINES USING M15 
FUEL WILL CONSUME APPROXIMATELY 7% LESS FUEL - WITH NO ENGINE ADJUSTIENTS 
FUEL ECONCJv1Y IS REALIZED AS A RESULT OF LEANING EFFECTS, 

Ml5 Ml5 Ml00 Ml00 £100 El00 

LCR LCR* LCR HCR LCR HCR 

ElOO: neat ethanol (SI water) 

MlS: 15 volw. I •tha.nol blend 

MlOO: neat methanol 

LCR: low compression ratio engine 

HCR: high compreasion ratio engine 

•: carburetor adjusted to restore equivalence 
ratio 

Fig. 5.19 
Comparative Power Output of Engines Using 

Several Alcohol Fuels and Gasoline. 

! 
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ElOO: neat ethanol (51 water) 

Ml5: 15 volume I methanol .blend 

Ml00: neat methanol 

LCR: low compre■■ion ratio engine 

HCR: high coaprea■ion ratio engine 

•: carburetor adjusted to restore equivalence 
ratio 

Fig. 5.20 
Comparative Specific Energy Consumption of Engines 

Using Several Alcohol Fuels and Gasoline. 

Source: Mueller Associates, Inc., for Department of Energy, Transportation 
Energy Conservation Division, Status of AZcohoZ Fuels Utilization 
Technology for Highiuay Transportation, Alternative Fuels 
Utilization Program, Baltimore, Md., June 1978, Figs. VI-8, 9, 
pp. 92---93. 
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Population, Income, and the National Economy 

Chapter 6 takes an in-depth look at the demographic and economic 

factors which influence and/or are influenced by transportation demand. 

The population statistics presented in Sect. 6.1 provide a demographic 

profile of the United States. The size of the nation's transportation 

fleet is closely related to its population size (and to its driving-age 

population in the case of motor vehicles). However, the auto fleet 

has grown much more rapidly than the population over the last 25 years. 

Therefore, the chapter also presents variables which reflect changing 

lifestyles (e.g., increasing per capita income and decreasing average 

size of household). 

Data in Sect. 6.1 indicate that the median age of the U.S. population 

continued to increase in 1977. The fastest-growing age group was the 

population from 25 through 34 years of age, which is also the age group 

with the highest number of licensed drivers per capita. The increase in 

number of households in the United States is due largely to a rapid 

increase in one-person (primary individual) households. This increase 

also results in a reduced average household size. In 1977 there were 

almost two licensed drivers per household and approximately 1.3 cars 

available for each household. The driver per vehicle ratio approached 

one to one. 

In 1976 median household income in constant 1975 dollars was $11,990; 

median family income was $14,218 (see Tables 6.5 and 6.7). Although house­

hold income has increased greatly since 1967 in terms of current dollars, 

real household income measured in terms of constant 1975 dollars actually 

has increased only slightly. Family income has increased more, which may 

be due to an increase in two-wage-earner families. 

6-3 
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Section 6.2 deals with the impact of transportation on our national 

economy. Personal consumption expenditure (PCE) on transportation repre­

sents 14% of total PCE in the United States. This has increased 41% since 

1970. Expenditures on transportation comprise the fourth-largest item on 

which people in the United States spend their income. However, transpor­

tation's contribution to total national income has actually decreased 

slightly since 1970 and was 3.6% of total national income in 1977. 

Table 6.11 and Fig. 6.8 show the U.S. balance of payments. The data 

show that overall the United States is importing more goods than it is 

exporting. The recent negative change in our balance of payments is 

related to the large increase in petroleum prices in 1973. 

The wages and salaries paid by the transportation industry and the 

corresponding employment level reflect the decrease in rail and marine 

activity over the last few decades. Trucking, air, pipeline, and trans­

portation services have increased but not enough to offset the decline 

in rail and marine. 

Employees involved directly in the transportation industry comprise 

about 3% of total U.S. employment. However, if one extends the definition 

to include employees involved in related areas such as transportation 

equipment manufacturing, automotive sales and services, or government 

officials involved with transportation, the percent of the total civilian 

labor force involved with transportation increases to 11%. 
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BElWEEN 1970 AND 1977 THE LJ,S, POPULATION CONTINUED TO AGE, WITH THE 
MEDIAN AGE OF THE POPULATION BEING 29,4 YEARS IN 1977, BoTH THE 
PRESCHOOL-AGE AND THE ELEMENTARY-SCI-OOL-AGE POPULATION DECLINED, WHILE 
THE FASTEST GROWING AGE GROUP WAS THE POPULATION FRCJ,125 THROUGH 34 
YEARS OF AGE, THIS IS ALSO THE AGE GROUP WITH THE HIGHEST PERCENT OF 
LICENSED DRIVERS, 

Age Structure of the 
Table 6.1 

Population: 
(103) 

July 1, 1970 and 1977 

Population Percent Population change, distribution 
Age 1970-77 

July 1, April 1, July 1, April 1, 1977 1970 1977 1970 Number Percent 

All ages, total 216,817 204,335 100.0 100.0 +12,482 +6.1 

Under 5 years 15,236 17,163 7,0 8.4 -1, 927 -ll.2 
5 to 13 years 32,227 36,675 14.9 17.9 -4 ,448 -12.l 
14 to 17 years 16,783 15,854 7.7 7.8 +929 +5,9 
18 to 24 years 28,602 24,455 13.2 12.0 +4, 14 7 +17.0 
25 to 34 years 33,149 25,146 15.3 12.3 +8,003 +31.8 
35 to 44 years 23,543 23,214 10.9 11.4 +330 +1.4 
45 to 54 years 23,389 23,254 10.8 11.4 +135 +0.6 
55 to 64 years 20,395 18,603 9.4 9.1 +l,793 +9.6 
65 years and over 23,494 19,972 10.8 9.8 +3,521 +17.6 

aTotal population including Armed Forces overseas. 

Source: U.S. Department of Commerce, Bureau of the Census, Current Population 
Reports, Series P-25, No. 721, "Estimates of the Population of the United 
States, by Age, Sex, and Race: 1970 to 1977," Washington, D.C., 1978, 
p. 2 and 4. 

., .., .. ,. .. 
a .. 
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YEAR 

Fig. 6.1. Median Age of the Population, 1960-1977a. 

Source: U.S. Department of Commerce, Bureau of the Census, Current 
Poputation Reports, Series P-25, No. 721, "Estimates of the 
Population of the United States, by Age, Sex, and Race: 1970 
to 1977," Washington, D.C., 1978, pp. 2 and 4. 
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Fig. 6.2. Distribution of the Total Population by Age 
and Sex: April 1, 1970 and July 1, 1977. 
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Source: U.S. Department of Commerce, Bureau of the Census, Current 
Population Reports: Population Estimates and Projections, 
Series P-25, No. ·· 721, Washington , D.C., Figure 2, p. 3. 
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IN 1977, THE RATIO OF LICENSED DRIVERS TO HOJSEHOLDS WAS 1.86 TO 1.0. THERE WERE 1.3 CARS AVAILABLE 

PER 1-0USEHOLD IN THE UNITED STATES, 

Table 6.2 
Household and Family Units, 1950 through 1978 

(103) 

Households a 
total b 

Primary families 
Primary individualaa 
Cars per household 
Licensed drivers per 

household 
Familiesb 

1950 1960 

43,554 52,799 
38,838 44,905 
4,716 7,895 
0.82 1.08 

total 39,303 45,111 

aAll persons who occupy a housing unit. 

1970 1975 1976 
--

63,401 71,120 72,867 
51,456 55,563 56,056 
11,945 15,557 16,811 

1.26 1.33 1.34 

1.84 

51,586 55,712 56,245 

1977 

74,142 
56,472 
17,669 

1.34 

1.86 

56,710 

1978 

76,030 
56,958 
19,071 

57,215 

bA group of two or more persons residing together who are related by blood, 
marriage, or adoption. A primary family includes among its members the married 
couple or person maintaining a household. A "secondary family" include no member 
related to the person or persons maintaining the household, that is, lodgers, 
guests, or resident employees. 

aPersons maintaining a household with no relatives in the household. 

dPassenger cars in operation, as estimated by R. L. Polk & Co. 

Sources: U.S. Bureau of the Census, Current Population Reports, Series P-20, 
No. 313, "Households and Families by Type: March 1977 (advance report)," 
U.S. Government Printing Office, Washington, D.C., 1978, Table 5; U.S. 
Bureau of the Census, Current Population Reports, Series P-20, No. 327, 
"Households and Families by Type: March 1978 (advance report)," U.S. 
Government Printing Office, Washington, D.C., 1978, Table I. 
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THE RAPID INCREASE IN PRIMARY INDIVIDUAL HOUSEHOLDS HAS CONTRIBUTED TO 
THE RECENT REDUCTION IN AVERAGE HOUSEHOLD SIZE., WHICH DECLINED FROM AN 
ESTIMATED 3,14 PERSONS IN 1970 TO 2.86 PERSONS IN 1977, THE HIGHEST 
RATE OF INCREASE SINCE 1970 IN PERSONS LIVING ALONE HAS BEEN FOR THOSE 
UNDER AGE 25., ESPECIALLY MALES, THIS TREND COULD HAVE IMPACTS ON THE 
GRONTH IN NLMBER OF CARS PURCHASED BECAUSE., ON THE AVERAGE., HOUSEHOLDS., 
REGARDLESS OF SIZE., TEND TO HAVE AT LEAST ONE CAR AVAILABLE, , _______________________ _ 

3.11 

2. II 

2.1 

LEGEND 
o - PER HOUSEHOLD 
A-PER nMIU' 

2.,------------------------,,---t 
193lt 11HO 1M1t 19IIO 19118 1960 1966 1970 1m 1980 

YEAR 
Fig. 6.3. Average Population Per Household and Per Family, 

1940-1977. 

Source: U.S. Department of Commerce, Bureau of the Census, Current 
PopuZation Reports, Series P-20, No. 313, "Households and 
Families by Type: March 1977 (Advance Report)," Washington, D.C., 
1978, p. 4. 
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l N 1977., OVER TWO-TIU RDS OF THE NATI ON' S F.AMI LI ES LIVED IN METROPOLITAN 

AREAS, SIXTY PERCENT OF THE F .AMI LI ES HAD 3 OR LESS MEMBERS, 

Table 6.3 
Selected Characteristics of Families, 1977 

(103) 

Characteristics 

Total families 
Type of residence 
Metropolitan areas 
Nonmetropolitan areas 

Nonfarm 
Farm 

Size of family 
2 persons 
3 persons 
4 persons 
5 persons 
6 persons 
7 persons or more 

Tenure 
Homeowners 
Renters of private housing 
Renters of public housing 

Age of family members 
All members 
Under 18 years 
18 to 64 years 
65 years and over 

Number 

56,710 

37,955 
18,755 

54,526 
2,184 

21,530 
12,472 
11,483 
6,209 
2,800 
2,216 

40,815 
14,844 
1,050 

190,844 
63,885 

111,886 
15,073 

Source: U.S. Bureau of the Census, Current Population Reports, 
Series P-20, No. 313, "Households and Families by Type: 
March 1977 (advance report)," U.S. Government Printing 
Office, Washington, D.C., 1978, Table 4. 

Percent 

100.0 

66.9 
33.1 

96.1 
3.9 

38.0 
22.0 
20.2 
10.9 
4.9 
3.9 

72.0 
26.2 
1.9 

100.0 
33.5 
58.6 
7.9 
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Ir~ "J!Jll TI-IE NLM3ER OF DRIVERS PER VEHICLE., WHICH INCLUDES TRUCKS AND 
BUSES., APPROACHED ONE, H™EVER., TI-IERE ARE ONLY 0,8 CARS PER DRIVER, 

Table 6.4 

Licensed Drivers by Age, 1977a 
(%) 

Age Male Female Total 

Under 16b 
16 1.4 1.3 1.4 
17 2.2 2.1 2.2 
18 2.5 2.5 2.5 
19 2.7 2.7 2.7 
20-24 13.4 13.8 13.6 
25-29 12.8 13.5 13.1 
30-34 10.6 11.3 10.9 
35-39 8.5 9.1 8.8 
40-44 7.5 7.8 7.6 
45-49 7.4 7.6 7.5 
50-54 7.3 7.5 7.4 
55-59 6.8 6.8 6.8 
60-64 5.6 5.3 5.5 
65-69 4.7 4.0 4.4 
70 + 6.3 4.6 5.5 
Total 100.0 100.0 100.0 
Total, 10 3 74,195 63,706 137,901 

Drivers per capita 0.70 0.57 0.64 
Drivers per person 18+ 0.90 
Drivers per vehicle 0.96 
Cars per driver 0.83 

aEstimated for 1977 from calendar year reports of state authorities and 
other sources. 

bl . .f. b ns1gn1 1cant num er. 

Source: U.S. Department of Transportation, Federal Highway 
Administration, Selected HigfDJJay Statistics, 19?6, 
Washington, D.C. 
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l"EDIAN HOJSEI-K)U) INCOME IN CURRENT DOLLARS INCREASED TO $12.,686 IN 1976, 
HowEVER., IN TERMS OF CONSTANT DOLLARS THE PATTERN HAS BEEN SCJv1EWHAT 
ERRATIC., Willi PERIODS OF DECREASE, (SEE TABLE 6,7 FOR FN-11LY INCQ\1E,) 
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Table 6.5 
Median and Mean Household Income in Current 

and Constant Dollars, 1967-1976 

Current dollars 1975 constant dollars 

Median Mean Median Mean 

1967 7,143 7,989 11,521 12,885 
1968 7,743 8,760 11,986 13,560 
1969 8,389 9,544 12,319 14,015 
1970 8,734 10,001 12,114 13,871 
1971 9,028 10,383 12,005 13,807 
1972 9,697 11,286 12,480 14,525 
1973 10,512 12,157 12,726 14,718 
1974 11,197 13,094 12,224 14,295 
1975 11,800 13,779 11,800 13,779 
1976 12,686 14,922 11,990 14,104 

aDeflated by the conswner price index. 

Source: U.S. Department of Commerce, Bureau of the Census, Current 
Population Reports, Series P-60, No. 109, Washington, D.C., 
1978, pp. 9-10. 

HOUSEHOLD (1975 CONST.ANT DOI.URS) 

HOUSEHOLD (CURRENT DOLLARS) 

a 

7 -r--➔--r----,---,.--,----,---,.--,-----...... --,---.. 
1988 1N'7 1968 1969 1970 1971 1'172 1ffl ln UJ75 1'176 lfT/7 um, 

YEAR 

Fig. 6.4. Median Household Income in Current and 
1975 Constant Dollars. 
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INCREASE IN 1-()l.JSEHOLD INCQ\1E IS t'OST DRN-1ATIC BElWEEN ONE-PERSON AND T't.0-PERSON 1-00SEI-OLDS, THIS 
PROBABLY REFLECTS A SUBSTANTIAL AGE EFFECT, 

Table 6.6 
Median and Mean Income by Size of Householda, 1976 

(in current and constant 1975 dollars) 

Household 
size 

Number of households 
(103) 

Total 
One-person 
Two-person 
Three-person 
Four-person 
Five-person 
Six-person 
Seven-or-more person 

72,142 
15,532 
22,775 
12,794 
11,630 
6,285 
2,864 
2,263 

alncludes members 14 years old and over. 

bDeflated by the consumer price index. 

Current dollars 

Median Mean 
income income 

12,686 14,922 
5,365 7,400 

12,206 14,354 
15,139 16,945 
17,133 18,975 
17,723 19,910 
17,648 20,336 
16,428 19,296 

1975 constant dollars 

Median Mean 
income income 

11,990 14,104 
5,071 6,994 

11,537 13,567 
14,309 16,016 
16,194 17,935 
16,751 18,818 
16,680 19,221 
15,527 18,238 

Source: U.S. Department of Commerce, Bureau of the Census, Current Population Reports, 
Series P-60, No. 109, Washington, D.C., 1978, p. 24. 
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THE GAP BElWEEN MEDIAN FAMILY INCQ\1E AND MEDIAN HOUSEHOLD INCQ\1E 
CONTINUES TO WIDEN, PART OF THE DISCREPANCY IS PROBABLY DUE TO THE 
INCREASE IN SINGLE-PERSON HOUSEHOLDS WITH A SIMULTANEOUS INCREASE IN 
TWO-EARNER FAMILIES, (SEE TABLE 6,5 FOR HOUSEHOLD INCQ\1E,) 
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Table 6.7 
Median and Mean Family Income in Current and 

Constant Dollars, 1950-1977 

Current dollars 1975 constant dollars a 

Median Mean Median Mean 

1950 3,319 3,815 7,425 8,535 
1955 4,418 4,962 8,871 9,964 
1960 5,620 6,227 10,218 11,322 
1965 6,957 7,704 11,872 13,147 
1966 7,532 8,395 12,491 13,922 
1967 7,933 8,801 12,795 14,195 
1968 8,632 9,670 13,362 14,969 
1969 9,433 10,577 13,851 15,532 
1970 9,867 11,106 13,685 15,404 
1971 10,285 11,583 13,677 15,403 
1972 11,116 12,625 14,306 16,248 
1973 12,051 13,622 14,590 16,492 
1974 12,902 14,711 14,085 16,060 
1975 13,719 15,546 13,719 15,546 
1976 14,958 16,870 14,138 15,945 
1977 16,009 18,264 14,218 16,220 

aDeflated by the consumer price index. 

Source: U.S. Department of Commerce, Bureau of the Census, CuPrent 
PopuZation Reports, Series P-60, No. 114, Washington, D.C., 
1978, p. 44 and p. 57; Current PopuZation Reports, Series P-60, 
No. 116, Washington, D.C., 1978, p. 2. 
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Fig. 6.5. Median Family Income in Current and 
1975 Constant Dollars, 1950-1977. 
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National Economy 
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TRANSPORTATION EXPENDITURES HAVE INCREASED 42% SINCE 1970, WHEREAS TOTAL PERSONAL C~SUMPTION 
EXPENDITURES ONLY INCREASED ABOUT 26% OVER THE SAME PERIOD, 

Table 6.8 
Gross National Product by Major Component, 

(10 6 1975 constant dollarsa) 

Gross national product (GNP) 
(%) 

Personal consumption expenditures (PCE) 
(% of GNP) 

Transportation 
(% of PCE) 

Gross private domestic investment 
(% of GNP) 

Net exports of goods and services 
(% of GNP) 

Governmentb purchases of goods and services 
(% of GNP) 

aDeflated by the implicit GNP price deflator. 

bFederal, state, and local. 

1950 

678,293 
(100.0) 
455,004 

(67 .1) 
60,239 
(13.2) 

127,554 
(18. 8) 
4,499 
(0.7) 

91,237 
(13.4) 

1960 1970 1974 

936,823 1,367,319 1,548,372 
(100.0) (100. 0) (100. 0) 
601,561 861,233 974,907 

(64. 2) (63. 0) (63. 0) 
78,487 108,604 126,126 
(13.0) (12.6) (12. 9) 

141,537 195,983 235,166 
(15.1) (14. 3) (15. 2) 
8,095 5,492 6,619 
(0.9) (0.4) (0.4) 

185,630 304,611 331,679 
(19.8) (22. 3) (21.4) 

1950-1977 

1975 1976 1977 

1,528,833 1,616,087 1,694;511 
(100. O) (100. 0) (100. 0) 
979,070 1,036,354 1,083,332 

(64. 0) (64 .1) (63.9) 
125,493 142,970 154,534 

(12.8) (13. 7) ( 14. 0) 
190,919 230,971 267,431 

(12.5) (14.3) (15.8) 
20,403 7,076 -10,005 

(1. 3) (0.4) (-0.6) 
338,441 341,686 353,753 

(22.1) (21.1) (20. 9) 

% increase 
since 1970 

23.9 

25.8 

42.3 

36.4 

-282.2 

16.1 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, The National Inaome and Produat Aaaounts of the United States, 1929-
1974, Statistiaal Tables, Washington, D.C., 1976, pp. 2-3; Survey of Cuz,rent Business, 58, No. 7, Washington, D.C., July 1978, 
p. 18. 
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Fig. 6.6. Gross National Product by Major Component 
(constant 1975 dollars) 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, 
The National Inaome and Product Aaaounts of the United States, 
1929-1974, Statistical Tables, Washington, D.C., 1976, pp. 2-3; 
Suroey of Current Business, 58, No. 7, Washington, D.C., 
July 1978, p. 26. 
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Table 6.9 
Personal Consumption Expenditures by Type of Product, 1950-1977 

(106 1975 constant dollarsa) 

1950 1960 1970 1974 1975 1976 1977 

Total 427,161 572,819 845,581 961,941 979,070 1,035,369 1,083,916 
Food and tobacco 129,328 155,111 201,066 220,221 224,319 229,802 235,166 
Clothing, accessories and jewelry 52,757 56,804 76,003 82,543 81,971 84,215 85,851 Personal care 5,425 9,242 14,922 14,556 14,228 14,401 15,035 
Housing 48,311 84,832 128,431 147,612 150,151 157,982 165,836 
Household operation 64,722 81,322 119,968 141,237 142,265 150,686 158,906 
Medical care expenses 20,258 35,264 68,124 83,151 89,155 99,131 105,990 Personal business 14,588 25,093 42,820 49,174 51,558 53,036 54,307 Transportation 56,553 74,737 106,630 124,448 125,493 142,834 154,617 
(% of total) (13. 2) (13. 0) (12. 6) (12.9) (12.8) (13.8) (14.3) Recreation 24,804 31,479 56,025 65,843 66,527 69,361 72,949 Private education and research 3,749 6,604 13,493 14,877 15,459 16,198 16,890 Religious and welfare activities 5,207 8,590 11,668 12,567 12,979 13,474 13,821 Foreign travel and other, net 1,457 3,739 6,429 5,712 4,965 4,250 4,548 

aDeflated by the implicit price deflator for personal consumption expenditures. 

1977 % increase 
% since 1970 

100.0 28.2 
21. 7 17.0 
7.9 13.0 
1.4 0.8 

15.3 29.1 
14.7 32.4 
9.8 55.6 
5.0 26.8 

14.3 45.0 

6.7 30.2 
1.6 25.2 
1. 3 18.4 
0.4 -29.2 

Source: U.S. Department of Commerce, Bureau of Statistical Analysis, The National Income and Product Accounts of the United 
States, 1929-1974, Statistical Tables, Washington, D.C., 1976, pp 88-91; Survey of Cu?'rent Business, 58, No. 7, 
Washington, D.C., JulY, 1978, p. 37. 
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TRANSPORTATION EXPENDITURES AS A PERCENT OF TOTAL PERSONAL CONSLMPTION 
EXPENDITURES REGISTERED AN ALL-TIME HIGH AT 14,3% IN 1977, 
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Fig. 6.7. Personal Consumption Expenditures by Type 
of Product, 1950-1977. 

Source: U.S. Department of Commerce, Bureau of Statistical Analysis, 
The National Income and Product Accounts of the United States, 
1929-19?4, Statistical Tables, Washington, D.C., 1976, 
pp. 88-91; Survey of Current Business, 58, No. 7, Washington, 
D.C., July 1978, p. 37. 
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ExPENDllURES FOR USER-OPERATED TRANSPORTATION ACCOUNTED FOR MORE TiiAN 94% OF TOTAL TRANSPORTATION 
EXPENDilURES IN 1977, AIRLINES CONTINUED TO GAIN IN POPULARilY ~ILE RAILWAY AND INTERCllY BUS 
CONTINUED TO EXPERIENCE A DECREASE IN THEIR GROSS INCOME, 

Table 6.10 
Personal Consumption Expenditures within the Transgortation Sector, 1950-1977 

(106 1975 constant dollars) 

1950 1960 1970 1974 1975 1976 1977 1977 
% 

Transportation total 56,553 74,737 106,630 124,448 125,493 142,834 154,617 100.0 
User-operated transportation 

Total 50,309 68,861 99,075 116,490 117,860 134,681 146,125 94.5 
New cars and net purchases of used cars 27,087 30,310 41,464 44,415 45,904 58,421 64,681 41.8 
Tires, tubes, accessories, and parts 3,438 4,381 6,268 7,473 7,490 7,797 8,530 5.5 
Maintenance 5,583 8,930 15,370 19,042 20,388 21,960 23,252 15.0 
Gasoline and oil 12,287 21,116 30,059 39,393 39,509 40,670 41,736 27.0 
Tolls 216 546 879 826 798 799 780 0.5 
Insurance 1,698 3,577 5,036 5,341 3,771 5, .035 7,136 4.6 

Purchased local transportation 
Total 4,304 3,572 3,445 3,036 2,999 3,116 3,142 2.0 
Street, electric, railway, and local bus 3,044 2,283 2,149 1,874 1,787 1,847 1,860 1.2 
Taxicab 1,084 1,074 1,060 946 1,006 1,056 1,074 0.7 
Railway (commutation) 176 215 235 216 206 213 207 0.1 

Purchased intercity transportation 
Total 1,940 2,304 4,110 4,922 4,634 5,037 5,350 3.5 
Railway (noncommutation) 877 539 253 280 254 267 262 0.2 
Intercity bus 688 511 678 667 605 577 575 0.4 
Airline 314 1,192 2,960 3,767 3,595 3,994 4,294 2.8 
Other 62 62 220 208 180 198 218 0.1 

aDeflated by the implicit price deflator for personal consumption expenditures. 

% increase 
since 1970 

45.0 

47.5 
56.0 
36. I 
51.3 
38.8 

-11.3 
41. 7 

- 8.8 
-13.4 

1.3 
-11.9 

30.2 
3.6 

-15.2 
45.1 

- 0.9 

Source: U.S. Department of Commerce, Bureau of Statistical Analysis, The National Income and Product Accounts of the United 
States, 1929-1974, Statistical Tables, Washington, D.C., 1976, pp. 90-1; Survey of Current Business, 58, No. 7, 
Washington, D.C., July 1978, p. 37. 
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IN THE TABLE BELOW, A NEGATIVE SIGN DENOTES AN EXCESS OF IMPORTS OVER EXPORTS IN THE U.S. BALANCE OF 
PAYMENTS, SERVICES RENDERED WAS THE ONLY AREA WHERE THE BALANCE OF PAYMENTS WAS POSITIVE, f-bwEvER, 
THIS WAS NOT ENOUGH TO OFFSET THE HUGE DEBTS FRo-1 PETROLELt-1 AND OTHER IMPORTS OF MERCHANDISE, 

Table 6.11 
U.S. Balance of Payments 

(106 constant 1975 dollarsa) 

1970 1971 1972 1973 1974 1975 1976 1977 
~. increase 
since 1970 

Goods and services 8,070 3,244 -2,450 13,154 9,402 22,591 9,540 -7,779 -196.4 

Merchandiseb,a (trade balance) 3,622 -2,992 -8,160 1,054 -5;900 8,990 -8,875 -28,031 -873.9 

Agriculture products 2,060 2,558 3,680 11,043 12,733 12,396 11,235 9,098 341.6 
Food and live animals -1,418 -1,539 -901 4,706 5,041 9,918 5,173 1,417 100.0 
Crude material (excluding fuels) 1,806 1,254 1,488 4,045 5,335 4,218 3,685 4,125 128.4 
Mineral fuels -2,060 -2,937 --4,128 -7,816 -24, 120 -22,006 -28,302 -36,234 -1658. 9 

Petroleum -3,168 -3,766 --4,903 -8,528 -25, 729 -23,906 -29,278 -36,141 -1040.8 
Chemicals 3,307 2,945 2,693 3,949 5,261 4,995 4,931 5,255 58.9 
Manufactured goods --4,694 -<>,797 -8,287 -7,309 -7, 181 -3,783 -<>,099 -9,436 -100.9 
Machinery 8,476 7,406 6,928 8,611 13,234 16,570 15,311 13,337 57.4 
Transport equipment 863 -9 -1,699 --449 2,246 5,453 3,394 620 -28.2 

Motor vehicle and ports -2,113 -3,468 --4,001 -3,872 -2,615 161 -2,044 -3,633 -71.9 

Services a 4,448 6,236 5,708 12,098 15,302 13,600 18,414 20,252 355.3 

Transportation and travel -2,816 -3,067 -3,849 -3,685 -3,404 -2,563 -2,041 -2,782 I. 2 

Unrequited transfers --4,790 -5,106 -5, 146 --4,923 -8, 138 --4 ,871 -5,088 --4,675 2.4 

Private -1,526 -1,479 -1,403 -1,498 -1,115 -904 -900 -930 39.0 
Government -3,266 -3,627 -3,743 -3,425 -7,024 -3,966 --4,188 -3,746 -14.7 

Long-term capital movement -8,833 -12,011 -7, 161 -8, 107 -7,378 -18,951 -14,610 -11, 216 -27.0 

Short-term capital movement -9,350 -26,480 664 -7,060 -3,553 -3,351 208 -7,911 15.4 

Total -14, 902 --40,353 -14,092 -{,,936 -9,668 --4,582 -9,951 -31,582 -111.9 

aDeflated by the implicit GNP price deflator. 

bOnly selected subcategories are listed. 

0 subcategories' data are from Survey of Current Business. 

Source: International Monetary Fund, Balanae of Payment Yea:I'book, Vol. 29, May 1978, p. 23; U.S. Department of Commerce, 
Bureau of the Census, Survey of Cur~ent Business, annual data. 
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Fig. 6.8. U.S. Balance of Payments. 
(constant 1975 dollars) 

1976 197'7 

Source: International Monetary Fund, Balance of Payment Yearbook, 
Vol. 29, May 1978, p. 23; U.S. Department of Commerce, Bureau 
of the Census, SUPVey of Current Business, annual data. 
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THE RATIO OF VALUE OF IMPORTED PETROLEUM TO TOTAL BALANCE OF PAYMENTS 
DEFICIT INCREASED TO THE HIGHEST POINT IN 1975 THEN DECLINED TO 
APPROXIMATELY 1.3 IN 1977, 
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Fig. 6.9. Ratio of Value of Imported Petroleum to Total 
Balance of Payments Deficit, 1970-1977. 

Source: International Moentary Fund, Balance of Payment YeaPbook, Vol. 29, 
May 1978, p. 23; U.S. Department of Conunerce, Bureau of the 
Census, SUT'Vey of Cu.T'Pent Business, annual data. 
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Table 6.12 
General Income Indicators 

($10°) 

Item 1950 1960 1965 1970 1974 1975 1976 1977 % increase 
since 1970 

Current dollars 
Gross national product 286,172 505,978 688,110 982,419 1,412,889 1,528,833 1,700,124 1,887,177 92.l 
Net national product 262,319 458,266 630,627 891,592 1,275,238 1,366,879 1,522,323 1,691,986 89.8 
National income 236,203 412,008 565,959 798,374 1,135,959 1,215,002 1,359,183 1,515,301 89.8 
Personal income 226,102 399,724 537,031 801,271 1,154,936 1,255,486 1,380,854 1,528,990 90.8 
Disposable personal income 205,511 349,370 472,157 685,935 984,627 1,086,658 1,184,365 1,302,995 90.0 

1975 constant dollars a 

Gross national product 678,293 936,823 1,177,263 1,367,319 1,548,372 1,528,833 1,616,087 1,694,511 23.9 
Net national product 621,756 848,484 1,078,917 1,240,907 1,397,521 1,366,879 1,447,075 1,519,248 22.4 
National income 559,855 762,836 968,279 1,111,168 1,244,886 1,215,002 1,291,999 1,360,601 22.4 
Personal income 535,914 740,092 918,787 1,115,200 1,265,683 1,255,486 1,312,599 1,372,892 23.1 
Disposable personal income 487,108 646,862 807,796 954,676 1,079,043 1,086,658 1,125,822 1,169,969 22.6 

aDeflated by the implicit GNP price deflator. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, The Nationat Inaome and Pr>oduat Aaaounts of the United States, 
1929-1974, Statistiaai Tabtes, Washington, D.C., 1976, pp. 22-3 and pp. 66-7; Survey of Current Business, 58, No. 7, 
Washington, D.C., July 1978, p. 29 and p. 35. 
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THE TOTAL NATIONAL INCCM: HAS INCREASED 24% SINCE 1970, THE CQVMUNICATION., ELECTRIC AND UfIUTY., AND 
SERVICE INDUSTRIES HAD A HIGHER TOTAL GROOH (AROlW 30%), THE CONSTRUCTION., AGRICULTrnE., AND 
GOVERf'M:NT SECTORS ALL HAD LESS lHAN 20% GROOH IN THIS PERIOD, THEREFORE., THEIR RELATIVE SHARE OF 
TOT AL I NC0'1E DECREASED SU GHTLY, 

Total national income 
Agriculture 
Mining 
Construction a 
Manufacturing 

Petroleum and coal products 
Transportation equipment and ordnance 
Motor vehicle and equipment 

Transportation 
(percent of national income) 

Railroad 
Local and interurban passenger transit 
Trucking and warehousing 
Water 
Air 
Pipeline 
Transportation services 

Communication 
Electric, gas, and utility 
Wholesale and retail 
Finance, insurance, and real estate 
Services 
Government 

aWithout capital consumption adjustment. 

bDeflated by the implicit GNP price deflator. 

aOnly select subcategories are listed. 

Table 6.13 
National Income by Industrya, 1950-1977 

(106 1975 constant dollarsb) 

1950 1960 1970 1974 1975 

572,394 769,289 1,113,165 1,248,253 1,234,054 
43,352 32,342 34,036 46,245 42,827 
12,465 10,392 10,870 17,029 18,149 
28,376 38,830 60,990 68,200 61,795 

180,839 232,268 299,774 326,392 312,467 
8,161 8,139 9,230 15,317 12,893 
5,366 15,304 20,153 15,413 15,715 

15,610 15,551 16,821 19,410 19,045 
31,714 33,588 42,182 48,491 44,455 

(5 .5) (4 .4) (3. 8) (3.9) (3. 6) 
16,765 12,424 10,594 11,111 9,987 
3,333 2,998 3,212 3,028 2,933 
6,729 10,898 16,465 20,484 18,395 
2,429 3,027 3,484 3,622 3,323 
1,123 2,536 6,065 7,577 7,062 

614 648 735 702 820 
720 1,057 1,627 1,966 1,935 

7,933 15,234 24,495 26,867 27,066 
9,272 16,521 20,688 20,210 24 , 302 

97,061 119,861 170,095 191,751 194,227 
54 , 067 89,998 128,914 140,722 140,375 
51,439 82,666 143,777 164,629 168,516 
55,876 97,587 177,343 197,715 199,875 

1976 1977 1977 % increase 
% since 1970 

1,311,191 1,380,535 100.0 24.0 
38,516 40,041 2.9 17.6 
19,265 20,813 1.5 91.S 
64,354 69,347 s.o 13.7 

344,985 367,132 26.6 22 . S 
16,485 17,405 1. 3 88.6 
16,004 17,095 1. 2 -15.2 
26,999 31,225 2 . 3 85 . 6 
49,018 52,422 3.8 24.3 

(3. 7) (3.8) 
11,227 11,277 0 .8 6.4 
3,071 3,116 0.2 -3.0 

19,921 21,666 1. 6 31.6 
3,473 3,729 0.3 7.0 
8,169 9,074 0.6 49.6 

952 1,119 0.1 52.2 
2,203 2,442 0.2 50.1 

29,877 31,386 2.3 28.1 
25,886 26,524 1.9 28.2 

204,648 212,784 15 . 4 25.l 
150,060 159,746 11.6 23.9 
179,533 191,370 13.9 33.1 
205,048 208,969 15.1 17.8 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, The National Inaome and Produat Aaaounts of the United States, 1929-1974, StatistiaaZ TahZes, Washington, D.C., 1976, pp. 188-89; SUI'Vey of Current Business, SB, No. 7, Washington, D.C., July 1978, p. 53. 
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THE PERCENT INCREASE IN WAGES AND SAL.ARIES FOR lHE lRANSPORTATION INIXJSTRY SINCE 1970 HAS ONLY BEEN 
ABOUT 7'if!o lHAT OF ALL INDUSTRIES, WAGES AND SAL.ARIES DERIVED FRQ\1 RAIL, URBAN lRANSIT, AND Mi\RINE 
ACTIVITIES HAVE DECREASED SINCE 1970 WHILE TRUCKING, AIR, PIPELINE, AND lRANSPORTATIOO SERVICE HAVE 
INCREASED, 

Table 6.14 
Wages and Salaries by Industry, 195~1977 

(106 1975 constant dollarsa) 

1950 1960 1970 1974 1975 1976 1977 1977 % increase 
% since 1970 

Wages and salaries 348,485 503 , 484 760,547 837,319 805 , 872 846,086 883,220 100.0 16 .1 
Agriculture 7,483 6,480 7,403 8,466 8,110 8,787 8,898 1.0 20.2 
Mining 7,585 7,323 8,071 9,673 10 , 823 11,597 12,620 1.4 56.4 
Contract consfruction 18,865 29,115 46,153 51,181 44,998 46,072 47,940 5 . 4 3.9 
Manufacturing 119,194 166,027 220,143 231,658 211 , 045 225,807 239,128 27.1 8.6 

Petroleum and coal products 2,278 2,707 2,804 2,986 3,103 3,327 3,483 0 . 4 24. 2 
Transportation equijllllent and ordance 4,307 13,253 17,293 13,590 13,016 13,103 13,557 1.5 -21.6 
Motor vehicles and motor equipment 7,634 8,758 11,31 2 13,723 11,841 14,431 16,721 1.9 47 .8 

Transportation 23,342 26,991 33,890 36,934 34,085 36,146 38,127 4.3 12. 5 
(% of total) (6 . 7) (5.4) (4 . 4) (4.4) (4. 2) ( 4. 3) (4. 3) 

Railroad 12,273 10,181 8,725 8,959 8,035 8,531 8,702 1.0 - 0 . 3 
Local and interurban passenger transit 2,747 2,394 2,516 2,325 2,269 2,320 2,308 0 . 3 - 8.3 
Trucking and warehousing 4,702 8,439 12,576 15,196 13,560 14,551 15,671 1.8 24.6 
Water 1,972 2, 550 2,934 2,710 2, 593 2,699 2,865 0.3 - 2.4 
Air 830 2,348 5,608 6,005 5,894 6,174 6,589 0.7 17.5 
Pipeline 277 296 255 255 285 305 314 23.l 
Transportation services 519 783 1,276 1,483 1,449 1,566 1,677 0.2 31.4 

Communication 5,404 8,263 12,984 15,362 15,250 16,112 16,854 1.9 29.8 
Electric, gas, and utility 4,594 6,828 9,304 10,284 10,106 10,615 11,034 1. 2 18.6 
Wholesale and retail 61,100 84,266 124,909 139,443 135,876 142,865 148,692 16.8 19.0 
Finance,binsurance, and real estate 13,816 23,242 38,139 42,957 42,403 44,218 46,336 5.2 21.5 
Services 33,309 54,210 98,040 115,992 117,678 125,512 133,342 15 . l 36.0 

Auto repair, services, and garage 1,223 1,868 3,230 3,722 3,641 3,945 4,226 0 . 5 30.8 
Government 53,610 91,002 161,408 175,318 175,441 178,354 180,285 20 . 4 11. 7 
Rest of the world 185 -263 102 so 57 -1 -36 -135.3 

aDeflated by the implicit GNP price deflator. 

bOnly select subcategories are listed. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, The National Income and Pr-oduct Accounts of the United States, 
1929-1974, Statistical Tables, Washington, D.C., 1976, pp. 200-1; Su:rvey of Current Business, 58, No. 7, Washington, D.C., 
July 1978, p. 54. 
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TOTAL EMPLOYMENT IN lliE TRANSPORTATION INDUSTRY HAS INCREASED SLIGHTLY (2.6%) SINCE 1970, THE HIGH 
DECREASES IN RAIL (-15,6%) AND WATER (-10,]Jo) EMPLOYMENT WERE OFFSET SQ\1EWHAT BY A 35% INCREASE IN 
Et'PLOYflfNT IN TRANSPORTATIOO SERVICES, EivPLOYEES INVOLVED DIRECTLY IN TRANSPORTATION CQYPRISE ABOUT 
3% OF TOTAL U,S, EMPLOWENT, 

Table 6.15 
Employment by Industry, 1950-1977 

(103) 

1950 1960 1970 1974 1975 1976 1977 1977 % increase 
% since 1970 

Full and part-time employees a 52,432 62,743 79,306 85,692 84,123 86,502 89,607 100.0 13.0 
Agriculture 2 ,4-95 2,088 1,492 1,607 1,615 1,786 1,729 1.9 15.9 
Mining 925 698 627 696 748 778 829 0.9 32.2 
Contract con,ruction 2,388 2,889 3,557 4,048 3,573 3,615 3,866 4.3 8.7 
Manufacturin 15,232 16,755 19,410 20,069 18,320 19,029 19,724 22.0 1.6 

Petroleum and coal products 217 207 189 190 189 195 199 0.2 5.3 
Transportation equipment 487 1,078 1,251 962 914 910 931 1.0 -25.6 
Motor vehicles and equipment 801 717 813 910 786 877 951 1.1 17.0 

Transportation 2,784 2,562 2,696 2,780 2,623 2,670 2,767 3.1 2.6 
(% of total) (5. 3) ( 4 .1) (3.4) (3. 2) (3.1) (3 .1) (3.1) 

Railroad 1,373 885 626 579 530 528 528 0.6 -15.6 
Local and interurban passenger transit 359 282 285 275 268 267 267 0.3 - 6.3 
Trucking and warehousing 626 866 1,080 1,202 1,112 1,148 1,213 1.4 12.3 
Water 239 233 218 204 194 193 196 0.2 -10.1 
Air 87 191 353 369 366 371 387 0.4 9.6 
Pipeline 27 23 17 16 17 18 18 5.9 
Transportation services 73 82 117 135 136 145 158 0.2 35.0 

Communications 727 839 1,123 1,194 1,177 1,168 1,189 1. 3 5.9 
Electric, gas, and utility 548 614 691 743 732 735 749 0.8 8.4 
Wholesale and retail 9,369 11,434 15,266 17,107 17,142 17,853 18,668 20.8 22.3 
Finance,binsurance, and real estate 1,931 2,705 3,713 4,228 4,249 4,338 4,518 5.0 21. 7 
Services 7,149 9,747 13,490 15,311 15,702 16,309 17,181 19.2 27.4 

Auto repair, services, and garage 206 268 386 442 441 470 504 0.6 30.6 
Government 8,884 12,412 17,241 17,909 18,242 18,221 18,387 20.5 6.6 

aEmployment in domestic industries only. 

bOnly select subcategories are listed. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis, The NationaZ Inaome and Produat Aaaounts of the lfnited 
States, 192~1974, StatistiaaZ Tables, Washington, D.C., 1976, pp. 204-5; Suwey of Current Business, 58, No. 7, 
Washington, D.C., July 1978, p. 54. 
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THE EMPLOYMENT FIGURES BELOW WERE CCNPILED BY THE TRANSPORTATION 
AssocIATION OF MRICA (TM). THEY INCLUDE BOTH EMPLOYEES DIRECTLY 
INVOLVED IN TRANSPORTATION AND EMPLOYEES INVOLVED IN RELATED AREAS 
SUCH AS TRANSPORTATION EQUIPMENT ~UFACTURING AND GOVERMNT 
BUREAUCRACIES, AccORDING TO THE TM FIGURES., U.S. EMPLOYMENT IN 
TRANSPORTATION AND RELATED INDUSTRIES IS ABOUT li% OF THE TOTAL 
CIVILIAN LABOR FORCE, 

Table 6.16 
U.S. Employment in Transportation and 

Related Industriesa 
(103 number of persons employed) 

1950 1960 1970 1975 1976 1977 % increase 
since 1970 

Transportation service 
Air 
Bus, intercity and rural 
Local transport 
Railroads 
Oil pipeline 
Taxi 
Trucking and trucking tenninals 
Water 

Transportation equipment manufacturing 
Aircraft and parts 
Motor vehicles and equipment 
Railroad equipment 
Ship and boat building and repair 
Other transportation equipment 

Transportation-related industries 
Automotive and accessory retail dealers 
Automotive wholesalers 
Automotive services and garages 
Gasoline service stations 
Highway and street construction 
Petroleum refining 
Other industries 

Truck drivers and deliverymen 
Shipping and receiving clerks 

Government transportation employeesb 
U.S. Department of Transportation 
Highway employees - state and local 
Post gffice 
Other 

Total transportation employment 
Total employed civilian labor force 
Percent transportation of total 

2,625 
86 
47 

157 
1,391 

29 
121 
557 
237 

1,379 
283 
926 

60 
85 
25 

3,215 
652 
176 
161 
343 
210 
282 

1,131 
260 
491 

18 
380 

75 
18 

7,710 
58,920 

13.1 

2,364 
191 

41 
101 
885 

23 
121 
770 
232 

1,692 
646 
829 

43 
141 

33 
3,989 

807 
215 
251 
453 
294 
311 

1,418 
240 
671 

38 
532 

83 
18 

8,716 
65,778 

13.3 

2,436 
351 
43 
77 

627 
18 

107 
998 
215 

1,915 
669 
914 

51 
170 
111 

4,693 
996 
320 
384 
614 
331 
333 

1,356 
359 
789 
66 

607 
104 

12 
9,833 

78,627 
12.5 

2,294 
362 

39 
69 

538 
17 
83 

996 
190 

1,767 
514 
892 

52 
194 
115 

4,880 
1,076 

367 
400 
616 
297 
380 

1,325 
419 
788 

75 
604 

98 
13 

9,729 
84,783 

11.5 

2,307 
370 

40 
69 

528 
17 
77 

1,009 
197 

1,830 
484 
948 

43 
214 
141 

5,016 
1,11'6 

380 
447 
627 
299 
397 

1,319 
431 
763 

74 
582 

94 
13 

9,916 
87,485 

11.3 

2,347 
380 

39 
68 

534 
17 
72 

1,038 
199 

1,921 
479 

1,013 
46 

226 
157 

1,152 
394 

624 
339 
427 

1,313 
443 

75 

91 
13 

90,546 

- 3.6 
8.3 

- 9.3 
-11. 7 
-14.8 
- 5.6 
-32.7 

4.0 
- 7.4 

0.3 
-28.4 
10.8 

- 9.8 
32.9 
41.4 

15.7 
23.1 

1.6 
2.4 

28.2 

- 3.2 
23.4 

13,6 

-12.5 
8.3 

15.2 

',-hese figures were derived by the research staff of the Transportation Association of America. For a 
discussion of the methodology used see the referenced document. 

bDOT was established in 1966; prior years' figures are for the Federal Aviation Administration only. 

alnclude ICC, CAB, Maritime Administration, Railroad Retirement Board, and Coast Guards. 

Source: Transportation Association of America, Transportation Faats and Trends, 12 ed., Washington, D.C., 
July 1976, p. 23; Transportation Faats and Trends, Quarterly Supplement, Washington, D.C., 
April 1977, p. 23; Transportation Faats and Trends, Quarterly supplement, Washington, D.C., 
April 1978, p. 23. 
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Table 6.17 
Employment and Establishments for Selected Motor­

Vehicle-Related Businesses, 1967 and 1972 

Kind of business 

Retail trade 

Automotive dealers 

Motor vehicle dealers 
new and used cars 

Motor vehicle dealers - used cars only 
Tire, battery, and accessory dealers 
Misc. automotive dealers 

Gasoline service stations 

Wholesale trade 

Motor vehicles and auto equipment 

Automobiles and other motor vehicles 
Automotive equipment 
Tires and tubes 

Services 

Auto repairs, services, and garages 

Automobile repair shops 
Automobile parking 
Car and truck rental and leasing 

other services 

Manufacturing 

Motor vehicles and equipment 

Motor vehicles 
Motor vehicle parts and accessories 
Truck and bus bodies 
Truck trailers 

Establish­
mentsa 
(1,000) 

Paid 
employeesb 

(1,000) 

1967 1972 1967 1972 

105.5 131.8 906.8 1,073.0 

62.0 
29.2 
14.3 

64.2 
37.5 
30.1 

696.3 
38.6 

129.6 
42.2 

213.1 226.5 575.2 

31.2 

4.8 
23.3 
3.1 

139.2 

109.9 
10.6 

18.7 

2.7 

0.2 
1. 7 
0.6 
0.2 

35.6 

5.6 
27.0 
3.0 

169.0 

127.2 
10.5 

31.3 

341.1 

91.9 
214.1 
35.1 

316.2 

187.9 
33.5 

95.0 

3.4 739.4 

0.2 321.2 
2.1 364.9 
0.8 30.4 
0.3 22.9 

765.6 
39.4 

167.7 
100.3 

747.7 

391.8 

102.3 
246.1 
43.4 

392.5 

237.9 
37.3 

117 .3 

806.6 

339.2 
399.9 
42.8 
24.7 

aAs of December 31, represents all establishments (except for wholesale 
trade and manufacturing which represent only establishments employing 
one or more workers at any time during the year). 

bWorkweek including March 12, except quarterly average for manufacturing. 

Source: U.S. Department of Commerce, Bureau of the Census, Census of 
Manufacturers: 1972, Series Mc 72(2), Washington, D.C., 1973. 
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A Sll+\c\RY OF ~UAL BUDGETS FOR A FOUR-PERSON FAMILY AT Tl-REE BUDGET LEVELS IN THE URBAN LJ,S, IN 
Pl.JMN 1977 AND Tl-£ PERCENT INCREASE IN THE BUDGETS SINCE 1976 ARE PRESENTED BELOW, DUE TO Tl-£ 

INCOME TAX POLICY CHANGE, PERSONAL INCQ\1E TAXES DECREASED APPROXIMATELY 13% FOR THE LOWER BUDGET AND 
INCREASED 5% AND 9% FOR TI-IE INTERMEDIATE AND HIGHER BUDGET RESPECTIVELY, 

Table 6.18 
Autumn 1977 Urban Family Budgets and Percent Change Since 1976a 

(in current dollars) 

Lower % increase Intermediate % increase Higher % increase 
budget 1976-1977 budget 1976-1977 budget 1976-1977 

Total budget 10,481 4.4 17,106 5.4 25,202 6.1 
Total family consumption 8,657 6 .1 13,039 5.4 17,948 5.3 

Food 3,190 6.2 4,098 6.2 5,159 6.2 
Housing 2,083 6.1 4,016 4.5 6,085 4.5 
Transportation 804 4.8 1,472 4.9 1,913 4.9 

(% of total) (9. 3) (11. 3) (10.6) 
Clothing 828 3.6 1,182 3.6 1,730 3.6 
Personal care 282 6.4 377 6.2 535 6.4 
Medical care 980 9.4 985 9.4 1,027 9.4 
Other family consumption 489 4.5 909 4.6 1,499 4.5 

Other items 472 4.7 763 4.4 1,288 4.4 
Taxes and deductions 1,352 - 5.4 3,303 5.4 5,965 8.9 

Social security and disability 632 4.6 961 7.0 985 8.1 
Personal income taxes 720 -12.7 2,342 4.7 4,980 9.1 

aThe budgets represent the costs of three hypothetical lists of goods and services that were specified 
in the mid-1960s and updated annually. These budgets are for a precisely defined urban family of four: 
a 38-year-old husband employed full time, his nonworking wife, a boy of 13, and a girl of 8. After 
about 15 years of married life, the family is settled in the community and the husband is an 
experienced worker. 

Source: U.S. Department of Labor, Bureau of Labor Statistics, Autwnn 1977 Urban FamiZy Budgets and 
Comp~ative Indexes for SeZected Urban Areas, USDL: 78-393, Washington, D.C., April 26, 1978. 
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THE Ir-PLICIT PRICE DEFLATOR OF TI-IE GNP REPRESENTS A GIVEN YEAR'S GNP AT 
CURRENT PRICES AS A RATIO TO THE SAME YEAR'S GNP VALUED AT THE PRICES OF 
A BASE YEAR (HERE CONSTANT 1975 PRICES), As SUCH, IT IS AN INDEX OF THE 
GENERAL PRICE LEVEL IN THE ECO~Y. THE INDEX OF PERSONAL CONSLMPTION 
EXPENDITURES IS THAT COM'ONENT OF THE 1'1'LICIT PRICE DEFLATOR WI-Ila-I f/EASURES 
TI-IE PRICE LEVEL CHANGES OF PERSONAL CONSl.ff>TION GOODS, IT DIFFERS FRQ\1 
THE C0NSU'ER PRICE INDEX IN THAT IT IS AN INDEX OF TI-IE PRICE LEVEL AFFECTING 
ALL CONSLM:RS WHILE TI-IE CPI IS INTENDED TO COVER ONLY URBAN WAGE EARNERS 
AND CLERICAL WORKERS, 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

Table 6.19 
Implicit Price Deflator (1975 = 100) 

GNP Personal consumption expenditures 

42.19 
45.04 
45.62 
46.31 
46.94 
47.96 
49.47 
51.14 
51.95 
53.10 
54.01 
54.49 
55.49 
56.30 
57.18 
58.45 
60.37 
62.15 
64.94 
68.20 
71.85 
75.52 
78.65 
83.21 
91.25 

100.00 
105.20 
111. 37 

44.94 
47.86 
48.97 
49.92 
50.32 
50.79 
51.82 
53.48 
54.67 
55.70 
56. 72 
57.36 
58.23 
59.10 
59.89 
61.00 
62.74 
64.32 
66.93 
70.02 
73.18 
76.42 
79.11 
83.46 
92.48 

100.00 
105.30 
111.31 

Source: U.S. Department of Conunerce, Bureau of Economic Analysis, The 
National Inaome and Pztoduat Aaaounts of the United States, 
1929-1974, Statistical Tables, Washington, D.C., 1976, pp. 264-
265; Siaovey of CJ,atrent Business, 57, No. 7, Washington, D.C., 
July 1977, p. 53; Siaovey of Current Business, 58, No. 7, 
Washington, D.C., July 1978, p. 61. 
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THE CclNSLMER PRICE INDEX (CPI) IS DESIGNED TO MEASURE CHANGES IN TIE PRICES OF 
GOODS AND SERVICES BOUGHT BY WAGE EARNERS AND CLERICAL WJRKERS IN URBAN 
AREAS, IT REPRESENTS TI-IE COST OF A TYPICAL CONSLMPTIOJ BUNDLE AT ClRRENT 
PRICES AS A RATIO TO ITS COST AT BASE YEAR (HERE CONSTANT 1975) PRICES, 
THE CPI IS TI-IUS A MEASURE OF TI-IE PURCHASING POIIER OF A "TYPICAL" COJSLMER'S 
DOLLAR, 0vER TI-IE PAST TEN YEARSJ TI-IE TRANSPORTATIOJ CQ\1PONENT HAS RISEN 
SLIGHTLY LESS TI-IAN TI-IE CPI AS A WI-OLE, Ha.iEVERJ TI-IE TRANSPORTATION 
CQ\1PONENT HAS INCREASE r-l)RE SINCE 1973, 

Table 6.20 
Consumer Price Indexes, 1950-1978 

(1975 = 100) 

All items Purchasing power Transportation New Used Gasoline of the dollars cars cars 

1950 44.7 2.23 45.3 65.4 
1951 48.3 2.07 48.1 68.5 
1952 49.3 2.03 51.3 74.4 
1953 49.7 2.01 52.8 75.1 60.9 
1954 49.9 2.00 52.0 73.9 51.8 
1955 49.8 2.01 51.4 71.2 49.0 
1956 50.5 1.98 52.4 73.3 47.2 
1957 52.3 1.91 55.3 77.1 52.9 
1958 53.7 1.86 57.2 79.5 54.8 
1959 54.2 1.84 59.5 83.0 61.1 
1960 55.0 1.81 59.5 81.9 57.1 54.2 
1961 55.6 1.80 60.2 81.9 59.4 
1962 56.2 1. 78 61.4 81.6 64.8 
1963 56.9 1. 76 61.8 81.1 65.6 
1964 57.6 1. 73 62.6 80.9 68.4 
1965 58.6 1. 70 63.7 79.1 67.9 55.6 
1966 60.3 1.66 64.6 77.7 66.3 
1967 62.0 1.61 66.4 78.4 68.3 
1968 64.6 1.55 68.5 80.6 NA 
1969 68.1 1.47 71.2 81.8 70.4 
1970 72.1 1.38 74.8 84.3 71.2 61.3 
1971 75.2 1.33 78.8 87.8 75.3 61.8 
1972 77.7 1.29 79.6 87.0 75.5 63.0 
1973 82.6 1.21 82.2 87.1 80.3 69.1 
1974 91.6 1.09 91.4 92.1 83.7 93.6 
1975 100.0 1.00 100.0 100.0 100.0 100.0 
1976 105.8 0.94 109.9 106.3 114. 7 104.2 
1977 112.6 0.89 117. 7 112.0 124.9 110.2 
1978, April 118.8 0.84 120.2 118.5 121.1 111.4 

Source: U.S. Bureau of Labor Statistics, monthly data in MonthZy LaboP ReVie,,J. 
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Conversion of Constant Dollar Values 

Many types of information in this Data Book are expressed in dollar 

values. For example, the price of a barrel of oil, the Gross National 

Product, the incomes earned by the households, and the price of a gallon 

of gasoline are all expressed in dollar values. Generally, constant 

dollars are used. That is, dollars of a fixed value for a specific year 

such as 1975 dollars. 

To convert current dollars to constant dollars, or to convert con­

stant dollars for one year to constant dollars for another year, requires 

conversion factors such as those in the two tables on this page. 

The first table shows conversion factors using the Gross National 

Product (GNP) inflation factors. These factors allow one ta convert the 

GNP value expressed in 1975 dollars to the 1977 dollars by multiplying 

times 1.110. 

The second table shows conversion factors for the Consumer Price 

Index (CPI) inflation factors. The base year (constant dollar year) for 

GNP estimates is 1972, and 1967 is the base year (constant dollar year) 

for CPI estimates. 

Note that the CPI values do not show changes as large as those for 

the GNP values, but the two indices do move together. 

Table A.1. GNP Inflation Index (base rear = 1972) 

To 

From 1958 1967 1972 1975 1977 

1958 1.000 0.837 0.661 0.520 0.468 
1967 1.195 1.000 0.790 0.621 0.559 
1972 1.513 1.266 1.000 0.786 0.708 
1975 1.912 1.610 1.272 1.000 0.901 
1977 2.122 1.787 1.413 1.110 1.000 

Table A. 2. CPI Inflation Index (base year = 1967) 

To 

From 1958 1967 1972 1975 1977 

1958 1.000 0.866 0.691 0.537 0.508 
1967 1.155 1.000 0.798 0.620 0.586 
1972 1.447 1.253 1.000 o. 777 0.735 
1975 1.861 1.612 1.287 1.000 0.945 
1977 1.969 1.705 1.361 1.058 1.000 
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Table A.3 
Nomenclature and Powers of Ten 

Value Prefix Symbol 

One million million millionth 10-18 atto a 
One thousand million millionth 10-15 femto f 
One million millionth 10-12 pico p 
One thousand millionth 10-9 nano n 
One millionth 10- 6 micro µ 
One thousandth 10-3 milli m 
One hundredth 10-2 centi C 

One tenth 10-l deci d 
UNITY 10° 
Ten 101 deca da 
One hundred 101 hecto h 
One thousand 103 kilo k 
One million 106 mega M 
One billiona 109 giga G 
One trilliona 1012 tera T 
One quadrilliona 1015 peta p 

One quintillion a 1018 exa E 

aCare should be exercised in the use of this nomen­
clature, especially in foreign correspondence, as it is 
either unknown or carries a different value in other 
countries. A "billion," for example signifies a value 
of 1012 in most other countries. 

Table A.4 
Standard Metric Units and Abbreviations 

Parameter 

Energy 
Specific energy 
Specific energy consumption 
Energy consumption 
Energy economy 
Power 
Specific power 
Power density 
Speed 
Acceleration 
Range (distance) 
Weight 
Torque 
Volume 
Mass; payload 
Length; width 
Brake specific fuel 

consumption 
Fuel economy (heat engine) 

Base unit name 

Megajoule 
Megajoule/kilogram 
Megajoule/kilogram•kilometer 
Megajoule/kilometer 
Kilometre/kilojoule 
Kilowatt 
Watt/kilogram 
Watt/metre 3 

Kilometer/hour 
Meter/second2 

kilometre 
Kilogram 
Newton•metre 
Metre 3 

Kilogram 
Metre 

Kilogram/megajoule 
Kilometer/litre 

Preferred unit 
and prefix 

MJ 
MJ/kg 
MJ/kg•km 
MJ/km 
km/KJ 
kw 
W/k~ 
W/m 
km/h 
m/s 2 

km 
kg 
N•m 
m3 

kg 
m 

kg/MJ 
km/1 
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Table A.5 
Energy Use and Production-Related Conversions 

Heat Values of Fuels 

Coal 
Anthracite 
Bituminous 
Lignite 
Bituminous and lignite 

Production av 
Consumption av 

Natural gas 
Wet 
Dry 
Liquid 

Crude petroleum 

Fuel oils 
Residual 
Distillate 

Automotive gasoline 

AVGAS 

Jet fuel (naphtha) 

Jet fuel (kerosene) 

Lubricants 

Waxes 

Asphalt and road oil 

Petroleum coke 

25.4 x 106 Btu/short ton= 29.7 MJ/kg 
26.2 x 106 Btu/short ton= 30.6 MJ/kg 
12.4 x 106 Btu/short ton= 14.5 MJ/kg 

23.5 x 106 Btu/short ton= 27.5 MJ/kg 
22.8 x 106 Btu/short ton= 26.7 MJ/kg 

1,095 Btu/ft 3 = 40.79 MJ/kg 
1,021 Btu/ft 3 = 38.04 MJ/kg 

95,800 Btu/gal= 3569 MJ/kg 

138,100 Btu/gal= 5145 MJ/kg 

149,700 Btu/gal= 41.73 MJ/liter 
138,700 Btu/gal= 38.66 MJ/liter 

125,000 Btu/gal= 34.84 MJ/liter 

124,000 Btu/gal= 34.56 MJ/liter 

127,500 Btu/gal= 35.54 MJ/liter 

135,000 Btu/gal= 37.63 MJ/liter 

144,400 Btu/gal= 40.25 MJ/liter 

131,800 Btu/gal= 36.74 MJ/liter 

158,000 Btu/gal= 44.04 MJ/liter 

143,400 Btu/gal= 39.97 MJ/liter 
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Table A.6 
Alternative Fuel Equivalents 

1 million bbl/day crude oil 0.3650 billion bbl/year crude oil 
5.800 trillion Btu/day 
2.117 quadrillion Btu/year 
246.1 thousand short tons coal/day 
90.09 million short tons coal/year 
5.681 billion ft 3 natural gas/day 
2.074 trillion ft 3 natural gas/year 
22.33 x 10 11 MJ/year 

1 billion bbl/year crude oil 2.740 million bbl/day crude oil 
15.89 trillion Btu/day 
5.800 quadrillion Btu/year 
676.2 thousand short tons coal/day 
246.8 million short ton coal/year 
15.56 billion ft 3/day natural gas/day 
5.68 trillion ft 3/year natural gas/day 
61.19 x 10 11 MJ/year 

1 trillion Btu/day 172.4 thousand bbl/day crude oil 
62.93 million bbl/year crude oil 
0.3650 quadrillion Btu/year 
42.55 thousand short tons coal/day 
15.53 million short tons coal/year 
979.4 thousand ft 3 natural gas/day 
357.5 billion ft 3 natural gas/year 
38.51 x 10 10 MJ/year 

1 quadrillion Btu/year 0.4724 million bbl/day crude oil 
172.4 million bbl/year crude oil 
2.740 trillion Btu/day 
116.6 thousand short tons coal/day 
42.55 million short tons coal/year 
2.683 billion ft 3 natural gas/day 
979.4 billion ft 3 natural gas/year 
10.55 x 1011 MJ/year 

1 million short tons coal/day 4.052 million bbl/day crude oil 
1.479 billion bbl/year crude oil 
23.50 trillion Btu/day 
8.578 quadrillion Btu/year 
365.0 million short tons coal/year 
23.02 billion ft 3 natural gas/day 
8.401 trillion ft 3 natural gas/year 
90.50 x 10 11 MJ/year 

1 billion short tons coal/year 11.10 million bbl/day crude oil 
4.052 billion bbl/year crude oil 
64.38 trillion Btu/day 
23.50 quadrillion Btu/year 
2.734 million short tons coal/day 
63.06 billion ft 3 natural gas/day 
23.02 trillion ft 3 natural gas/year 
24.79 x 1012 MJ/year 

1 billion ft 3 natural gas/day Q.1760 million bbl/day crude oil 
64.25 million bbl/year crude oil 
1.021 trillion Btu/day 
0.3727 quadrillion Btu/year 
43.45 thousand short tons coal/day 
15.86 million short tons coal/year 
365.0 billion ft 3 natural gas/year 
39.32 x 1010 MJ/year 

1 trillion ft 3 natural gas/year 0.4823 million bbl/day crude oil 
0.1760 billion bbl/year crude oil 
2.797 trillion Btu/day 

1 mega joule/year 

1.021 quadrillion Btu/year 
119.0 thousand short tons coal/day 
43.45 million short tons coal/year 
2.740 billion ft 3 natural eas/day 
10. 77 x 1011 MJ/year 

44.78 x 10-8 bbl/day crude oil 
16.34 x 10- 5 bbl/year crude oil 
2.597 Btu/day 

= .947.9 Btu/year 
11.05 x 10-B short tons coal/day 
4.034 x 10- 5 _short tons coal/year 
25.43 x 10- 4 ft 3 natural gas/day 
0.9285 ft 3 natural gas/year 
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Table A.7 
Energy Unit Conversions 

1 Btu= 778.2 ft-lb 1 kWhr = 3412 Btu 

= 107.6 kg-m = 2.655 X 106 ft-lb 

= 1055 J = 3.671 X 105 kg-m 

= 39.30 X 10- 5 hp-hr = 3.60 X 106 J 

= 39.85 x 10- 5 metric hp-hr = 1. 341 hp-hr 

= 29.31 x 10-5 kWhr = 1.360 metric hp-hr 

1 kg-m = 92.95 x 10-4 Btu 

= 7.233 ft-lb 

1 J = 94.78 x 10-5 Btu 

= 0. 7376 ft-lb 

1 

= 9.806 J 

= 36.53 x 10- 7 hp-hr 

= 37.04 x 10-7 metric hp-hr 

27.24 x 10-7 kWhr 

= 0.1020 kg-m 

= 37.25 x 10-8 hp-hr 

= 37.77 x 10- 8 metric hp-hr 

= 27.78 x 10-8 kWhr 

hp-hr= 2544 Btu 1 metric hp-hr= 2510 Btu 

1 

1 

= 1.98 X 106 ft-lb = 1.953 X 106 ft-lb 

= 2.738 x 106 kgm = 27.00 X 104 kg-m 

= 2.685 X 106 J = 2.648 X 106 J 

= 1.014 metric hp-hr = 0.9863 hp-hr 

= 0.7475 kWhr = 0.7355 kWhr 

Table A.8 
Distance and Velocity Conversions 

in. = 83.33 X 10- 3 ft 1 ft = 12.0 in. 

= 27.78 X 10- 3 yd = 0.333 yd 

= 15.78 X 10-6 mile = 189.4 X 10- 3 

= 25.40 X 10- 3 m = 0.3048 m 

= 0.2540 x 10-6 km : 0.3048 X 10-3 

mile= 63360 in. 1 km= 39370 in. 

= 5280 ft = 3281 ft 

= 1760 yd = 1093.6 yd 

= 1609 m = 0.6214 mile 

= 1.609 km = 1000 m 

1 ft/sec= 0.3048 m/sec = 0.6818 mph= 1.0972 km/hr 

1 m/sec = 3.2.81 ft/sec = 2.237 mph= 3.600 km/hr 

1 km/hr= 0.9114 ft/sec= 0.2778 m/sec = 0.6214 mph 

1 mph= 1.467 ft/sec= 0.4469 m/sec = 1.609 km/hr 

mile 

km 
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Table A. 9 
Force Conversions 

Horsepower Kilowatts Metric Ft-lb Kilocalories Btu 
horsepower per sec per sec per sec 

Horsepower 1 0.7457 1.014 550 0.1781 0.7068 

Kilowatts 1.341 1 1.360 102.0 737.6 o.9478 

Metric 
horsepower 0.9863 0.7355 1 542.5 0.1757 0.6971 

Ft-lb per sec 1.82 x 10- 3 1.356 >< 10- 3 1.84 x 10- 3 1 0.3238 x 10-3 1.285 x 10- 3 

Kilocalories 
per sec 5.615 4.187 5.692 3088 1 3.968 

Btu per sec 1.415 1.055 1.434 778.2 0.2520 1 

Table A.10 
Energy Intensity and Efficiency Conversions 

1000 Btu/mile = 621.5 Btu/km 1000 Btu/km = 1609 Btu/mile 
= 66.86 x 103 kg-m/km = 107.6 x 106 kg-m/km 
= 655.6 kJ/km = 1055 kJ/km 
= 1.53 km/MJ = 0.9479 km/MJ 
= 0. 2931 kWhr/mile = 0.4716 kWhr/mile 
= 0.1822 kWhr/km = 0.2931 kWhr/km 
= 125.0 mpga = 77.67 mpga 
= 1. 882 liter/100 km = 3. 028 liter/100 km 

10 mpg a 12,500 Btu/mile 10 liter/100 kma 5315 Btu/mile = = 
= 7767 Btu/km = 3302 Btu/km 
= 835.8 x 103 kg-m/km = 355.4 x 103 kg-m/km 
= 8195 kJ/km = 3484 kJ/km 
= 0.1220 km/MJ = 0.2870 km/MJ 
= 3.664 kWhr/mile = 1. 558 kWhr/mile 
= 2.277 kWhr/km = 0.9683 kWhr/km 
= 23.52 liter/100 kma = 23.52 mpga 

1000 kJ/km = 1525 Btu/mile 1 kWhr/mile = 3412 Btu/mile 
= 947.8 Btu/km = 2120 Btu/km 
= 102.0 x 103 kg-m/km = 228.1 x 103 kg-m/km 
= 1 km/MJ = 2237 kJ/km 
= 0. 4469 kWhr/mile = 0.4470 km/MJ 
= 0.2778 kWhr/km = 0.6214 kWhr/km 
= 81. 97 mpga = 36.64 mpga 
= 2.869 liter/100 kma = 6.419 liter/100 kma 

aAssuming automotive gasoline at 125,000 Btu/gal. 
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Table A.11 
Volumetric and Flow Rate Conversions 

The conversions for flow rates are identical to those for volumetric measures, 
provided the time units are identical. 

1 

1 U.S. gal = 231 in. 3 1 liter = 61. 02 in. 3 
= 0.1337 ft 3 = 3.531 X 10- 2 ft3 
= 3.785 liters = 0.2624 U.S. gal 
= 0.8321 Imperial gal = 0.2200 Imperial gal 
= 0.1781 bbl = 6.29 x 10- 3 bbl 
= 7.500 lb foreign crudea = 1.982 lb foreign crudea 
= 7.034 lb domestic crudea = 1.858 lb domestic crudea 

Imperial gal = 277.4 in. 3 1 bbl = 9702 in. 3 
= 0.1606 ft 3 = 5.615 ft 3 
= 4.545 liters = 158.97 liters 
= 1.201 U.S. gal = 42 U.S. gal 
= 0.2139 bbl = 34.97 Imperial gal 
= 9.007 lb foreign crudea = 315.0 lb foreign crudea 
= 8.4472 lb domestic crudea = 295.4 lb domestic crudea 

1 U.S. gal/hr= 3.209 ft 3/day = 1171 ft 3/year 
= 90.84 liter/day = 33157 liter/year 
= 19.97 Imperial gal/day = 7289 Imperial gal/year 
= 4.274 bbl/day = 1560 bbl/year 
= 216.2 lb foreign crude/daya = 78901 lb foreign crude/daya 

For Imperial gallons, multiply above values by 1.201 

1 liter/hr= 0.8474 ft 3/day 
= 6.298 U.S. gal/day 
= 5.28 Imperial gal/day 
= 0.1510 bbl/day 
= 47.57 lb foreign crude/daya 
= 44.59 lb domestic crude/daya 

1 bbl/hr= 137.8 ft 3/day 
= 1008 U.S. gal/day 
= 839.3 Imperial gal/day 
= 3815 liter/day 

= 309.3 ft 3/year 
= 2299 U.S. gal/year 
= 1927 Imperial gal/year 
= 55.10 bbl/year a 
= 17362 lb foreign crude/year a 
= 16276 lb domestic crude/year 

= 49187 ft 3/;ear 
= 3.679 x 10 U.S. gal/year 
= 3.063 x 105 Imperial gal/year 
= 1.393 x 106 liter/day 

foreign crudea 

= 7560 lb/day 
= 3.780 short tons/day 
= 3.375 long tons/day 

= 2.759 x 106 lb/year 
= 1380 short tons/year 
= 1232 long tons/year 

domestic crudea 

= 7090 lb/day 
= 3.545 short tons/day 
= 3.165 long tons/day 

= 2.588 x 106 lb/year 
= 1294 short tons/year 
= 1155 long tons/year 

aAssuming representative specific gravities of 25.6 for foreign crude oil and 
36.0 for domestic crude oil. 
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AIR CARRIER, DOMESTIC OPERATIONS: Operations within and between the SO 
states and the District of Columbia. Includes domestic operations 
of the certificated trunk carriers and Pan American's intra-national 
flights, the local service, helicopter, intra-Alaska, intra-Hawaii, 
domestic all-cargo and other carriers. It also includes transborder 
operations conducted on the domestic route segments of U.S. air 
carriers. 

AIR CARRIER, INTERNATIONAL OPERATIONS: Operations outside the territory 
of the United States; includes operations between the United States 
and foreign countries and between the United States and its terri­
tories and possessions. Includes both the combination passenger/ 
cargo and all-cargo carriers engaged in international and territorial 
operations. 

AIRCRAFT OPERATION: An aircraft arrival at, or departure from, an airport 
with FAA airport traffic control service. There are two types of 
operations - local and itinerant. 

1. Local operations are performed by aircraft which: 

(a) operate in the local traffic pattern or within sight of 
the tower; 

(b) are known to be departing for, or arriving from, flight in 
local practice areas located within a 20-mile radius of the 
control tower; 

(c) execute simulated instrument approaches or low passes at the 
airport. 

2. Itinerant operations: 

All aircraft arrivals and departures other than local operations. 

AIRCRAFT TYPE: A term used in grouping aircraft by basic configuration 
fixed-wing, rotorcraft, glider, dirigible, and ballon. 

AIR TAXI OPERATIONS: Air taxi operations and commuter air carrier 
operations (takeoffs and landings) carrying passengers, mail, or cargo 
for revenue in accordance with Federal Air Regulations (FAR) Part 135 
or Part 121. 

AIR TRAFFIC HUB: A city and/or Standard Metropolitan Statistical Area 
requiring aviation services; it is not an airport. Communities fall 
into four classes as determined by each community's percentage of 
the total enplaned passengers in scheduled service of the fixed-wing 
operations of the domestic certificated route air carriers in the 50 
states, the District of Columbia, and other U.S. areas designated by 
the Federal Aviation Administration. 

ALCOHOL FUELS: Alcohols such as methanol and ethanol that are capable of 
being blended with gasoline for use in automobile engines. 

G-3 
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ALL-CARGO CARRIER: One of a class of air carriers holding certificates of 
public convenience and necessity (issued by the Civil Aeronautics 
Board) authorizing the performance of scheduled air freight and 
express and mail transportation over specified routes as well as the 
conduct of nonscheduled operations, which may include passengers. 

ALTERNATE FUELS: Refers to those fuel forms other than petroleum which 
may be suitable for use by the transportation sector. 

AMTRAK (AMERICAN RAILROAD TRACKS): Operated by the National Railroad 
Passenger Corporation of Washington, D.C. This rail system was created 
by President Nixon in 1970 and was given the responsibility for the 
operation of intercity, as distinct from suburban, passenger trains 
between points designated by the Secretary of Transportation. 

ANNUAL-MILES PER AUTOMOBILE: According to the Federal Highway Administra­
tion: average miles traveled by all passenger automobiles in one year. 

API: American Petroleum Institute. 

ASPHALT: A petroleum product extracted as a refining residue or by 
solvent precipitation from residual fractions. Solid or semisolid 
at normal temperatures, asphalt liquefies when heated. It is a 
sticky adhesive and a highly waterproof, durable material in which 
the predominating constituents are bitumens. 

AVIATION GASOLINE (AVGAS): All special grades of gasoline for use in 
aviation reciprocating engines, as given in ASTM Specification 
D 910. Includes all refinery products within the gasoline range 
that are to be marketed straight or in blends as aviation gasoline 
without further processing (i.e., any refinery operation except 
mechanical blending). Also includes finished components in the 
gasoline range which will be used for blending or compounding into 
aviation gasoline. 

BARGES: Shallow, nonself-propelled vessels used to carry bulk commodities 
on the rivers and the Great Lakes. 

BICJ.1ASS (BIOSOLAR) CONVERSION: The production of fuel or energy from 
organic matter, whether it be plant material, animal manure, 
municipal sewage sludge, or solid waste. Conversion techniques 
can be grouped into two categories: thermal and biological 
systems. Thermal systems include direct or mass burning, pyrolysis, 
and hydrogenation. Biological systems use digestion by anaerobic 
bacteria to produce methane gas. 

BIOSOLAR CONVERSION: See BIOMASS CONVERSION. 

BONDED FUELS: Fuels produced outside the customs limits of the United 
States, held in bond under continuous U.S. customs custody in 
accordance with Treasury Department Regulations, and destined for 
use outside of the United States, its territories, or possessions. 
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BOWRIDER RUNABOUT: Any boat of the runabout type having a cockpit or 
seating inset in the forward deck, usually forward of the wind­
shield provided for the operator. This type includes some bass 
boats, console fishing boats, jersey speed skiffs, etc. 

BREEDER REACTOR: A reactor which produces fissionable fuel as well as 
consumes it and usually creates more than it consumes. The new 
fissionable material is created by capture in fertile materials of 
neutrons from fission. 

BTU - BRITISH THERMAL UNIT: The amount of heat required to raise the 
temperature of one pound of water one degree Fahrenheit. 

BUNKER C/NUMBER 6 FUEL OIL: A high viscosity oil used mostly by ships, 
industry, and large-scale heating installations. This heavy fuel 
requires preheating in the storage tank to permit pumping and 
additional preheating to permit atomizing at the burners. 

BUS (INCLUDING SCHOOL BUSES): A motor vehicle with a long body equipped 
with seats or benches for passengers, usually operating as part of 
a scheduled service line. 

BUSINESS CORPORATE FLEET: Business entities that are engaged in a 
commercial enterprise but find the need for transportation as an 
adjunct to their businesses. 

CABIN CRUISER: Typically a craft of more than 18 feet in length having an 
enclosed cabin or accommodation spaces providing for one or more of 
the following: berths, galley, toilet, salon. Usually powered by 
one or more outboard engines or inboard/outboard. May have any hull 
shape including catamarans. May have a steadying sail but not a sail 
for propulsion. Other names are express cruiser, day cruiser, motor 
yacht, sedan, and trawler yacht. 

CANOE: Small, lightweight craft which is relatively long and narrow, 
usually propelled by paddles, although may be fitted for sail or 
a motor. Typically 13 feet to 17 feet long with a maximum beam of 
less than 3 feet. Some versions are as long as 30 feet with the 
same proportions. Usually open but may be fitted with a light­
weight deck or spray covers. Bottom shape is usually symmetrical 
fore and aft with rounded sections. Other names are piroque, dug­
out, skinboat, Canadienne, and duckboat. Construction material is 
aluminum, plastic, fiberglass, wood, or wood and canvas. 

CAPTIVE IMPORTS: Those products produced overseas specifically for 
domestic manufacturers. 

CARBON DIOXIDE (CO2): A colorless, odorless, nonpoisonous gas that is 
a normal part of the ambient air; CO2 is a product of fossil fuel 
combustion. 
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CARBON MONOXIDE (CO): A colorless, odorless, highly toxic gas 
a normal byproduct of incomplete fossil fuel combustion. 
monoxide, one of the major air pollutants, can be harmful 
amounts if breathed over a certain period of time. 

that is 
Carbon 
in small 

CAR-MILE (RAILROAD): A single railroad car moved through one mile. 

CARGO TON-MILE: The transportation of one ton of freight a distance of 
one mile. 

CARGO VEHICLE: A truck which carries goods or merchandise (freight). 

CATALYSIS: A process in which the rate of chemical reaction is hastened 
or retarded by contact with an unrealted substance called the 
catalyst, which is a substance capable of changing the rate of a 
reaction without itself undergoing any net change. 

CATALYTIC CONVERTORS: All domestic cars, and most imports, manufactured 
in recent years are equipped with catalytic converters. These 
devices use the catalysts platinum and paladium to enhance the 
chemical control of hydrocarbon and carbon monoxide emissions and 
result in better-tuned engines that deliver higher performance and 
greater fuel economy. Nevertheless, some drawbacks to these 
systems do exist. Catalytic converters require the use of more­
expensive unleaded gasolines because lead (and antiknock additives) 
chemically poison the catalysts, which results in the release of 
dangerous pollutants until the converter is replaced. Such replace­
ment is expensive because of the relative unavailability of platinum 
and paladium. 

CEILING PRICE: The maximum permissible selling price, prior to 
February 1, 1976, for a particular grade of domestic crude oil in 
a particular field was the May 15, 1973, posted price plus $1.35 
per barrel. 

CERTIFICATED AIR CARRIER: One of a class of air carriers holding 
certificates of public convenience and necessity (issued by the 
Civil Aeronautics Board) authorizing the performance of scheduled 
air transportation over specified routes and a limited amount of 
nonscheduled operations. This general carrier grouping includes 
the all-purpose carriers (i.e., the so-called passenger/cargo 
carriers) and the all-cargo carriers and comrises all of the 
airlines certificated by the Board except the supplemental air 
carriers. Certificated route air carriers are often referred to 
as "scheduled airlines," although they also perform nonscheduled 
service. 

CHASSIS: The frame, wheels, and machinery of a motor vehicle on which 
the body is supported. 

CHASSIS WITHOUT CAB: A unit in which a body or other equipment is 
installed after the chassis is shipped from the assembly plant. 
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CIRCUITY FACTOR RATIO: The ratio of total distance traveled to the 
minimum intercity distance. 

CIVILIAN POPULATION: See Population, Civilian. 

CLASS A CARRIERS BY INLAND AND COASTAL WATERWAYS: A carrier with an 
average annual operating revenue that exceeds $500,000. 

CLASS B CARRIERS BY INLAND AND COASTAL WATERWAYS: A carrier with an 
average annual operating revenue greater than $100,000 but less 
than $500,000. 

CLASS I RAILROAD: A railroad with an annual operating revenue of greater 
than $10,000,000. These operating companies represent about 99% 
of the railroad industry in terms of traffic, operate 96% of rail 
mileage, and account for 94% of the workers employed by all railroad 
companies. 

CLASS II RAILROAD: A railroad with an annual operating revenue less 
than $10,000,000. 

COAL: A solid, brittle, more or less distinctly stratified combustible 
carbonaceous rock formed by partial to complete decomposition of 
vegetation. It varies in color from dark brown to black, is not 
fusible without decomposition, and is very insoluble. Coals can 
be ranked or divided into the following classes: (1) lignite, 
(2) sub-bitumonous, (3) bituminous, (4) semibituminous, 
(5) semianthracite, and (6) anthracite. 

COAL GASIFICATION: The conversion of coal to gas which is suitable for 
use as a fuel. The gas produced may be categorized as: 

HIGH-BTU GAS: Consists essentially of methane (CHu), has a heating 
value of approximately 1000 Btu/ft 3 , and is compatible with 
natural gas. It can be mixed with natural gas or substituted 
for it in pipeline systems that serve the residential sector 
and most of the industrial sector in the United States. 

MEDIUM-BTU GAS: Consists of a mixture of methane, carbon monoxide, 
hydrogen, and other ~ases. It has a heating value in the range 
of 300 to 700 Btu/ft . It is not suitable as a pipeline quality 
gas, but it is suitable as a fuel for most industrial consumers. 

LOW-BTU GAS: Consists of a mixture of carbon monoxide, hydrogen, 
and other ~ases and has a heating value in the range of 150 to 
300 Btu/ft . This fuel is being studied for use as an indus­
trial fuel or as a raw material for manufacturing ammonia, 
methanol, and other compounds. 

COAL LIQUIFICATION: The process of converting coal into a liquid fuel. 
There are several different processes used to obtain liquids 
from coal. Some processes burn coal, condense the resulting 
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gases, and add hydrogen to form a liquid; other processes chemically 
dissolve coal with hydrogen to form a liquid. 

COAL SLURRY: Finely crushed coal mixed with sufficient water to form 
a fluid. To use coal slurry pumped through a pipeline as fuel, 
expensive drying and dewatering pretreatment has been necessary. 

COAL TAR: A gummy, black substance produced as a byproduct when 
bituminous coal is distilled. 

COKE: The residue left by petroleum which has been distilled to dryness. 

COMBINATION TRUCKS: Consist of a power unit (a truck tractor) and one or 
two trailing units (a semi-trailer). The most frequently used 
combination is popularly referred to as a "tractor-semitrailer" or 
a "tractor trailer." 

COMMERCIAL BUS: Any bus used to carry passengers at rates specified in 
tariffs; charges may be computed per passenger (as in regular route 
service) or per vehicle (as in charter service). 

COMMERCIAL SECTOR: See RESIDENTIAL AND COMMERCIAL SECTOR. 

COMMUTATION: In reference to Class I rail, passenger traffic handled 
between designated points at less than the basic fare per trip. It 
does not include traffic moving on basic rates of round trip, half 
rates, clergy, charity, military, special excursions, and other 
special-rated traffic. 

COMPACT-SIZE CAR: An automobile industry designation usually consisting 
of cars with a wheelbase between 101 and 111 inches. After 1975 
these are included in the SMALL category. 

CONDENSATE: The liquid resulting when a vapor is subjected to cooling 
and/or pressure reduction, Also, liquid hydrocarbons condensed 
from gas and oil wells. 

CONSTANT DOLLARS: A series is said to be expressed in "constant dollars" 
when the effect of change in the purchasing power of the dollar has 
been removed. Usually the data are expressed in terms of dollars 
of some selected year or the average of some set of years. 

CONSUMER PRICE INDEX (CPI): An index issued by the U.S. Department of 
Labor, Bureau of Labor Satistics. The CPI is designed to measure 
changes in the prices of goods and services bought by wage earners 
and clerical workers in ·urban areas. It represents the cost of a 
typical consumption bundle at current prices as a ratio to its 
cost at a base year price. 

CONSUMPTION: A calculated demand for petroleum products obtained by 
adding domestic production and imports of crude petroleum and 
natural gas liquids and imports of petroleum products to the primary 
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stocks at the beginning of the period and then subtracting the 
exports and the primary stocks at the end of the period. 

CONVERSION EFFICIENCY FACTOR: The ratio of output energy to gross input 
energy. It is usually expressed in percent. 

CRUDE OIL: A mixture of hydrocarbons that exists in the liquid phase 
in natural underground reservoirs and remains liquid at atmospheric 
pressure after passing through surface separating facilities. 

CRUDE OIL IMPORTS: The volume of crude oil imported into the 50 States 
and the District of Columbia, including imports from U.S. 
territories, but excluding imports of crude oil into the Hawaiian 
Foreign Trade Zone. 

CRUDE OIL TRUNK LINES (PIPELINE SYSTEMS): One of three types of pipe­
line network that is used to transport crude oil to the refineries 
for processing. 

CRUDE RUNS: Amount of crude actually processed by the refiner for the 
production of petroleum products, as distinct from capacity. 

CRUDE SHALE OIL: The oil obtained as a distillate by the destructive 
distillation of oil shale. 

CURRENT DOLLARS: Dollars current at the time designated or at the 
time the transaction listed took place. In most contexts, the 
same meaning would be conveyed by the simple term "dollars." 

CURRENT POPULATION SURVEY (CPS): This is a monthly nationwide survey 
conducted by the Bureau of the Census. The primary purpose of the 
CPS is to obtain monthly labor force statistics for the U.S. 
Department of Labor. However, to obtain current demographic data 
between the decennial census of.population, the Census Bureau adds 
supplementary questions to the CPS in March each year. This yearly 
survey is the major source of demographic data issued in the Census' 
Current Population Reports series. 

CYCLE DUTY OR LOAD FACTOR (PIPELINE): The fraction of the time that the 
pumps are operated at rated horsepower capacity and/or the pipeline 
throughput is at peak design levels. 

DEISEL ENGINE: An internal combustion engine in which the fuel is 
sprayed directly into the combustion chamber and ignited by the 
high temperature to which the air in the combustion chamber has 
been heated during the compression process. There are approxi­
mately 400 different variations in size, number of cylinders, and 
power output of diesel engines. The engines are relatively costly, 
but they operate with high efficiency combined with a long life 
span that needs service infrequently. 
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DINGHY: Typically, a small boat used as a tender or auxiliary to a 
larger vessel. Most dinghys are 7 to 12 feet in length, beamy, 
and with a round bilge. They are usually fitted as rowing boats, 
but may also use a small outboard engine or sails. Materials are 
usually plywood, aluminum, or fiberglass, but occasionally they are 
made of plastic or wood and canvas. This boat type includes boats 
that are occasionally called prams. 

DISPOSABLE PERSONAL INCOME: Includes personal income less personal tax 
and nontax payments. 

DISTILLATE FUEL OIL: The lighter fuel oils distilled off during the 
refining process. Included are products known as ASTM grades Nos. 
1 and 2 heating oils, diesel fuels, and No. 4 fuel oil. The major 
uses of distillate fuel oils include heating, fuel for on- and off­
highway diesel engines, and railroad diesel fuel. 

DISTILLATE OIL: Fuel which may be used in diesel engines (i.e., water 
vessels, railroads, trucks, etc.). 

DOMESTIC FLEET: Comprised of the following motor vehicles: sedans of 
all types, station wagons, ambulances, buses, trucks, and truck 
tractors registered in the United States, its territories, and 
possessions. 

DOMESTIC FREIGHT: All commercial goods movement between points in the 
United States, Puerto Rico and the Virgin Islands, excluding traffic 
with the Panama Canal Zone. Cargo moved for the military in 
commercial vessels is reported as ordinary commercial cargo; 
military cargo moved in military vessels is omitted. 

ELECTRIC UTILITIES SECTOR: The sector made up of privately and publicly 
owned establishments which generate electricity primarily for resale. 

ELECTRIFIED ROADWAY (RAILROAD): Track along which a locomotive or rail 
motor car can receive electrical power generated at a remote 
location. 

EMISSION STANDARDS: Federally established standards under control of the 
U.S. Congress. The current national emission standards for new 
automobiles and light trucks are se~ at 1.5 g of hydrocarbon (HC) 
per mile, 1.5 g of carbon monoxide (CO) per mile, and 3.1 g of 
nitrogen oxide (NOx) per mile (effective September 1976). 

END-USER: Usually refers to any company, other than a wholesale purchaser­
consumer, that is an ultimate consumer of refined petroleum products, 
natural gas, or other energy product. 

ENERGY EFFICIENCY: In reference to transportation, the inverse of energy 
intensiveness: the ratio of outputs from a process to the energy 
inputs; for example, passenger-miles traveled (PMT) per gallon of 
fuel. 
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ENERGY EFFICIENCY, INDUSTRY: See Industry Energy Efficiency. 

ENERGY INTENSITY (PIPELINE): The energy intensity of oil transport via 
pipelines expressed as Btu/ton-mile. The fraction of through-put 
energy needed to pump a ton of oil a mile. 

ENERGY INTENSITY (RAILROADS): Energy consumed per unit of service 
provided. The operating energy intensity is determined from 
actual fuel use by the railroads and actual service provided and 
includes the effect of operating inefficiences. The calculated 
energy intensity is determined analytically using a model of the 
railroad system and often does not include system operating 
inefficiencies. 

ENERGY INTENSITY (WATER TRANSPORTATION): Fuel energy required per ton­
mile of freight carriage (Btu/ton). 

ENERGY INTENSIVENESS: In reference to transportation, the ratio of 
energy inputs to a process to the useful outputs from that process; 
for example, gallons of gasoline per passenger-mile or Btu per ton­
mile. 

ETHANOL: An alcohol produced by solar energy via the process of photo­
synthesis from plant material (biomass). Since biomass is a renew­
able energy source suitable for ethanol production by fermentation 
and distillation, this alcohol has a potential as an automotive 
fuel. However, the current cost of ethanol fuel is excessive and 
market prices of ethanol are about two times those of methanol. 
With crude oil prices continually rising, there is expected to be 
a possibility of making production cost-competitive by the use 
of new production technologies. 

ETHYLENE: Colorless olefinic gas (2H4) derived from the cracking of 
petroleum. 

FISCHER-TROPSH PROCESS: A coal gasification process wherein the carbon 
in coal is gasified with oxygen and/or steam to form a synthesis 
gas. In the presence of a catalyst, the synthesis gas mixture 
reacts to form a mixture of hydrocarbons. Depending on the relative 
concentrations of temperature, pressure, and reactant ratios, either 
liquid or gaseous products can be produced. 

FIXED-WING AIRCRAFT: Aircraft having nonrotating wings fixed to the 
airplane fuselage and outspread in flight. 

FLEET: A group of motor vehicles operating under unified control, as by 
a commercial or military organization. 

FLEET: In accepted industry nomenclature, it identifies an entity whose 
requirements extend to the purchase and/or lease of ten or more new 
cars each year. 
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FLEET (GOVERNMENT): See Government Fleet. 

FLEET SIZE (TRUCK): The fleet is an operational unit operated by a 
truck owner from a single "base of operation" and is necessarily 
smaller than the total fleet that an owner has if he operates 
from more than base. (The data shown in the fleet section of the 
tables are based on the number of trucks found in fleets of speci­
fied size and not the number of fleets.) 

FOSSIL FUELS: Any naturally occurring fuel of an organic nature such 
as coal, crude oil, or natural gas. 

GASOLINE: A refined petroleum product which, by its composition, is 
suitable for use as a fuel in internal combustion engines. 

GEOTHERMAL ENERGY: Heat from the earth's interior. It has high potential 
for electric power production, space heating, etc. Geothermal 
resources fall into three categories: steam, hot water, and hot 
rocks. 

GOVERNMENT FLEET: A group of motor vehicles operating under a unified 
control. Includes all federal (GSA), state, county, city, and 
metro area units of government including toll road operations. 

GREAT-CIRCLE PATH: The shortest distance between any two terrestrial 
points. 

GREAT LAKES - LAKEWISE (WATER TRANSPORTATION): Traffic between United 
States ports on the Great Lakes system. 

GROSS ENERGY: The total of inputs into the economy of the primary fuels 
(petroleum, natural gas, and coal, including imports) or their 
derivatives plus the generation of hydro and nuclear power converted 
to equivalent energy inputs. 

GROSS NATIONAL PRODUCT (GNP): Total value at market prices of all goods 
and services produced by the nation's economy. As calculated 
quarterly by the Department of Commerce, Gross National Product is 
the broadest available measure of the level of economic activity. 

GROSS VEHICLE WEIGHT (GVW): The weight of the empty vehicle plus the 
maximum anticipated load weight. 

HEAVY-HEAVY: In reference to truck size class, a gross vehicle weight 
of 26,001 pounds or more. 

HEAVY RAIL: Subway-type transit vehicle railway constructed on exclusive 
private right-of-way with high-level platform stations. 

HELICOPTER: A heavier-than-air aircraft that derives lift from one or 
more revolving "wings," or blades which are engine-driven about an 
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approximately vertical axis. A rotorcraft does not have conventional 
fixed wings; nor in any but some earlier models is it provided with a 
conventional propeller, forward thrust and lift being furnished by 
the rotor. The powered rotor blades also enable the machine to 
hover and to land and to take off vertically. 

HIGHWAY TRUST FUND: Established in 1956 by Congress to finance construc­
tion of the National System of Interstate and Defense Highways. 
Eighty-nine percent of the proposed 42,500-mile system is open to 
traffic, with work underway on an additional 11%. Completion is 
expected in the early 1980s. The Trust Fund has been expanded to 
support mass transit development in urban areas. Programs funded by 
the Trust Fund include: highway safety grants to the states and 
local governments for highway safety programs, including support of 
the federal highway safety program standards; highway safety research 
by the Department of Transportation; highway mass transit facilities 
such as reserved lanes, special roadways, shelters, loading platforms, 
and parking areas; research, development, and initial testing of 
advanced transportation systems and concept for all modes of urban 
transportation; and pilot programs designated to alleviate urban 
traffic congestion through improved highways and highway-related 
systems. 

HOUSEBOAT: A boat designed for use in sheltered water and having barge­
or pontoon-type displacement or semiplaning hulls. Characterized 
by a relatively low freeboard main hull in combination with a 
relatively high, flat-sided deck house. Usually has complete living 
accomodations on the inside of the deckhouse. May be powered by 
outboard, inboard/outboards, or inboard engines. Usually over 24 
feet in length. The hull construction may be aluminum, steel, 
fiberglass, or occasionally plywood. 

HOUSEHOLD: As defined by the Bureau of Census, a household consists of 
all persons who occupy a housing unit; it includes the related 
family members and all unrelated persons, if any, who share the 
housing unit. 

HOUSING UNITS: A house, an apartment, a group of rooms, or a single room 
occupied or intended for occupancy as separate living quarters. 
Separate living quarters are those in which the occupants do not 
live and eat with any other persons in the structure and which have 
either (1) direct access from the outside of the building or through 
a common hall which is used or intended to be used by the occupants 
of another unit or by the general public, or (2) complete kitchen 
facilities for the exclusive use of the occupants. The occupants 
may be a single family, one person living alone, two or more fami­
lies living together, or any other group of related or unrelated 
persons who share living arrangements. 
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HYDROCARBON (HC): A compound that contains only hydrogen and carbon. 
The simplest and lighest forms of hydrocarbon are gaseous. With 
greater molecular weights they are liquid, while the heaviest are 
solids. 

HYDROGENATION: The addition of hydrogen to an organic molecule to in­
crease the ratio of hydrogen to carbon as is necessary for the 
production of gaseous or liquid fuels. This process can be used 
for the production of oil or gas from coal, and has also been 
successfully tested in laboratory situations to make these fuels 
from organic waste. 

HYDROPOWER (HYDROELECTRIC): A type of generating station or power or 
energy output in which the prime mover is driven by water power. 

ICC-REGULATED CARRIER: A motor common carrier operating in interstate 
commerce under a grant of authority from the Interstate Commerce 
Commission and subject to its economic regualtion. 

ICC-REGULATED PIPELINE: A pipeline company operating in interstate 
commerce under a grant of authorization from the Interstate 
Commerce Commission (ICC) and subject to economic regulation by the 
Commission. Such a pipeline company is required to report relevant 
statistics to the ICC. Petroleum companies and pipelines are 
regulated, while only natural gas companies are regulated. 

IMPORTS: All imports of crude petroleum, natural gas liquids, and 
petroleum products from foreign countries and receipts from Guam, 
Puerto Rico, the Virgin Islands, and the Hawaiian Trade Zone. The 
commodities included are crude oil, unfinished oils, plant 
condensate, and refined petroleum products. 

INBOARD-DIESEL: A boat whose primary propulsion is supplied by a diesel 
engine located within, and permanently attached to, the hull. 

INBOARD-GASOLINE: A boat designed such that the primary propulsion is 
supplied by a gasoline engined located within, and permanently 
attached to, the hull. 

INBOARD-OUTBOARD: Also referred to as inboard/outdrive. It is regarded 
as inboard because the power unit is located inside the boat. 

INDEPENDENT REFINER: A refiner who, in the third quarter of 1973, obtained 
directly or indirectly more than 70% of his refinery input of domestic 
crude oil (or 70% of the refinery input of domestic and imported crud, 
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oil) from producers who do not control, are not controlled by, and 
are not under common control with, such a refiner. 

INDUSTRIAL SECTOR: Construction, manufacturing, agricultural, and mining 
establishments. 

INDUSTRY ENERGY EFFICIENCY: The development, design, construction, and 
operation of industrial processes and equipment to minimize the 
energy requirements of fabricating, forming, converting, or 
producing industrial or agricultural products. 

INFLATABLE BOAT: A boat which gets its shape and buoyancy from inflation 
of flexible rubber or plastic tubes. Usually in the shape of an 
elipse, but occasionally in the shape of a canoe or horseshoe. May 
be powered by paddles, oars, or outboard. May have a wood transom 
for mounting.outboard motor. 

INFLATABLE RAFT: A flat platform supported by inflated tubes or truck 
tire innertubes. Usually unpowered but may have a small portable 
outboard motor. 

INLAND AND COASTAL WATERWAYS, INLAND AND COASTAL CHANNELS: Includes 
the Atlantic Coast Waterways, the Atlantic Intracoastal Waterway, 
the New York State Barge Canal System, the Gulf Coast Waterways, 
the Gulf Intracoastal Waterway, the Mississippi River System 
(including the Illinois Waterway), Pacific Coast Waterways, the 
Great Lakes, and all other channels (waterways) of the United States, 
exclusive of Alaska, that are usable for commercial navigation. 

INLAND-INTERNAL (WATER TRANSPORTATION): Traffic between ports or landings 
wherein the entire movement takes place on inland waterways. Also 
termed internal are movements involving carriage on both inland 
waterways and the waters of the Great Lakes: inland movements 
that cross short stretches of open water that link inland systems. 

IN SITU: Refers to rock, fossil, or soil that is in its natural or 
original position from when it was formed or deposited. 

IN SITU COAL GASIFICATION: Coal gasified underground by pumping hot 
steam-oxygen mixtures through coal seams. 

INTERCITY BUS - CLASS I: An interstate motor carrier of passengers with 
an average annual gross revenue of at least $1,000,000. 

INTERCITY BUS - TOTAL: Includes Class I, II, and III interstate bus 
carriers, all of which report to the Interstate Commerce Commission, 
and intrastate carriers. 
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INTERMEDIATE-SIZE CAR: An automobile industry designation usually 
consisting of cars with a wheelbase between 112 and 118 inches. 

INTERNATIONAL (FOREIGN) FREIGHT: Movements between the United States 
and foreign countries and between Puerto Rico, the Virgin Islands-, 
and foreign countries. Trade between U.S. territories and 
possessions (i.e., Guam, Wake, American Samoa, etc.) and foreign 
countries is excluded. Traffic to or from the Panama Canal Zone 
is included. 

INTRACOASTAL-COASTWISE (WATER TRANSPORTATION): Domestic traffic 
receiving a carriage over the ocean or the Gulf of Mexico. 
Traffic between Great Lakes ports and seacoast ports, when having 
a carriage over the ocean, is also termed coastwise. 

INVENTORIES: The amounts of crude oil, unfinished oil, petroleum 
products, and natural gas liqu:iids held at refineries, at natural 
gas processing plants, in pipelines, at bulk terminals operated 
by refining and pipeline companies, and at independent bulk 
terminals. Crude oil held in storage on leases is also included; 
these stocks are known as primary stocks. Secondary stocks in 
those held by jobbers, dealers, service station operators, and 
consumers are excluded. Prior to 1975, stocks held at independent 
bulk terminals were classified as secondary stocks. 

JET ENGINE: An engine which converts fuel and air into a fast-moving 
stream of hot gasses which effect propulsion of the device of which 
the engine is a part. 

JET FUEL: Includes both naphtha-type and kerosene-type fuels meeting 
standards for use in aircraft turbine engines. Although most jet 
fuel is used in aircraft, some is used for other purposes such as 
for generating electricity in gas turbines. 

JOHNBOAT: A small rowboat adaptable for use with an outboard motor 
having square bow and stern. Usually with a flat bottom and hard 
chines. Usually a lightweight open boat with bench seats, but may 
have a very short forward deck. Most commonly constructed of 
aluminum, but may also be built of wood planks or fiberglass. 
(Sometimes spelled jonboat,) 

KAYAK: A very lightweight, double-ended boat with a watertight deck. 
Usually fitted for flanges in which spray skirts can be attached 
so that the boat can be rolled completely over without taking water. 
Propelled by double-bladed paddles. 

KEROGEN: A bituminous material occurring in oil shale that yields oil 
when heat~d. It is formed from algae and sea organisms or from 
waxy spores and pollen grain. 
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KEROSENE: A petroleum distillate in the 300 to 500 degrees Fahrenheit 
boiling range and generally having a flash point higher than 100 
degrees Fahrenheit by ASTM Method DS6, a gravity range from 40 to 
46 degrees API, and a burning point in the range of 150 to 175 
degrees Fahrenheit. It is a clean-burning product suitable for use 
as an illuminant when burned in wick lamps. Includes grades of 
kerosene called range oil having properties similar to No. 1 fuel 
oil, but with a gravity of about 43 degrees API and an end point 
of 625 degrees Fahrenheit. Used in space heaters, cooking stoves, 
and water heaters. 

KEROSENE-BASE JET FUEL: A quality kerosene product with an average 
gravity of 40.7 degrees API and 10 to 90% distillation temperatures 
of 217 and 261 degrees Centigrade. Used primarily as fuel for 
commercial turbojet and turboprop aircraft engines. It is a rela­
tively low freezing point distillate of the kerosene type. 

LARGE AIR TRAFFIC Hl.JB: A community enplaning 1% or more of the total 
enplaned passengers in all services and all operations for all 
communities within the SO States, the District of Columbia, and 
other U.S. areas designated by the Federal Aviation Administration. 
(Also see AIR TRAFFIC HUB). 

LESSEE: The company engaging the leasing company for services. 

LESSEE DEALER: An independent marketer who leases a gas station and land 
and has use of tanks, pumps, signs, etc. He typically has a supply 
agreement with a refiner or a distributor and purchases products 
at dealer tank wagon prices. As used herein, this marketing 
category is limited to those lessee dealers who are supplied 
directly by a refiner or any affiliated or subsidiary company of 
a refiner. 

LIGHT: In reference to truck size class, a gross vehicle weight of 
10,000 pounds or less. 

LIGHT-HEAVY: In reference to truck size class, a gross vehicle weight 
of 20,001 to 26,000 pounds. 

LINE MILEAGE: The aggregate length of roadway of all line-haul railroads. 
It does not include the mileage of yard tracks or sidings, nor does 
it reflect the fact that a mile of railroad may include two or more 
parallel tracks. Jointly used track is counted only once. 

LIQUID PETROLEUM GAS (LPG): Consists of propane and butane and is 
usually derived from natural gas. In locations where there is no 
natural gas and the gasoline consumption is low, naphtha is con­
verted to LPG by catalytic reforming. 

LOAD FACTOR: The ratio of actual load to full capacity. 
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LOCAL: In reference to area of operation of trucks, mostly in the local 
area, in or around the city and suburbs, or within a short distance 
of the farm, factory, mine, or place vehicle is stationed. 

LOCAL: In reference to water traffic, movements of freight within the 
confines of a port, whether the port has only one or several arms 
or channels, except by car-ferry and general ferry. 

LOCAL RURAL ROADS: Streets, other than principal arteries of travel, 
that are outside urban boundaries. 

LOCOMOTIVES: Self-propelled units of equipment designed solely for 
moving other equipment. 

LONG-RANGE: In reference to area of operation of trucks, mostly over­
the-road trips that usually are more than 200 miles one way to the 
most distant stop from the place vehicle is stationed. 

LUBRICANTS: All lubricants containing more than 50% by volume of 
refined petroleum distillates or specially treated petroleum 
residium. Includes lubrtcating greases, lube basestocks, and all 
grades of lubricating oils, from spindle oil to cylinder oil, and 
those used in greases. 

LURGI PROCESS: A coal gasification process which employs a bed of 
crushed coal traveling downward through the gasifier and operating 
at pressures up to 30 atmospheres. Steam and oxygen are admitted 
through a revolving steam-cooled grate which also removes the ash 
produced at the bottom of the gasifier. The coal is carbonized 
and dried by gases passing upward through the coalbed, resulting in 
the production of a hydrogen rich gas. 

MAIN RURAL ROADS: Streets outside urban boundaries that are generally 
recognized as principal arteries of travel. 

MARKET SHARE: Percent of the total market captured by a specific 
commodity (e.g., compact cars of total car sales). 

MASS TRANSPORTATION: Usually includes railroad, subway, elevated 
transportation systems, bus, and streetcar. 

MEDIUM: In reference to truck size class, a gross vehicle weight of 
10,001 to 20,000 pounds. 

MEDIUM AIR TRAFFIC HUB: A community enplaning from 0.25 to 0.99% of 
the total enplaned passengers in all services and all operations 
for all communities within the SO States, the District of Columbia, 
and other U.S. areas designated by the Federal Aviation Administra­
tion. (Also see AIR TRAFFIC HUB). 
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METHANOL: A colorless mobile alcohol of pungent odor and taste. It is 
produced from natural gas, heavy residues, and naphtha using~ 
process that first leads to a carbon monoxide-hydrogen mixture 
(synthesis gas). From this synthesis gas, methanol is synthesized 
at elevated pressure and temperature using an appropriate catalyst. 
Because of this two-step process, any energy form that can produc~ 
hydrogen and carbon monoxide is potentially suitable for the 
production of methanol. Thus, methanol may be considered as a 
universal fuel that could be produced from a wide variety of 
energy sources and materials. 

MIDDLE DISTILLATES: A category of petroleum fuel that includes the 
diesel fuels burned by surface transportation carriers, as well as 
home heating oil. 

MILE (STATUTE): 5,280 feet. 

MILES OF TRACK (RAILROAD): Total miles of railroad track in the United 
States, including multiple main tracks, yard tracks, and sidings 
owned by both line-haul and switching and terminal companies. 

MOTORCYCLE: Two-wheeled automotive vehicle having one or two saddles 
and sometimes a sidecar with a third supporting wheel. 

MOTORBUS: Rubber-tired, self-propelled transit vehicle with fuel supply 
carried on board the vehicle. 

MOTOR GASOLINE: A mixture of volatile hydrocarbons suitable for 
operation of an internal combustion engine whose major components 
are hydrocarborts with boiling points ranging from 78 to 217 degrees 
C and whose source is distillation of petroleum and cracking, 
polymerization, and other chemical reactions by which the naturally 
occurring petroleum hydrocarbons are converted into those that have 
superior fuel properties. 

MULTI-STOP TRUCK: A vehicle designed such that the driver can stand at 
the wheel and get in and out easily for door-to-door deliveries. 

MUNICIPAL MILEAGE: Roads inside city, municipal district, or urban 
boundaries; includes extensions of the state primary system, 
state secondary roads within delimited incorporated and unincorpo­
rated places, mileage under local control, local city streets, roads, 
and public ways not under state control within such places. 

NAPHTHA: Any one of a wide variety of volatile hydrocarbon mixtures. They 
are sometimes obtained from coal tar, but are more often derived from 
petroleum. Physical properties vary widely; the initial boiling 
point may be as low as 80 degrees F and end points may reach 260 
degrees C (500 degrees F). Naphthas find their use as solvents and 
diluents. 
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NAPHTHA-BASE JET FUEL: A fuel in the heavy naphtha boiling range with an 
average gravity of 52.8 degrees API and 10 to 90% distillation 
temperatures of 117 to 233 degrees C. Used for turbojet and turboprop 
aircraft engines, primarily by the military. Excludes ramjet and 
petroleum. 

NATIONAL INCOME: The aggregate earnings of labor and property which 
arise in the current production of goods and services by the nation's 
economy. 

NATIONAL SYSTEM OF INTERSTATE AND DEFENSE HIGHWAY (INTERSTATE SYSTEM): 
Established in 1944, changes were made in the extent of the system 
and increased funding was established. The system is limited to 
42,500 miles and intended to serve as a direct connection between 
the nations principal metropolitan areas, cities, and industrial 
centers. 

NATURAL GAS: A mixture of hydrocarbon compounds and small quantities of 
various nonhydrocarbons existing in the gaseous phase or in solution 
with crude oil in natural underground reservoirs at reservoir 
conditions. 

NATURAL GAS LIQUIDS (NGL): Products obtained from natural gasoline plants, 
cycling plants, and fractionators after processing the natural gas. 
Included are ethane, liquified petroleum (LP), gases (propane, butane, 
and propane-butane mixtures), natural gasoline, plant condensate, 
and minor quantities of finished products such as gasoline, special 
naphthas, jet fuel, kerosene, and distillate fuel oil. 

NET ENERGY: The total of the sector inputs (i.e., household, commercial, 
transportation, and industrial); consists of direct fuels and 
purchased e-lectricity. 

NET NATIONAL PRODUCT: Includes gross national product less capital 
consumption allowances. 

NEW CRUDE OIL: Prior to February 1, 1976: the total number of barrels 
of domestic crude oil produced and sold in a specific month less 
the base protection control for that month and less the current 
cumulative deficiency. 

NITROGEN OXIDES (NOx): A product of combustion of fossil fuels whose 
production increases with the temperature of the process. It can 
become an air pollutant if concentrations are excessive. 

NONBOWRIDER RUNABOUT: An open power boat partially decked over with 
seats, with an automotive type steering wheel, and usually with a 
windshield for the operator. May have a portable shelter top of 
canvas or plastic. Powered by inboards, outboards, inboard/out­
board, or water jet. Size range is typically between 15 feet and 
26 feet, but there are extreme designs ranging from 10 feet to 
40 feet. Bottom shape is usually a planing hull having a straight 
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run of buttocks. This can include round bilge, V-bottom tunnel hull, 
and tri-hull. This type includes some bass boats. 

NONHUB: A community enplaning less than 0.05% of the total enplaned 
passengers in all services and operations for all communities 
within the 50 States, the District of Columbia, and other U.S. 
areas designated by the Federal Aviation Administration. (Also 
see AIR TRAFFIC HUB). 

NONSELF-PROPELLED: Vessels not containing within themselves the means 
for their own propulsion. 

NUCLEAR POWER: Power released in exothermic nuclear reactions and useful 
in ways comparable with electric power. 

NO. 2 DISTILLATE FUEL OIL: A petroleum distillate which meets the 
specifications for No. 2 heating oil and/or the specifications 
for diesel fuel grade No. 2. 

OCTANE RATING: A number that is used to measure the antiknock properties 
of a liquid motor fuel. 

OIL SHALE: A finely grained sedimentary rock composed mostly of clay that 
contains an organic material called kerogen. When the kerogen is 
heated to about 482 degrees C (900 degrees F), it is converted to 
shale oil and gas. The shale oil that is derived from kerogen is 
low in sulfur; and although it varies in some respects from conven­
tional petroleum, it can be refined into most petroleum products. 

OLD CRUDE OIL: Prior to February 1, 1976: the total number of barrels 
of crude oil produced and sold from·a property in a specific month, 
less the total number of barrels of new crude oil for that property 
in that month and less the total number of barrels of released 
crude oil for that property in that month. 

OPEC: Organization of Petroleum Exporting Countries including: Saudi 
Arabia, Iran, Venezuala, Libya, Indonesia, United Arab Emirates, 
Algeria, Nigeria, Ecuador, Gabon, Iraq, Kuwait, and Qatar. 

OPERATING CRUDE OIL REFINING CAPACITY: The amount of crude a refiner is 
capable of processing in the short run, as distinct from shut-down 
capacity. 

OPERATING LEASE: Also known as Net Lease or Closed End Lease, where 
lessor takes full risk on sale of used car. Price from beginning 
to end is therefore guaranteed, except for mileage stopper of 
varying amount. 

OTHER DISTILLATE FUEL OILS: All other refined petroleum products not 
included in any other category and which, when produced in conven­
tional distillation operations, have a boiling range from 10% point 
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at 167 degrees C to 90% point at 375 degrees C. Included are 
products known as No. 1 and No. 4 distillate fuel oils and diesel 
oils. 

OTHER THAN COMMUTATION: In reference to Class I rail, passenger traffic 
other than that handled between designated points at less than the 
basic fare per trip. It does include traffic moving on basic rates 
of round trip, half rates, clergy, charity, military, special 
excursions and other special-rated traffic. 

OTTO ENGINE: An internal combustion engine conceived by Beau de Rochas 
and built by Otto. Large numbers of the engines were built and 
sold at the end of the 19th century; the principal changes since 
then include: much higher speed, lighter weight, smaller bulk, and 
greater efficiency. The engine operates on an OTTO CYCLE, which 
essentially requires four strokes of the piston for a cycle. 

OUTBOARDS: As pertaining to boats, this classification includes "portable 
engines." Some are so large as to preclude portability in its true 
sense, but they are considered "outboard" because they are not 
permanently affixed to the structure of the craft. It also includes 
all "outboard" motors regardless of the method or location used to 
mount the engine, that is, motor wells, "kicker pits," motor pockets, 
etc. 

PANEL TRUCK: A small, fully enclosed vehicle such as many stores use for 
delivery. 

PASSENGER/CARGO AIR CARRIER: One of a class of air carriers holding 
certificates of public convenience and necessity issued by the 
Civil Aeronautics Board authorizing the performance of scheduled 
air transportation of passengers and property over specified routes. 

PASSENGER ENPLANEMENTS: The count of the total number of passengers 
boarding aircraft including originating, stopover, and transfer 
passengers. 

PASSENGER-MILE: One passenger traveling one mile. 

PASSENGER-MILE (AIRCRAFT): One passenger transported one mile. Passenger­
miles are computed by summation of the products of the aircraft-miles 
flown on each interairport flight state multiplied by the number of 
passengers carried on that flight stage. 

PMT: Passenger-miles traveled. See PASSENGER-MILES. 
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PASSENGER REVENUE TON-MILE (AIRCRAFT): One ton of revenue passenger 
weight (including all baggage) transported one mile. Effective 
January 1, 1970, passenger weight standard for both "Domestic" and 
'.'International" operations is 200 pounds. 

PASSENGER TRAIN CARS: Cars typically found in passenger trains include 
coaches, sleeping cars (formerly called Pullman cars), parlor cars, 
dining cars, lounge cars, baggage cars, crew-dormitory cars, and 
observation cars. 

PERFORMANCE (AUTOMOBILE): Capability of the automobile to accelerate, 
to perform passing maneuvers, and to climb grades. It is specified 
as the time required to accelerate from Oto 60 mph. 

PERSONAL CONSUMPTION EXPENDITURES: As used in the national accounts, the 
market value of purchases of goods and services by individuals and 
nonprofit institutions and the value of food, clothing, housing, and 
financial services received by them as income in kind. It includes 
the rental value of owner-occupied houses but excludes purchases of 
dwellings, which are classified as capital goods (investment). 

PERSONAL INCOME: The current income received by persons from all sources 
net of contributions for social insurance. 

PETROLEUM: A material occurring naturally in the earth and predominantly 
composed of mixtures of chemical compounds of carbon and hydrogen 
with or without other nonmetallic elements such as sulfur, oxygen, 
nitrogen, etc. Petroleum may contain, or be composed of, such 
compounds in the gaseous, liquid, and/or solid state, depending 
on the nature of these compounds and the existent conditions of 
temperature and pressure. 

PETROLEUM CONSUMPTION, ELECTRIC UTILITY SECTOR: Domestic demand for all 
fuel oils at electric utilities. 

PETROLEUM CONSUMPTION, INDUSTRIAL SECTOR: Domestic demand for petroleum 
products for use by establishments engaged in processing unfinished 
materials into another form or product. Excludes industrial space 
heating. 

PETROLEUM CONSUMPTION, "OTHER" SECTOR: Domestic demand for miscellaneous 
products and for some agricultural uses. 

PETROLEUM CONSUMPTION, RESIDENTIAL AND COMMERCIAL: Domestic demand for 
petroleum products by private households and nonmanufacturing 
establishments. Includes industrial space heating and road paving. 

PETROLEUM CONSUMPTION, TRANSPORTATION SECTOR: Domestic demand for 
petroleum products for on-highway use, aircraft and vessel bunkering, 
and railroad use. 
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PICK-UP TRUCK: A vehicle with an enclosed cab for the driver and an open­
topped metal box over the rear wheels. 

PIPELINE: A line of pipe with pumping machinery and apparatus for convey­
ing a liquid or gas. 

PISTON: In engines and pumps, a reciprocating device in a cylinder or 
tube which receives pressure from, or delivers pressure to, a fluid. 

PISTON-POWERED AIRCRAFT: An aircraft operated by engines in which pistons 
moving back and forth work upon a crank shaft or other device to 
create rotational movement. 

PONTOON BOAT: Any of various boat types similar to rafts or houseboats. 
The hull can consist of a platform supported by two pontoons which 
usually are made of aluminum or steel and usually are cylindrical 
in shape. May have a roof structure which is usually canvas or 
lightweight aluminum. Usually propelled by an outboard motor. 
Distinguished from a houseboat by the absence of enclosed deckhouse. 

POPULATION, CIVILIAN: Represents the resident population minus the Armed 
Forces stationed in the United States. 

POPULATION, RESIDENT: Includes residents of the SO States and the District 
of Columbia but excludes residents of the Commonwealth of Puerto Rico, 
residents of the outlying areas under U.S. sovereignty or jurisdic­
tion (principally American Samoa, Panama Canal Zone, Guam, the Virgin 
Islands of the United States, and the Trust Territory of the Pacific 
Islands), and other American Citizens (military and civilian) living 
overseas. 

POPULATION, TOTAL: Includes the total population overseas, the resident 
population, and the Armed Forces stationed in foreign countries, 
Puerto Rico, and the outlying areas but not their dependents. 

POSTED PRICES: Reference prices on which governments assess the tax and 
royalty obligations of the concession-holding companies. 

PRIMARY FAMILY: A group of two or more persons residing together who are 
related by blood, marriage, or adoption. A primary family includes 
among its members the married couple or person maintaining a house­
hold. A "secondary family" includes no member related to the person 
or persons maintaining ·the household, that is, lodgers, guests, or 
resident employees. 

PRIMARY INDIVIDUAL: Persons maintaining a household with no relatives 
in the household. 

PROCESSING GAIN: Represents the amount by which total refinery output is 
greater than input for a given period of time. This difference is 
due to the processing of crude oil into products which, in total, 
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have less weight than the crude oil processed, Therefore, in terms 
of volume (barrels), the total output of products is greater than 
input. 

PRODUCTIVE CAPACITY: Defined by the Federal Energy Administration as the 
maximum daily average sustainable production rate for crude oil and 
natural gas for the 60-day period following December 31, 1974, taking 
into account the following conditions: (1) No significant reduction 
in ultimate recovery from the field would result. (2) All economi­
cally feasible changes to maximize production would be made to 
existing wells, well equipment, and surface facilities as well as 
new drilling and changes in operational practices. (3) No change 
in constraints on flaring of gas or discharging of brines into 
water sheds would be made. (4) Productivity would decline at 
capacity operating conditions. (5) Gas withdrawal from underground 
storage facilities was not included. (6) Transportation and a 
market for all production except the North Slope of Alaska would be 
available. (7) No change in economic conditions, no legal con­
straints on production, and no changes in ownership equity systems 
would occur. 

The American Petroleum Institute, however, defines crude oil produc­
tive capacity as the maximum daily crude production rate, at the point 
of custody transfer, that could be achieved in 90 days (following 
December 31 of any given year) with existing wells, well equipment, 
and surface facilities - plus work and changes that can be reasonably 
accomplished within the time period using present service capabilities 
and personnel and with productivity declining as it would under 
capacity operation. 

PROPANE: A gaseous paraffin hydrocarbon, C3H8 , occurring in crude oil, 
natural gas, and refinery cracking gas. It is used a fuel, a solvent, 
and a refrigerant. 

PROPELLER: A device for propelling an aircraft that has blades on an 
engine-driven shaft and that, when rotated, produces by its action 
on the air a thrust approximately perpendicular to its plane of 
rotation. 

PROVED RESERVES (ECONOMICALLY RECOVERABLE RESERVES): Those resources 
(coal, oil, natural gas) that have actually been discovered and 
can be produced under current economic and technological conditions. 

PSI: Pounds per square inch. 

PYROLYSIS: The chemical decomposition of waste in the absence of oxygen 
where materials are heated at atmospheric pressure and several 
products are obtained: low~Btu gas, char (partially burned carbon 
residue), and a heavy tar-like oil. All three of these products 
can be used as fuels; however, the oil has a high viscosity and a 
lower Btu value than ordinary fuel oil. 
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RAIL MOTOR CARS: Self-propelled passenger rail cars which are driven by 
electric motors energized from an electrified roadway or by a 
generator driven by a diesel or gas turbine engine. 

RAILROAD LINE: The aggregate length of roadway of all lin~-haul rail­
roads. A mile of line may include two or more parallel tracks and 
be used by two or more railroad companies. 

RANGE OF OPERATIONS OF VEHICLES: According to the Bureau of Census: 
Local - mostly in the local area. 
Short-range - mostly over the road, but usually not more than 200 

miles one way to the most distant stop from the place 
the vehicle is stationed. 

Long-range - mostly over the road trips that are more than 200 miles 
one way to the most distant stop from the place the 
vehicle is stationed. 

RANGE OIL: A grade of kerosene similar to No. 1 distillate heating oil 
with a gravity of about 43 degrees API and having a maximum end­
point of 374 degrees C. 

REFINED PRODUCT TRUNK LINES (PIPELINE SYSTEMS): One of three types of 
pipeline network that is used to transport refined petroleum 
products (i.e., gasoline, kerosene, residual oil, etc.) from the 
refineries to local distribution centers near large market areas. 

REFINER ACQUISITION COST: The cost to the refiner, including transporta­
tion and fees, of crude petroleum. The composite cost is the average 
of domestic and imported crude costs and represents the amount of 
crude cost which refiners may pass on to their customers. 

REFINERIES: Those industrial plants, regardless of capacity, processing 
crude oil feedstock and manufacturing refined petroleum products, 
except when such a plant is a petrochemical plant. 

REFINERS: Those firms that own, operate, or control the operations of 
one or more refineries. 

REFINERY CAPACITY: The maximum throughput of crude oil for which the 
plant is designed. A refinery's output of refined products will 
usually be about 5% smaller than this, allowing for waste and for 
the products burned to keep the refinery and its auxiliary plant 
in operation. 

REFINERY YIELD: The amount of each product of refinery output expressed 
as a percentage of total input of crude oil and unfinished oils rerun 
(net) in a given period. In computing yields, all natural gas liquids 
and other hydrocarbon inputs are considered as resulting in gasoline 
output, output before computing the yield of gasoline from the input 
of crude oil, and unfinished oils rerun (net). 
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REGULATED WATER CARRIER: A common and contract carrier subject to 
economic regulation by the Interstate Commerce Commission. For 
reporting purposes carriers are divided into three classes based 
on their average annual operating revenues in accordance with the 
following definitions: Class A companies are those having annual 
operating revenue exceeding $500,000; Class B companies are those 
having annual operating revenue between $100,000 and $500,000; 
Class C companies have annual operating revenues less than $100,000. 

RENTAL: Refers to daily rental (less than 6 months) of vehicles primarily 
associated with the well-known firms. 

RESERVES: Identified deposits of minerals known to be recoverable with 
current technology under present economic conditions. Categories 
of reserves are: (1) Measured Reserves - identified resources from 
which an energy commodity can be economically extracted with existing 
technology and whose location, quality, and quantity are known for 
geologic evidence supported by engineering evidence; (2) Indicated 
Reserves - reserves based partly on specific measurements, samples, 
or production data, and partly on projections for a reasonable 
distance on geologic evidence; and (3) Inferred Reserves - reserves 
based on broad geologic knowledge for which quantitative measurements 
are not available. Such reserves are estimated to be recoverable in 
the future as a result of extensions, revisions of estimates, and 
deeper drilling in known fields. 

RESIDENT POPULATION: SEE POPULATION, RESIDENT. 

RESIDENTIAL AND COMMERCIAL SECTOR: Consists of housing units, non­
manufacturing business establishments (e.g. wholesale and retail 
businesses), health and educational institutions, and government 
offices. 

RESIDUAL FUEL OIL: The heavier oils that remain after the distillate 
fuel oils and lighter hydrocarbons are boiled off in refinery 
operations. Included are products known as ASTM grades Nos. 5 and 
6 oil, heavy diesel oil, Navy Special Fuel Oil, Bunker Coil, and 
acid sludge and pitch used as refinery fuels. Residual fuel oil 
is used for the production of electric power, for heating, and for 
various industrial purposes. 

RESOURCES: Includes reserves as well as minerals that have been identified 
but cannot now be extracted because of economic or technological 
limitations, as well as economic or subeconomic materials that 
have not yet been discovered. Undiscovered recoverable resources 
are quantities of a mineral commodity that may be reasonably expected 
to exist in favorable geologic settings but that have not yet been 
identified by drilling. Exploration will permit the reclassification 
of such resources to the reserves category. 
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RETORT: A vessel in which substances are subjected to heat for the 
purpose of distillation or decomposition. A retort is distinguished 
from a till in that it is more often used for the treatment of solid 
or semisolid substances as in the case of coal. 

REVENUE PASSENGER LOAD FACTOR (AIRCRAFT): Revenue passenger-miles as a 
percentage of available seat-miles in revenue passenger services and 
representing the proportion of aircraft seating capacity that is 
actually sold and utilized. 

REVENUE PASSENGER-MILE (AIRCRAFT): One revenue passenger transported 
one mile in revenue service. Revenue passenger-miles are computed 
by summation of the products of the revenue aircraft miles flown 
on each interairport hop multiplied by the number of revenue 
passengers carried on that hop. 

REVENUE PASSENGER-MILE (BUS): One revenue passenger carried one mile 
generates one passenger-mile. The revenue passenger-miles reported 
thus represent the total distance traveled by all bus passengers. 

REVENUE TON-MILE OF FREIGHT (AIRCRAFT): One short ton of freight trans­
ported one statute mile. Ton-miles are computed by summation of the 
products of the aircraft-miles flown on each interairport flight 
stage multiplied by the number of tons carried on that flight stage. 

REVENUE TON-MILES (RAILROAD): The product of weight of the contents of 
a freight car in tons and the distance transported in miles; that is, 
n tons moved m miles generate n x m ton-miles. 

REVENUE VEHICLE-MILE (LOCAL TRANSIT): One vehicle (bus, trolley car, 
subway car, etc.) traveling one mile while revenue passengers are on 
board. The revenue vehicle-miles reported thus represent the total 
mileage traveled by vehicles in scheduled or unscheduled revenue­
producing services. 

ROWBOAT: Small lightweight open boat with a flat, round, or semi V bottom 
shape. Construction may be wood, metal, plastic, or fiberglass. 
Propelled by oars although some still consider this type a rowboat 
even when fitted with an outboard motor. It may also have provisions 
for rigging a portable mast and sail. The hull may be double-ended 
or have a transom stern. Specific types are known by the following 
names: peapod, dory, pulling boat, punt, wherry, whaleboat, duckboat, 
whitehall, and many others. Although, in the vernacular, it usually 
refers to a boat less than 16 feet long, it may be 30 feet or longer. 

RURAL: Usually refers to places with less than 5,000 people. 

RURAL MILEAGE: Roads outside city, municipal district, or urban 
boundaries. 

SAILBOAT: Any boat built primarily to be propelled by sails. 
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SCHEDULED SERVICE (AIRCRAFT): Transport service operated over an air 
carrier's certificated routes, based on published flight schedules 
including extra sections and related nonrevenue flights. 

SCOW: A large, flat-bottomed boat with broad square ends used chiefly for 
transporting sand, gravel, or refuse. 

SELF-PROPELLED TOWBOATS AND TUGS: A compact shallow-draft boat with 
squared bow and towing knees for pushing tows of barges on inland 
waterways. A tug, also termed as towboat, is a strongly built boat 
used for towing and pushing. Both of these vessels have within their 
structure the means for their own propulsion. 

SHALE OIL: The liquid oil product recoverable from the thermal decompo­
sition of kerogen, the organic material present in oil shale. 

SHORT-RANGE: In reference to area of operation of trucks, mostly over­
the-road (beyond the local area) but usually not more than 200 miles 
one way to the most distant stop from the place vehicle is stationed. 

SKIFF: A flat-bottom shallow draft open boat of simple construction with 
sharp bows and square stern. Some types, notably the St. Lawrence 
skiff, have been highly developed with rounded sections and con­
struction features which require a high degree of boat-building skill. 
Orginally designed for propulsion by oars, but may be fitted with 
an inboard motor, an outboard motor, or sails. Construction is 
usually wood or aluminum, but may be fiberglass. 

SOLVENT REFINED COAL: A coal liquefication process in which the coal is 
mixed with a liquid solvent then heated and passed to a high pressure 
reactor where hydrogen and hydrogen sulfide are separated from the 
mixture. It is then filtered, the solvent is distilled for reuse, 
and the final product is recovered either as a liquid or solid. 

STANDARD-SIZE CAR: An automobile industry designation which usually 
consists of cars with a wheelbase of greater than or equal to 
119 inches. 

STATE PRIMARY SYSTEM: Highways that have been so officially designated 
by states. They encompass the principal intercounty, intercity and 
interstate roads of all states. 

STATE SECONDARY ROADS: Reported mileage in the tables for the states 
(taken from the Highway Statistics 1970 Bulletin) that have designa­
ted both a primary and a secondary system. 

STATION WAGON (ON TRUCK CHASSIS): A truck having an enclosed body of 
paneled design with several rows of folding or removable seats 
behind the driver, similar to an automobile station wagon. 
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STILL GAS: Any form or mixture of gas produced in refineries by cracking, 
reforming, and other processes, the principal constituents of which 
are methane, ethane, ethylene, butane, butylene, propane, propylene, 
etc. Used as a petrochemical feedstock or as a fuel at the refinery. 
Refinery gas. 

STIRLING ENGINE: An external-combustion engine that has pistons that 
move up and down in cylinders. It uses a fixed volume of a working 
fluid that constantly flows back and forth between a hot top space 
and a cold bottom space in a cylinder and relies on continuous 
external combustion of a fuel that supplies heat to the working 
fluid through the upper wall of a cylinder. The theoretical 
efficiency of the Stirling engine is substantially higher than that 
of diesel and other internal-combustion engines. These engines have 
a lower emission of harmful exhaust gases, lower noise level, and 
lower fuel consumption than that of gasoline engines and no oil 
consumption; however, the cost of the engine is the major factor 
in its use at present. 

SUBCOMPACT-SIZE CAR: An automobile industry designation usually consisting 
of cars with a wheelbase of less than or equal to 100 inches. After 
1975 these are included in the SMALL category. 

SUPPLEMENTAL AIR CARRIER: One of a class of air carriers now holding 
certificates, issued by the Civil Aeronautics Board (CAB), 
authorizing them to perform passenger and cargo charter services 
supplementing the scheduled service of the certificated route air 
carriers. Supplemental air carriers are often referred to as 
"nonskeds," that is, nonscheduled carriers. 

SYNCRUDE: Synthetic crude oil suitable for use as a refinery 
feedstock and for petrochemical production. 

SYNTHETIC CRUDE: The total liquid, multicomponent hydrocarbon mixture 
resulting from a process involving molecular rearrangement of 
charge stock. Synthetic crude is usually obtained from coal and 
oil shale. 

SYNTHETIC FUEL: A fuel which does not exist in nature but which must 
be manufactured or synthesized. Generally, synthetic fuels are 
derived from other forms of fossil fuels that are less convenient 
for consumer use. Synthetic liquid fuels are produced from coal, 
shale, and tar sands. 

SYNTHETIC OIL: Oil produced artificially, as in the Sergius or the 
Fischer-Tropsch processes. 

SYSTEM OPTIMIZATION (TRANSPORTATION PROPULSION): Improvements in engine 
displacement/inertia weight combinations and combustion limitations 
for alternate fuels. 
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TANK BARGES: Flat barges that travel on inland waterways, have no 
engines, and must be pulled by a towboat. They usually carry 
fluid such as oil. 

TAR SANDS: Geologic deposits of sand and clay which are heavily impreg­
nated with oil. 

TAXI FLEET: Licensed cabs engaged in the transportation of people using 
cars. 

THRILLCRAFT: Usually a lightweight, single-engine boat of unusual design 
which will accomodate one or two people for joyriding or pulling a 
skier. Some persons include any high performance boat in this 
category. 

TON-MILE (AIRCRAFT): One short ton (2,000 pounds) transported one statute 
mile (5,280 feet). Ton-miles are computed by multiplying the air­
craft miles flown on each interairport hop by the number of tons 
carried on that hop. 

TON-MILES (TRUCK, RAIL, MARINE PIPELINE): The transportation of one short 
ton (2,000 lb) of freight a distance of one mile generates a one 
ton-mile. 

TON-MILE TRAVELED (TMT): Refer to TON-MILE. 

TOTAL VEHICLE-MILES OPERATED: Sum of all passenger vehicle-miles operated 
in line (regular) service, special (charter) service, and nonrevenue 
service. When vehicles are operated in trains, each vehicle is 
counted separately: an eight-vehicle train operating for one mile 
equals eight vehicle-miles. 

TOWBOATS: Diesel-powered vessels used in inland waterways to push a 
flotilla of barges. 

TRAIN-MILE (RAILROAD): A complete train moved one mile. 

TRANSPORTATION EFFICIENCY: The development, design, construction, and 
operation of more efficient transport systems. The technology 
focuses on autos, trucks, planes, trains, pipelines, and ships 
as well as on the power systems involved. 

TRANSPORTATION SECTOR: Consists of both private and public passenger and 
freight transportation as well as government transportation, including 
military operations. 

TRUCK SIZE CLASSES: The Bureau of Census has categorized trucks according 
to gross vehicle weight: the empty weight of the vehicle plus 
maximum anticipated load weight. 

Light - gross vehicle weight of 10,000 lb or less. 
Medium - gross vehicle weight of 10,001 to 20,000 lb. 
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Light-heavy - gross vehicle weight of 20,001 to 26,000 lb. 
Heavy-heavy - gross vehicle weight of 26,001 lb or more. 

TURBINE-POWERED AIRCRAFT: Includes aircraft with either turbojet, 
turbofan, turboprop, or turboshaft engines. 

TURBOJET: Aircraft operated by jet engines incorporating a turbine­
driven air compressor to take in and compress the air for the 
combustion of fuel, the gases of combustion (or the heated air) 
expelled being used both to rotate the turbine and to create a 
thrust-producing jet. 

TURBOPROP: Aircraft in which the main propulsive force is supplied by 
a gas-turbine-driven conventional propeller. Additional propulsive 
force may be supplied from the discharged turbine exhaust gas. 

URBAN: Usually refers to places with population of 5,000 or greater, 
unless otherwise specified. 

USED-VEHICLE SALES: Reflect retail and wholesale used-car sales only, 
not sales between private individuals. 

UTILITY: Firms operating as a service company in a community (primarily 
electrical, telephone, gas, and related services). 

VAN: A vehicle used to carry bulky loads that must be sheltered from the 
weather. They are used of late as recreational vehicles and for van 
pooling in commuting. 

VEHICLE-MILE (ALSO REFERRED TO AS VMT - VEHICLE-MILES TRAVELED): One 
vehicle traveling on_e mile. Total vehicle-miles, thus, gives the 
total mileage traveled by all vehicles. 

VEHICLE YEARS: The equivalent total years of operation of an agency's 
fleet. It is calculated by summing the total months of actual 
operation of all vehicles (or vehicles of a specific type) and 
dividing by 12. 

VOLATILIZATION: The process of converting a chemical substance from a 
liquid or solid state to a gaseous or vapor state. In the internal 
combustion engine, this occurs when gasoline is injected into the 
cylinder and mixed with air just prior to ignition. 

WAXES: Derivatives of petroleum which are extracted from lubricating 
oil fractions by chilling, filtering, and solvent washing. There 
are two types: paraffin and microcrystalline. 

WELL: A hole drilled for the purpose of finding or producing crude oil 
or natural gas or providing services rel~ted to the production of 
crude oil or natural gas. Wells are classified as oil wells, 
gas wells, dry holes, stratigraphic tests, or service wells. This 
is a standard definition of the American Petroleum Institute. 
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WELLHEAD VALUE: A value expressed in either dollars per barrel (oil), 
or cents per thousand cubic feet (natural gas) of production. 

WHOLESALE PRICE INDEX: Adjusts wholesale nominal prices to real terms 
by an average weight which is determined by the base year prices 
of a basket of wholesale goods. 
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Transportation Energy Conservation Data Book, Edition 3 

Mode-Specific Cross-Reference 

This cross-reference matrix was designed as a general standard for 

categorizing transportation energy data and, specifically, as a guide to 

modal information included in Edition 3 of the Transportation Energy 

Conservation Data Book. This chart, to be used in conjunction with the 

index, references pages where modal CHARACTERISTICS and DATA may be 

found. For any mode, data or a specific characteristic is referenced by 

the page number given in the appropriate matrix cell. For example, 

"Automobile, number of vehicles" disaggregated by a characteristic -

"Vehicle size" - is represented by the appropriate page number (1-36) 

in the respective matrix cells. 

Legend 

- following a page number entry indicates historical data. 

+ following a page number entry indicates projected data. 

'v following a page number entry indicates the results of a model. 

In many cases, data in a figure will be duplicated on an adjoining page. 

In these cases, only the first page is noted in this cross-reference. 

"Aggregated" indicates that aggregated but not detailed data about 

individual modes are provided. 

Source: The matrix was developed by Dr. Margaret F. Fels, Center 

for Environmental Studies, Princeton University, August 1977. 
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lPassenger-!iles­
t!reigbt De■and - Ton-ftiles­

tAuto■obile Yehicle-~iles­
lAuto■obile Vehicle-ftiles­

lintercity Truck Ton-ftiles-
lifttercity Truck Ton-ftiles­

lAir Passenger-"iles­
lAir Passenger-Pliles-

Pactocs• IRail Ton-~iles-
l'actors• nail Ton-ftiles-

'"arine Ton-"iles­
•~arine Ton-ftilas­

lPipeline Ton-~iles-
lPipeline Ton-~iles­

tSpaed 
1!'1ecreational Vehicle IJnit Shipaent 

tRecreation Vehicle ~•it Ship■ent 
Vehicles 1974 through 1976• tPercent Distribntion by 

11972 RTS Household Trips by 
ICoaparison of Air TraTel Data by 

IP~rcentage of Auto■obile Trips by Season and 

;::;~!!~s0~:r:e~;7Q1~lr~~~~1~;72.and Nonfederally 
Tons by Type of Traffic and Average Haul, 1970 through 
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OF HOUSEHOLD HEADS 

CORRELATION WITH VEHICLE OWNERSHIP, 1-88 
STRUCTURE OF U.S. POPULATION, 6-7/8 
OF TRUCKS IN USE, 1-31, 1-33 

EFFECT ON ANNUAL VMT, 1-107/8 

AIR CONDITIONERS 
IN CARS AND TRUCKS, 1-48 
IN FLEET CARS, 1-75 

AIR FREIGHT 
SEE ALSO AIR CARRIERS 
ENERGY INTENSITY OF 

ON CARGO ANO PASSENGER PLANES, 2-27, 2-45/46 
HAUL LENGTHS FOR, 1-20 
LOAD FACTORS FOR, 2-46 

AGRICULTURE TMT FOR, 1-137 
Elf'LOYMENT IN, 6-30 
NATIONAL INCOME FROM, 6-28 
TRUCK USAGE IN, 1-55/56, 1-59 
WAGES AND SALARIES IN, 6-29 

AGRICULTURAL WASTES 
CONVERSION TO LIQUID FUELS 

COST AND· PROCESS DATA FOR, 5-41 
ENERGY RECOVERABLE FROM, 5-53 

AIR CARRIERS 
SEE ALSO AIR FREIGHT; AIRCRAFT; 

COMMUTER AIR CARRIERS 
ACTIVITIES AT FM FACILITIES, 1-131 
AIRCRAFT USED BY 

·NUMBER OF, 1-13, 1-141 
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CARGO HAUL LENGTHS ON, 1-20 
CARGO TMT ON, 1-137 
DEPARTURES AT MAJOR AIRPORTS, 1-130 
ENERGY CONSUMPTION BY, 2-13, 2-16 

PROJECTIONS ON, 3-7 
ENERGY EFFICIENCY OF 
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PMT FOR, 1-136/137/138 

PROJECTIONS ON, 3-26/27, 3-41 
GROWTH RATES FOR, 3-40 

TRAFFIC STATISTICS FOR, 1-139 
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PROJECTIONS ON, 3-7 

AIR TAXIS 
ACTIVITIES AT FM FACILITIES, 1-131 

AIR TRAFFIC ACTIVITIES 
AT FM FACILITIES, 1-131 

AIR TRAFFIC HUBS 
ENPLANEMENT DATA FOR MAJOR, 1-130 
MAP OF, 1-129 

AIR TRANSPORTATION 
SEE ALSO AIR FREIGHT; AIR TRAVEL 
ENERGY CONSUMPTION FOR, 2-13, 2-16 
ENERGY DEMAND FOR 

PROJECTIONS ON, 3-28/29, 3-41 
GROWTH RATES FOR, 3-40 
INDIRECT, 3-44 

ENERGY EFFICIENCY OF, 1-7 
FACILITIES FOR 

FEDERAL AND STATE EXPENDITURES ON, 4-55 

AIR TRAVEL 
CORRELATION WITH HOUSEHOLD INCOME, 1-134 
ENERGY INTENSITY OF, 2-28 
GROWTH OF, 1-4 
TRIP DATA FOR DOMESTIC, 1-133 
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AIRCRAFT 
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MILITARY AIRCRAFT 
NUMBER IN USE, 1-13 
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VMT BY, 1-16 

Digitized by Google 



AIRWAYS 
MILEAGE OF, 1-21 

ALCOHOL FUELS 
SEE ALSO METHANOL 
EFFECTS ON ENGINE PERFORMANCE AND 

EMISSIONS, 5-57/58 

ALGERIA 
CRUDE OIL lf1>0RTS FROM, 5-21 

ALTERNATIVE FUELS 
SEE ALSO SYNTHETIC FUELS 
CHARACTERISTICS OF NONPETRDLEUM-BASED, 5-56 
DEVELOPMENT OF, 5-35 
FOR TRANSPORTATION USE, 5-4 

ALTERNATIVE FUELS UTILIZATION PROGRAM, 4-6 
GOALS OF, 4-43 

AMERICAN AUTOMOBILE ASSOCIATION, 1-122/123 

AMTRAK, 2-47 
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YIELD PER BARREL OF CRUDE OIL, 5-14/15 
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SEE ALSO FLEET CARS 
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AUTOMOBILES 
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AGE OF IN-USE, 1-29, 1-33 
COST OF NEW AND USED, 6-35 
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FUEL ECONOMY EFFECTS OF, 2-34 

ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY DEMAND FOR, 2-3 

PROJECTIONS ON, 3-20/21, 3-41 
GROWTH RATES FOR, 3-40 
INDIRECT, 3-44 

ENERGY INTENSITY OF, 2-28, 2-33 
FUEL CONSUMPTION BY, 2-15, 2-19 
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ENGINE WARMUP EFFECTS ON, 2-35 
ON-ROAD VS. EPA-RATED, 2-32 

BY CAR WEIGHT, 2-30/31 
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NUMBER OF, 1-13, 1-27/28 

PROJECTIONS ON, 3-16/17 
GROWTH RATES FOR, 3-40 
PER HOUSEHOLD, 6-9 
AS PERCENT OF ALL VEHICLES, 1-3 
PUBLICLY OWNED, 1-73 
REGISTERED, 1-34, 1-42 
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AUTOMOBILES 
OPERATING COST DURING FIRST YEAR, 1-122/123 
OWNERSHIP OF 

IN RURAL AND URBAN AREAS, 1-7 
IN TRUCK-OWNING HOUSEHOLDS, 1-90 

POLLUTANT EMISSIONS FROM, 3-42 
STANDARDS FOR, 4-17 

PURCHASES PER HOUSEHOLD OF NEW AND USED, 1-87 
PRODUCTION OF 4,6, and 8-CYLINDER, 1-38 
REGISTRATIONS OF, 1-34 
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SALES OF, 1-5/6 

CAPTIVE lll'ORTS, 1-37 
DOMESTIC AND IMPORTED, 1-35 
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VARIOUS MPG-RATED, 1-41 

SCRAPPAGE OF, 1-30 
TRIP LENGTHS FOR 

SEASONAL VARIATIONS IN, 1-89 
TYPES OWNED IN RURAL AND URBAN HOUSEHOLDS, 1-91/92 
USE FOR JOURNEY TO WORK, 1-118, 1-120 
VMT FOR, 1-3, 1-98, 1-101, 1-111, 3-7, 3-41, 4-31 

BY CAR AGE, 1-106/107 
FACTORS AFFECTING DATA ON, 1-6 
PROJECTIONS ON, 3-17/18/19 
GROWTH RATES FOR 3-40 
ON RURAL AND URBAN ROADS, 1-100 
IN SINGLE AND MULTIPLE CAR HOUSEHOLDS, 1-104/105 

AVIATION FUELS 
SEE ALSO AVGAS; JET FUELS 
CONSUMPTION OF, 2-21 
COST OF, 5-27 
PIPELINE TRANSPORT OF, 1-171 

AVIATION GASOLINE 
SEE AVGAS 

BALANCE OF PAYMENTS 
COMPONENTS IN U.S., 6-24/25 
ROLE OF PETROLEUM IN U.S., 6-24/25/26 

BARGES, 1-154 
SEE ALSO CARGO VESSELS 

BICYCLES 
USE IN JOURNEY-TO-WORK, 1-120 

BIOMASS 
CONVERSION TO LIQUID FUELS 

COST AND PROCESS DATA FOR, 5-41 

BOATS 
SEE RECREATIONAL BOATS; SHIPS 

BUDGETS 
FOR URBAN FAMILIES, 6-33 

BUNKER FUELS 
SEE MARINE FUELS 
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BUSES 
SEE ALSO COMMERCIAL BUSES; DIESEL BUSES; 

INTERCITY BUSES: INTERSTATE BUSES; 
LOCAL BUSES; MASS TRANSIT SYSTEMS 

ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY DEMAND FOR 

PROJECTIONS ON, 3-30/31, 3-41 
GROWTH RATES FOR, 3-40 
I ND I RECT, 3-44 

ENERGY INTENSITY OF, 2-28, 2-39/40 
FUEL CONSUMPTION BY, 2-19 
GAS TURBINE ENGINES FOR 

SPECIFICATIONS FOR, 4-39 
INTERCITY TRAVEL BY, 1-4, 1-17 
NUMBER OF, 1-13 

FEDERALLY OWNED, 1-72 
PUBLICLY OWNED, 1-73 
REGISTERED, 1-34 

PASSENGER LOAD FACTORS FOR, 1-20 
TRIP LENGTHS FOR, 1-20 
VMT FOR, 1-98, 1-101, 2-40, 4-31 

ON RURAL AND URBAN ROADS, 1-99 

BUSINESS SECTOR 
FLEET CARS USED IN, 1-68/69/70 

CABIN CRUISERS, 1-161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

CALIFORNIA 
CAR AND TRUCK EMISSION STANDARDS IN, 4-17 

CAMPER TRAILERS 
SEE ALSO RECREATIONAL VEHICLES 
SALES OF, 1-79 
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SEE ALSO RECREATIONAL BOATS 

CAPTIVE IMPORTS 
DEFINITION OF, 1-37 
SALES OF, 1-37 
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FROM CARS, TRUCKS AND ALL VEHICLES 

ESTIMATES OF, 3-42 
FROM ENGINES 

CAUSE OF, 4-16 
FUELED WITH GASOLINE-METHANOL 

MIXTURES, 5-57 
FROM STIRLING ENGINES, 4-42 

CARGO VESSELS 
SEE ALSO MARINE TRANSPORT; SHIPS 
INVENTORY OF 

ON U.S. WATERWAYS, 1-154 
ON OCEANS, 1-155 

CARPOOL! NG, 1-6 
USE IN JOURNEY-TO-WORK, 1-118, 1-120 

CLEAN AIR AMENDMENT OF 1977, 4-17 
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COAL 
SEE ALSO COAL GASIFICATION; COAL LIQUEFACTION; 

COAL LIQUIDS 
CONSUMPTION OF, 2-8/9 

BY TRANSPORTATION SECTOR, 2-12 
CONVERSION TO LIQUID FUELS 

COST AND PROCESS DATA FOR, 5-41 
COST OF TRAIN-USED, 5-27 
ENERGY PRODUCTION FROM, 5-7 
ELECTRIC POWER PRODUCTION FROM, 5-16 
METHANOL PRODUCTION FROM 

COST AND METHODS FOR, 5-54 
PRICE OF, 5-26 

ANNUAL PERCENT CHANGE IN, 5-31 
PRODUCTION OF, 2-7 
PRODUCTION-TO-CONSUMPTION RATIOS, 2-9 
RESOURCES IN U.S. 

ESTIMATES OF, 5-42 
MAP OF, 5-42 

SUPPLIES 
PROJECTIONS ON, 5-39 

COAL GASIFICATION 
PROCESSES FOR, 5-44 

COAL LIQUEFACTION 
PROCESSES FOR, 5-43 

COAL LIQUIDS 
USE AS TRANSPORTATION FUEL 

COAL REQUIREMENTS FOR, 5-45 

COMBINATION TRUCKS 
SEE ALSO TRUCKS 
ENERGY CONSUMPTION BY, 2-13 
FUEL CONSUMPTION BY, 2-15 
NUMBER OF, 1-54 

REGISTERED, 1-34 
USES OF, 1-54 
VMT FOR, 1-98, 1-101, 1-109 

ON RURAL AND URBAN ROADS, 1-99 

COMMERCIAL AIRCRAFT 
SEE ALSO AIR CARRIERS; AIRCRAFT 
FUEL USAGE BY TYPES OF, 2-22 
INVENTORY OF IN-USE, 1-32 

COMMERCIAL BUSES 
SEE ALSO BUSES 
NUMBER OF REGISTERED, 1-34 
VMT FOR, 1-16, 1-98, 1-101 

ON RURAL AND URBAN ROAOS, 1-99 
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SHIPPED ON 

GREAT LAKES AND INLAND WATERWAYS, 1-159 
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NATIONAL INCOME FROM, 6-28 
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COlltJTER AIR CARRIERS 
TRAFFIC STATISTICS FOR, 1-140 

CONSTRUCTION INDUSTRY 
Elf>LOYMENT lN, 6-30 
NATIONAL INCOME . FROM, 6-28 
TRUCK USAGE lN, 1-55/56, 1-59 
WAGES ANO SALARIES IN, 6-29 

CONSUMER PRICE INDEX (CPI), 6-35 

CRUDE Oil 
SEE ALSO PETROLEUM 
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PIPELINE TRANSPORT OF 
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ORGANIZATION CHART FOR, 4-11 

DIESEL BUSES 
SEE ALSO BUSES 

NUMBER OF REGISTERED, 1-34 

DIESEL CARS 

SEE ALSO AUTOMOBILES 
SALES OF , 1-40 

DIESEL FUEL 
CONSUMPTION BY MASS TRANSIT VEHICLES, 2-20 
COST OF TRUCK AND TRAIN - USED, 5-27 
FEDERAL TAXES ON. 4-53 
PRlCE TO USER, 5-28, 5-30 

DIESEL TRUCKS 
SEE ALSO TRUCKS 
NUMBER OF, 1-34, 1-57, 1-60/61 
PRODUCTION IN U.S., 1-47 
SALES .OF, 1-5, 1-35 

DISTILLATE FUEL OIL 
PRODUCTION OF 

AS PERCENT OF ALL PETROLEUM PRODUCTS, 5-11 

DOE 
SEE DEPARTMENT OF ENERGY (DOE) 

DOT 
SEE DEPARTMENT OF TRANSPORTATION (DOT) 

K-6 

DRIVER EDUCATION 
FLEET CARS USED FOR, 1-68/69 

DRIVING CYCLES, 4-33 

ELECTRIC BATTERIES 
MATERIALS NEEDED FOR 

WITH AND WITHOUT ELECTRIC CAR PRODUCTION, 4-30 

ELECTRIC & HYBRID VEHICLE PROGRAM, 4-5 
GOALS OF, 4-23 

ELECTRIC POWER 
CONSUMPTION 

BY MASS TRANSIT VEHICLES, 2-20 
BY TRANSPORTATION SECTOR, 2-12 

PRICE OF 
ANNUAL CHANGE IN, 5-31 

PRODUCTION BY ENERGY SOURCE, 5-16 

ELECTRIC TRAINS 
POWER CONSUlf>TION BY LOCAL, 2-15 

ELECTRIC UTILITIES 
PETROLEUM PRODUCTS DEMAND FOR, 2-10/11, 5-12/13 

ELECTRIC VEHICLE DEMONSTRATION PROGRAM 
GOALS OF, 4-26 

ELECTRIC VEHICLES 
DEMAND FOR 

FINANCIAL INCENTIVES FOR STIMULATING, 4-29 
DESIGN FEATURES OF, 4-28 
DEVELOPMENT OF, 4-23/24/25/26 
ENERGY CONSUMPTION BY 

SPEED EFFECTS ON, 4-32 
PERFORMANCE AND PERFORMANCE STANDARDS, 4-27 
VMT FOR, 4-31 

ELECTRICITY 
SEE ELECTRIC POWER 

Elf>LOYMENT 
IN MAJOR INDUSTRIES, 6-30 
IN MOTOR VEHICLE-RELATED BUSINESSES, 6-32 
IN TRANSPORTATION AND RELATED INDUSTRIES, 6-30/31 

ENERGY CONSUMPTION 
BY MODES OF TRANSPORT, 2-13, 2-16, 4-32 

ENERGY PRODUCTION 
FROM MAJOR ENERGY SOURCES, 2-7 

ENERGY POLICY & CONSERVATION ACT, 4-18 

ENERGY SOURCES 
SEE ALSO COAL; GEOTHERMAL POWER; HYDROELECTRIC POWER ; 

NATURAL GAS; NUCLEAR POWER; PETROLEUM 

ENERGY PRODUCTION FROM MAJOR, 2-7 
PRICE OF, 5-4 
SUPPLIES OF 

PROJECTIONS ON, 5-39 
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ENGINES 
SEE ALSO STIRLING ENGINES 
EMISSION FROM AND PERFORMANCE OF 

EFFECTS OF ALCOHOL FUELS ON, 5-57/58 

ENVIRONMENTAL PROTECTION AGENCY (EPA), 2-32/33, 4-4 

EXPEND !TURES 
BY URBAN FAMILIES, 6-33 
FEDERAL AND STATE 

FOR TRANSPORTATION FACILITIES, 4-55 
PERSONAL CONSUMPTION 

FM 
SEE 

FOR DIFFERENT PRODUCTS, 6-20/21 
FOR TRANSPORTATION, 6-21, 6-23 

FEDERAL AVIATION ADMINISTRAITON (FM) 

FAMILIES 
BUDGETS FOR URBAN, 6-33 
DEMOGRAPHIC DATA ON, 6-10/11 
INCOME DATA FOR, 6-15 

FEDERAL AVIATION ADMINISTRATION (FM), 1-131 

K-7 

FEDERAL HIGHWAY ADMINISTRATION (FHWA), 1-27, 1-122/123 

INCOME INCENTIVES 
FOR STIJ,ULATING ELECTRIC VEHICLE DEMAND, 4-29 

FLEET CARS 
AIR CONDITIONING IN, 1-75 
FEDERALLY OWNED 

SIZE AND NUMBER OF, 1-71/72 
FUEL ECONOMY (MPG) OF, 3-18/19, 3-41 
NUMBER IN USE, 1-66/67 
RENTAL OF, 1-68/69/70 
SALES OF, 1-5, 1-65, 1-67 
USES OF, 1-68/69/70 
VMT FOR, 1-111 

FOSSIL FUELS 
SEE ALSO COAL; NATURAL GAS; PETROLEUM 
CONSUMPTION IN TRANSPORTATION SECTOR 

OF ALL, 2-12 
PRICE OF DOMESTIC, 5-26 

FORESTRY 
TRUCK USAGE IN, 1-55/56, 1-59 

FOUR-WHEEL DRIVE VEHICLES 
PRODUCTION OF, 1-82 

FREIGHT TRAINS 
COMMODITIES CARRIED ON 

CAR-LOADING DATA FOR, 1-150 
ENERGY CONSU"'TION BY, 2-12, 2-16 
ENERGY INTENSITY OF, 2-47 

HAULING SPECIFIC CARGOES, 2-48/49 
FUEL CONSUMPTION BY, 2-15 
HAUL LENGTHS FOR CARGO ON, 1-20 

FREIGHT TRAINS 
PERCENT INTERCITY FREIGHT MOVED BY, 1-18/19 
ROLLING STOCK DATA·FOR, 1-148 
VMT FOR, 1-16 

FREIGHT TRANSPORT 
DEMAND FOR, 3-12/13 
ELECTRIC POWER CONSUMPTION FOR, 2-15 
ENERGY INTENSITY OF DOMESTIC, 2-27 
HAUL LENGTHS FOR MODES OF, 1-20 

FUEL CONSUMPTION 
BY MODE OF TRANSPORT, 2-15, 2-19 

FUEL ECONOMY 
OF CARS 

ENGINE WARMUP EFFECTS ON, 2-35 
WITH FACTORY-INSTALLED OPTIONS, 2-34 
ON-ROAD VS. EPA-RATED, 2-32 
RATINGS FOR, 1-41 
WEIGHT EFFECTS ON, 2-30/31 

OF LIGHT TRUCKS 
WEIGHT EFFECTS ON, 2-36 

OF STIRLING ENGINES, 4-41 

FUEL ECONOMY STANDARDS, 4-16 
FOR CARS, 2-29, 4-5, 4-13 
FOR FEDERALLY OWNED CARS, 4-15 
FOR LIGHT TRUCKS, 4-13 

FUEL OIL 
SEE ALSO DISTILLATE FUEL OIL; FUELS 
DEMAND FOR, 5-10 
PIPELINE TRANSPORT OF, 1-171 
PRICE OF 

ANNUAL CHANGE IN, 5-31 
YIELD PER BARREL OF CRUDE, 5-14/15 

FUELS 
SEE ALCOHOL FUELS; AVIATION FUELS; DIESEL FUEL; 

FOSSIL FUELS; GASOLINE; MARINE FUEL; MOTOR FUELS; 
SYNTHETIC FUELS 

GAS TURBINE ENGINES 
FOR BUSES 

SPECIFICATIONS FOR, 4-39 

GAS TURBINE HIGHWAY VEHICLE PROGRAM 
GOALS OF, 4-38 

GASOLINE 
CONSUMPTION OF, 2-11 

BY MASS TRANSIT VEHICLES, 2-20 
BY MOTOR VEHICLES, 2-18 

DEMAND FOR, 5-10 
FEDERAL TAXES ON, 4-53 
PIPELINE TRANSPORT OF, 1-171 

ENERGY INTENSITY OF, 2-54 
PRICE OF 

BY GASOLINE TYPE, 5-29/30 
ANNUAL PERCENT CHANGE IN, 5-31 
TO RETAILER AND TO USER, 5-28 
PROJECTIONS ON, 3-14/15 

Digitized by Google 



GASOLINE 
PRODUCTION AS PERCENT OF ALL PETROLEUM 

PRODUCTS, 5-11 
RATIONING OF 

HIGHLIGHTS OF PLAN FOR, 4-18 
TRUCKS FUELED BY 

INVENTORY AND OPERATING STATISTICS 
FOR, 1-57, 1-60/61 

YIELD PER BARREL OF CRUDE, 5-14/15 

GENERAL AVIATION AIRCRAFT 
ACTIVITIES AT FAA FACILITIES, 1-131 
ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY DEMAND FOR 

PROJECTIONS ON, 3-26/27, 3-41 
FUEL CONSUPl'TION BY, 2-15, 2-21 
NUMBER OF, 1-13 
TYPES OF 

FLIGHT DATA FOR, 1-141/142 
USAGE DATA FOR, 1-143 

VMT FOR 1-16 

GENERAL INCOME INOICATORS, 6-27 

GEOTHERMAL POWER 

GNP 

CONSUMPTION OF, 2-8 
PRODUCTION OF, 5-7 

SEE GROSS NATIONAL PRODUCT (GNP) 

GOVERNMENT POLICIES 
lPl'ACT ON TRANSPORTATION AND ENERGY 

CONSERVATION, 5-3 

GOVERNMENT VEHICLES 
FUEL ECONOMY STANDARDS FOR FEDERAL, 4-15 
INVENTORY OF VARIOUS TYPE, 1-72 
NUMBER OF, 1-71, 1-73 
PERCENT OF FLEET CARS USED AS, 1-68/69/70 
SIZE OF, 1-71 
VMT FOR, 1-112 

GRAINS 
SYNTHETIC FUEL AMOUNTS RECOVERABLE FROM, 5-53 

GREAT LAKES 
COMl«lDITIES SHIPPED ON, 1-159 
THT ON, 1-156 

GROSS NATIONAL PRODUCT (GNP), 6-27 6-34 
BASELINE DATA FOR, 3-7 
PROJECTIONS ON, 3-10/11, 3-41 
GROWTH RATES FOR, 3-40 
MAJOR COPl'ONENTS OF, 6-19 

HEAT ENGINE PROGRAM 
GOALS OF, 4-37 

HEATING OIL 
PRICE OF, 5-30 

K-8 

HEAVY TRUCKS 
SEE COMBINATION TRUCKS; DIESEL TRUCKS; 

INTERCITY TRUCKS; TRUCKS 

HERTZ CORPORATION, 1-122/123 

HIGHWAY VEHICLES 
SEE ALSO AUTOMOBILES; BUSES; ELECTRIC VEHILCES; 

GOVERNMENT VEHICLES; MOTORCYCLES; TRUCKS 
ENERGY CONSUMPTION BY, 2-13, 2-16 
OPERATING SPEEDS OF, 1-124 
NUMBER OF, 1-13 

REGISTERED, 1-34 
VMT FOR, 1-16 

HIGHWAYS 
HAP OF DEFENSE AND INTERSTATE, 1-97 
MILEAGE OF, 1-21 
STATE AND FEDERAL EXPENDITURES FOR, 4-55 

HOUSEBOATS, 1-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

HOUSEHOLD INCOME 
CORRELATION WITH 

AIR TRAVEL, 1-117, 1-134 
HOUSEHOLD SIZE, 6-14 
VEHICLE OWNERSHIP, 1-88 

HOUSEHOLDS 
CARS PER, 6-9 
CAR PURCHASES BY, 1-87 
LICENSED DRIVERS PER, 6-9 
WITH MOTORCYCLES 

OTHER VEHICLES OWNED BY, 1-93 
NUMBER ANO CHARACTERISTICS OF, 6-9 
SINGLE AND MULTIPLE CAR 

VMT PER CAR FOR, 1-104/105 
IN RURAL AND URBAN AREAS, 1-90 

SIZE OF, 6-10, 6-14 
VEHICLE OWNERSHIP STATISTICS FOR, 1-88 

HYBRID ELECTRIC VEHICLES 
DEVELOPMENT OF, 4-34 

HYDROCARBON EMISSIONS 
FROM CARS, TRUCKS, ANO ALL VEHICLES, 3-42 
FROM ENGINES BURNING GASOLINE-METHANOL 

MIXTURES, 5-57 
FROM STIRLING ENGINES, 4-42 

HYDROELECTRIC POWER 
CONSUMPTION OF, 2-8/9 
PRODUCTION OF, 2-7 

PROJECTIONS ON, 5-39 
PERCENT OF ALL ELECTRIC POWER PRODUCTION, 5-16 
PRODUCTION-TO-CONSUMPTION RATIOS, 2-9 
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Ilf'ORTED CARS 
SEE ALSO AUTOMOBILES 
FACTORY-INSTALLED OPTIONS ON, 1-48 
REGISTRATIONS OF, 1-42 
SALES OF, 1-35, 1-37, 1-41 

WITH DIESEL ENGINES, 1-40 

INDONESIA 
CRUDE OIL Ilf'ORTS FROM, 5-21 

INDUSTRIAL SECTOR 
PETROLEUM PRODUCTS CONSUMPTION BY, 2-11 
PETROLEUM PRODUCTS DEMAND FOR, 2-10, 5-12/13 

INFLATABLE WATERCRAFT, l-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

INLAND WATERWAYS 
CARGO VESSELS ON, 1-154 
COMMODITIES SHIPPED ON, 1-159 
MAP OF U.S., 1-153 
MILEAGE OF U.S., 1-21 
PERCENT OF INTERCITY FREIGHT MOVED ON, 1-18/19 
PERCENT OF INTERCITY TRAVEL BY, 1-17 

I NTERC !TY BUSES 
ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY INTENSITY OF, 2-39 
FUEL CONSUMPTION BY, 2-15 
VMT OF, 2-40 

INTERCITY TRANSPORT 
OF FREIGHT, 1-4, 1-19 

HAUL LENGTHS FOR, 1-20 
MILEAGE FOR, 1-21 
MODES OF, 1-18/19/20 
TMT FOR, 1-18 

OF PASSENGERS, 1-4 
MILEAGE AND MODES OF, 1-17, 1-21 
PMT FOR, 1-17 
TRIP LENGTHS AND LOAD FACTORS FOR, 1-20 

BY PIPELINES, 1-4, 1-18/19 

INTERCITY TRUCKS 
ALTERNATIVE FUELS FOR 

RESEARCH NEEDED ON, 5-56 
ENERGY USE BY, 3-7, 3-24/25 

PROJECTIONS ON, 3-24/25 
FREIGHT MOVEMENT BY, 1-18 
TMT FOR, 1-19, 3-7 

PROJECTIONS ON, 3-24/25 

INTERSTATE BUSES 
VMT FOR, 4-31 

INTERSTATE COMMERCE COMMISSION (ICC), 4-20 

INTERSTATE HIGHWAYS 
MAP OF, 1-97 
VEHICLE SPEEDS ON, 1-125 

K-9 

IRAN 
CRUDE OIL IMPORTS FROM, 5-21 
PRICE OF PETROLEUM FROM, 5-25 

IRAQ 
PRICE OF PETROLEUM FROM, 5-25 

JET FUEL 
CONSUMPTION OF, 2-11, 2-21 
DEMAND FOR, 5-10 
PIPELINE TRANSPORT OF, 1-171 
PRODUCTION AS PERCENT OF ALL PETROLEUM PRODUCTS, 5-11 
YIELD PER BARREL OF CRUDE, 5-14/15 

JOURNEY-TO-WORK, 1-6 
MODES OF 

IN RURAL AND URBAN AREAS, 1-118 
IN SMSAS, 1-120 

MOTORCYCLE USAGE FOR, 1-121 
TRIP CHARACTERISTICS OF, 1-119 

KAYAKS, 1-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

KEROSENE 
CONSUMPTION OF, 2-11 
DEMAND FOR, 5-10 
PIPELINE TRANSPORT OF, 1-171 

ENERGY INTENSITY OF, 2-54 
YIELD PER BARREL OF CRUDE, 5-14/15 

KUWAIT 
PRICE OF PETROLEUM FROM, 5-25 

LIBYA 
CRUDE OIL IMPORTS FROM, 5-21 
PRICE OF PETROLEUM FROM, 5-25 

LICENSED DRIVERS 
AGE, NUMBER AND SEX OF, 6-12 
PER HOUSEHOLD, 6-9 

LIGHT TRUCKS 
SEE ALSO PICKUP TRUCKS; TRUCKS; VANS 
ENERGY-CONSUMING OPTIONS ON 

FACTORY INSTALLATION OF, 1-48 
FUEL ECONOMY 

OF VARIOUS WEIGHT, 2-36 
STANDARDS FOR, 4-13 

NUMBER OF, 3-22/23, 3-41 
GROWTH RATE PROJECTIONS OF, 3-40 

AS PERSONAL TRANSPORTATION 
ENERGY INTENSITY OF, 2-37 

POLLUTANT EMISSION STANDARDS FOR, 4-17 
SALES OF, 1-5, 3-22/23, 3-41 
WEIGHT CLASS DISTRIBUTION FOR, 2-36 
VMT FOR 

AS FUNCTION OF TRUCK AGE, 1-107/108 
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LIQUID FUELS 
PRODUCTION FROM WASTES AND FOSSIL FUELS 

COST AND PROCESS DATA FOR, 5-41 

LIQUEFIED GASES 
CONSUMPTION OF, 2-11 
USE IN TRUCKS, 1-57, 1-60/61 

LIQUEFIED NATURAL GAS 
PIPELINE TRANSPORT OF, 1-171 
PRICE OF DOMESTIC, 5-26 

LOCAL BUSES 
ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY INTENSITY OF, 2-39/40 
FUEL AND ELECTRIC POWER CONSUMPTION BY, 2-15 
VMT FOR, 2-40 

LOCAL TRAINS 
ENERGY CONSUMPTION BY, 2-13, 2-16 

LUBRICANTS . 
YIELD PER BARREL OF CRUDE, 5-14/15 

MANUFACTURING INDUSTRY 

EM>LOYMENT IN, 6-30 
NATIONAL INCOME FROM, 6-28 
TRUCK USAGE IN, 1-55/56, 1-59 
WAGES AND SALARIES IN, 6-29 

MARINE FUEL 
COST OF, 5-27 
DOMESTIC SALES OF, 2-23 
PURCHASES OF, 2-24 

MARINE TRANSPORT 
SEE ALSO SHIPS 
OF CARGO ON U.S. WATERWAYS, 1-154, 1-156/157/158 

HAUL LENGTHS FOR, 1-20 
ENERGY CONSUMPTION FOR, 2-13, 2-14, 2-16, 3-7 
ENERGY DEMAND FDR, 3-36/37, 3-41 

GROWTH RATE PROJECTIONS ON, 3-40 
INDIRECT, 3-44 

ENERGY INTENSITY OF, 2-27, 2-50 
FACILITIES FOR 

STATE AND FEDERAL EXPENDITURES FOR, 4-55 
FUEL CONSUMPTION FOR, 2-15 
REGULATIONS AFFECTING 

ENERGY IM>ACTS OF, 4-47 
TMT FOR, 3-7, 3-36/37, 3-41 

GROWTH RATE PROJECTIONS ON, 3-40 
VESSELS USED FOR, 1-13 

MARKETING INDUSTRY 
EM>LOYMENT IN, 6-30 
NATIONAL INCOME FROM, 6-28 
TRUCK USAGE IN, 1-55/56, 1-59 
WAGES ANO SALARIES IN, 6-29 

K-10 

MASS TRANSPORTATION SYSTEMS 
ENERGY CONSUMPTION BY, 2-20 
USE FOR JOURNEY-TO-WORK, 1-118, 1-120 
VMT FOR, 4-31 

MATERIALS 
CONSUMED TO BUILD TYPICAL U.S. CAR, 1-39 
NEEDED FOR ELECTRIC BATTERIES, 4-30 

METALS 
SIGNIFICANT !WORTS ANO SOURCES OF, 5-22 

METHANOL 
MIXED WITH GASOLINE 

EFFECTS ON ENGINE PERFORMANCE ANO EMISSIONS, 5-57 
PRODUCTION OF 

COAL GASIFICATION PROCESSES FOR, 5-44 
FROM COAL OR MUNICIPAL WASTES, 5-54 
COST OF, 5-54 

MILITARY AIRCRAFT 
ACTIVITIES AT FAA FACILITIES, 1-131 

MINERALS 
SIGNIFICANT IMPORTS AND SOURCES OF, 

MINING INDUSTRY 
Elt'LOYMENT IN, 6-30 
NATIONAL INCOME FROM, 6-28 
TRUCK USAGE IN, 1-55/56, 1-59 
WAGES AND SALARIES IN, 6-29 

MOTOR BOATS, 1-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

MOTOR FUELS 
SEE ALSO DIESEL FUEL; GASOLINE 
STATE TAXES FROM, 4-54 

MOTOR HOMES 
SEE ALSO RECREATIONAL VEHICLES 
OWNERSHIP IN RURAL ANO URBAN HOUSEHOLDS, 1-91/92 
SALES OF, 1-79 

MOTOR VEHICLES 
SEE ALSO AUTOMOBILES; BUSES; FOUR-WHEEL DRIVE VEHICLES; 

MOTOR HOMES; MOTORCYCLES; TRUCKS; VANS 
ENERGY-CONSUMING OPTIONS ON 

FACTOR INSTALLATIONS OF, 1-49 
OWNERSHIP OF 

HOUSEHOLD DATA ON, 1-88 
IN MOTORCYCLE-OWNING HOUSEHOLDS, 1-93 
IN RURAL AND URBAN AREAS, 1-6/7 

PERCENT OF INTERCITY TRAVEL BY, 1-17 
POLLUTANT EMISSIONS FROM, 3-42 
PRODUCTION, MARKETING AND SERVICING OF 

EMPLOYMENT DATA FOR, 6-32 
SAFETY STANDARDS FOR, 4-4 

PROPOSED FEDERAL, 4-19 
VMT FOR, 1-98, 1-101, 1-103 

ON RURAL AND URBAN ROADS, 1-99 
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MOTORCYCLES 
ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY INTENSITY OF, 2-28 
FUEL CONSUMPTION BY, 2-15 
MILEAGE DATA FOR, 1-116 
NUMBER OF, 1-13, 1-80 

IN l'llLTIPLE VEHICLE HOUSEHOLDS, 
PUBLI.CLY OWNED, 1-73 
REGISTERED, 1-80 

SALES OF, 1-81 
USE FOR 

COMMUTING, 1-121 
JOURNEY-TO-WORK, 1-118 

VMT FOR, 1-98, 1-101 

MPG 
SEE FUEL ECONOMY 

MUNICIPAL WASTES 
CONVERSION TO LIQUID FUEL 

COST AND PROCESS DATA FOR, 5-41 
ENERGY RECOVERABLE FROM, 5-53 
METHANOL PRODUCTION FROM 

COST OF, 5-54 

NA Tl ONAL INCOME 
FROM MAJOR INDUSTRIES, 6-28 

NATURAL GAS 
CONSUMPTION OF, 2-8/9 

BY TRANSPORTATION SECTOR, 2-12 
CONVERSION TO LIQUID FUELS 

1-93 

COST AND PROCESS DATA FOR, 5-41 
ELECTRIC POWER PRODUCTION FROM, 5-17 
PIPELINES FOR 

MILEAGE OF, 1-173 
PRICE OF, 5-26 

ANNUAL PERCENT CHANGE IN, 5-31 
PRODUCTION OF, 2-7, 5-7 
PRODUCTION-TO-CONSUMPTION RATIOS, 2-9 
SUPPLIES OF, 5-39 
TRANSPORT OF, 1-72 

ENERGY EFFICIENCY OF, 2-52 
ENERGY INTENSITY OF, 2-53 

NIGERIA 
PETROLEUM FROM 

!ll'ORTS OF, 5-21 
PRICE OF, 5-15 

NITROGEN OXIDE EMISSIONS 
FROM CARS, TRUCKS AND VEHICLES, 3-42 
FROM ENGINES, 4-16 

BURNING GASOLINE-METHANOL MIXTURES, 5-57 
FROM STIRLING ENGINES, 4-42 

NUCLEAR POWER 
PRODUCTION, 2-7/8/9, 5-7 

PROJECTIONS FOR, 5-39 

OIL 
SEE 

AS PERCENT OF ALL ELECTRIC POWER, 5-16 

PETROLEUM 

K-11 

OIL SHALE CONVERSION 
PROCESSES FOR, 5-48 
SHALE REQUIREMENTS FOR, 5-49 

OIL SHALE DEPOSITS 
CHARACTERISTICS OF MAJOR FOREIGN, 5-47 
MAP OF U.S., 5-46 

OPEC COUNTRIES 
CRUDE OIL FROM 

IMPORTS OF, 5-20/21 
PRICES OF, 5-25 

PASSENGER CARS 
SEE AUTOMOBILES 

PASSENGER~RAINS 
ENERGY CONSUMPTION BY, 2-13, 2-15/16 
ENERGY INTENSITY OF, 2-47 
INTERCITY TRAVEL BY, 1-17 
LOAD FACTORS AND TRIP LENGTHS FOR, 1-20 
ROLLING STOCK AND USAGE DATA, 1-149 
VMT BY, 1-16, 4-31 

PASSENGER TRANSPORTATION 
DEMAND FOR, 3-12/13 
ENERGY INTENSITY OF, 2-28 
USE OF TRUCKS FOR, 1-55/56, 1-59 

PASSENGER VEHICLES 
SEE ALSO AIRCRAFT; AUTOMOBILES; BUSES; 

PASSENGER TRAINS; TRUCKS 
VMT FOR, 1-16, 1-101, 4-31 

ON RURAL AND URBAN ROADS, 1-99 
TYPES OWNED IN RURAL AND URBAN HOUSEHOLDS, 1-91/92 

PETROLEUM 
SEE ALSO CRUDE OIL; FUEL OIL; PETROLEUM PRODUCTS 
CONSUMPTION OF, 2-8/9, 5-9 

BY TRANSPORTATION SECTOR, 2-12 
CONVERSION TO LIQUID FUELS 

COST AND PROCESS DATA FOR, 5-41 
Ill'ORTS OF, 5-3, 5-35 
ELECTRIC POWER PRODUCTION WITH, 5-16 
PRICES OF, 3-14/15, 5-25 
PRODUCTION OF, 2-3, 2-7, 5-9 

FOR TRANSPORTATION SECTOR, 5-3 
PRODUCTION-TO-CONSUMPTION RATIO, 2-9, 5-8/9 
ROLE IN U.S. BALANCE-OF-PAYMENTS, 6-24/25/26 
SUPPLIES OF, 5-39 

PETROLEUM PRODUCTS 
SEE ALSO FUEL OIL; GASOLINE; JET FUELS; 

KEROSENE; LIQUID FUELS 

CONSUMPTION OF 
BY PRODUCT AND CONSUMING SECTOR, 2-11 

DEMAND FOR 
BY END USE, 2-10, 5-12/13 
REFINED, 5-10 

PIPELINE TRANSPORT OF, 1-169, 1-171 
ENERGY INTENSITY OF, 2-54 
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PIPELINES FOR 
MILEAGE OF, 1-168 

PRODUCT PERCENTAGES FOR 1977-PRODUCED, 5-11 
REPLACEMENT BY ALTERNATIVE FUELS, 5-35 

PICKUP TRUCKS 
COVERS FOR 

PRODUCTION OF, 1-47 
OWNERSHIP IN RURAL AND URBAN AREAS, 1-7, 1-91/92 
PERSONAL TRAVEL BY, 1-109 

ENERGY INTENSITY OF, 1-109 
PRODUCTION OF, 1-82 
SALES OF, 1-5 

PIPELINE TRANSPORT 
ENERGY CONSUMPTION FOR, 2-13, 2-16, 3-7 
ENERGY DEMAND FOR, 3-38/39, 3-41 

GROWTH RATE PROJECTIONS ON, 3-40 
I ND IRECT, 3-44 

OF NATURAL GAS 
ENERGY EFFICIENCY OF 2-52 
ENERGY INTENSITY OF, 2-53 
FUEL CONSUMPTION FOR, 2-15 

OF PETROLEUM PRODUCTS 
ENERGY INTENSITY OF, 2-54 

TMT BY, 3-7 
PROJECTIONS ON, 3-38/39/40/41 

PIPELINES, 1-8 
COMPANIES OWNING 

FINANCIAL PROFILES OF ICC-REGULATED, 1-167 
CRUDE OIL MOVEMENTS BY, 1-169 

HAUL LENGTHS FOR, 1-20 
INTERCITY TRANSPORT BY, 1-4, 1-18/19 
MILEAGE OF, 1-21 

FOR NATURAL GAS, 1-173 
FOR PETROLEUM, 1-168 

PETROLEUM PRODUCTS MOVED BY, 1-169, 1-171 
HAUL LENGTHS FOR, 1-20 

PMT (PASSENGER-MILES TRAVELED), 3-12/13; 3-41 
SEE ALSO VMT (VEHICLE-MILES TRAVELED) 
BY AIR CARRIERS, 3-26/27, 3-40/41 
GROWTH RATES FOR, 3-40 
FOR INTERCITY TRAVEL, 1-17 

POLICE DEPARTMENTS 
FLEET CAR USAGE BY, 1-68/69/70 

POLLUTANT EMISSIONS 
FROM ENGINES BURNING GASOLINE-METHANOL 

MIXTURES, 5-57 
FROM MOTOR VEHICLES 

ESTIMATES OF, 3-42 
STANDARDS FOR, 4-16/17 

FROM STIRLING ENGINES, 4-42 

POPULATION 
IN U.S., 3-7/8 

AGE STRUCTURE OF, 6-7/8 
PROJECTIONS ON, 3-10/11, 3-40/41 
SEX OF AGE GROUPS IN, 6-8 
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PROPANE 
CONSUMPTION BY MASS TRANSIT VEHICLES, 2-20 

PUBLIC LAW 94-413, 4-23/24, 4-26 

PUBLIC LAW 95-238, 4-6, 4-23/24, 4-26 

PUBLIC UTILITIES 
SEE ALSO ELECTRIC UTILITIES 
EMPLOYMENT BY, 6-30 
FLEET CAR USAGE BY, 1-68/69/70 
NATIONAL INCOME FROM, 6-28 
TRUCK USAGE BY, 1-55/56, 1-59 
WAGES ANO SALARIES IN, 6-29 

RAIL TRANSPORT 
SEE ALSO FREIGHT TRAINS; PASSENGER TRAINS; 

RAILROADS; TRAINS 
ENERGY CONSUMPTION FOR, 2-13, 2-16 
ENERGY DEMAND FOR, 3-34/35, 3-41 

GROWTH RATES FOR, 3-40 
INDIRECT, 3-44 

ENERGY INTENSITY OF, 2-47 
OF FREIGHT 

ENERGY CONSERVATION OPPORTUNITIES FOR, 4-48 
ENERGY DEMAND FOR, 3-7 
ENERGY INTENSITY OF, 2-27, 2-48/49 
TMT DATA FOR, 3-32/33, 3-40/41 

GROWTH OF INTERCITY, 1-4 
OF PASSENGERS 

ENERGY INTENSITY OF, 2-28 

RAILROADS, 1-8 
SEE ALSO FREIGHT TRAINS; PASSENGER TRAINS; RAIL 

TRANSPORT; TRAINS 
MAP OF U.S., 1-147 
MILEAGE OF INTERCITY, 1-21 
ROLLING STOCK FOR, 1-13 

RECREATIONAL BOATS, 1-8 
ENERGY INTENSITIES OF, 2-51 
FUEL USAGE BY, 2-51 
HORSEPOWER OF, 1-162 
HULL MATERIALS FOR VARIOUS SIZE, 1-163 
NUMBER OF, 1-160/161/162 
USAGE OF, 1-160/161 

RECREATIONAL VEHICLES 
SEE ALSO CAMPING TRAILERS; MOTOR HOMES; TRAVEL 

TRAILERS: TRUCK CAMPERS 
SALES OF, 1-79 
TRIP LENGTH DATA FOR, 1-115 
VMT FOR, 1-114 

REGULATORY AGENCIES 
IMPACT ON TRANSPORTATION AND ENERGY 

CONSERVATION ACTIVITIES, 4-3 

RENTAL VEHICLES 
FLEET CARS, 1-68/69/70 
TRUCKS, 1-54/55 
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RESIDENTIAL ANO COMMERCIAL SECTOR 
PETROLEUM PRODUCTS DEMAND BY, 2-10/11, 5-12/13 

RESIDUAL FUEL OIL 
CONSUMPTION OF, 2-11 
PRICE OF, 5-30 
PRODUCTION OF, 5-11 

RIDE SHARING PROGRAM, 4-6 

ROWBOATS, l-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

RURAL AREAS 
JOURNEY-TO-WORK IN 

MODES OF, 1-118 
TRIP CHARACTERISTICS OF, 1-119 

VEHICLES IN 
OWNERSHIP PER HOUSEHOLD, 1-88, 1-90 
OPERATING SPEEDS OF, 1-124/125 
TYPES OF, 1-90/91 

VMT ON ROADS IN, 1-99/100 

SAFETY STANDARDS 
FOR MOTOR VEHICLES, 4-4 

PROPOSED FEDERAL, 4-19 

SAILBOATS, 1-160/161/162, 2-51 
SEE ALSO RECREATIONAL BOATS 

SAUDI ARABIA 
PETROLEUM FROM 

llf'ORTS OF, 5-21 
PRICE OF, 5-25 

SCHOOL BUSES 
ENERGY CONSUMPTION BY, 2-13, 2-16 
ENERGY INTENSITY OF, 2-39 
FUEL CONSUMPTION BY, 2-15 
NUMBER OF REGISTERED, 1-34 
VMT BY, 1-16, 1-98/99, 1-101, 2-40 

SERVICE INDUSTRIES 

SEX 

TRUCK USAGE BY, 1-55/56, 1-59 

OF AGE GROUPS IN U.S. POPULATION, 6-8 
OF LICENSED DRIVERS, 6-12 

SHALE OIL 
SEE ALSO OIL SHALE 
CONVERSION TO LIQUID FUEL, 5-41 

SHIPS 
SEE ALSO CARGO VESSELS; RECREATIONAL BOATS 
ENERGY INTENSITY OF CARGO, 2-50 
FUEL SALES FOR, 2-23 
NUMBER OF, 1-13 
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SINGLE-UNIT TRUCKS 
ENERGY CONSUMPTION BY, 2-13 
FUEL CONSUMPTION BY, 2-15 
NUMBER OF, 1-54 

REGISTERED, 1-34 
USES OF, 1-54 
VMT BY, 1-98, 1-101 

ON RURAL AND URBAN ROADS, 1-99 

SMSA (STANDARD METRPOLITAN STATISTICAL AREAS) 
SEE ALSO URBAN AREAS 
JOURNEY-TO-WORK MODES IN, 1-118, 1-120 

SNOWMOBilES 
SALES OF, l-B3 

SPEED LIMIT 
IMPACT OF 55 MPH, 4-5 

STATION WAGONS 
ENERGY INTENSITY OF, 2-33 
INVENTORY OF FEDERALLY OWNED, 1-72 
PRODUCTION OF, 1-82 

STIRLING ENGINES 
EMISSIONS FROM, 4-42 
FUEL ECONOMY OF, 4-41 
PROGRAM FOR DEVELOPING GOALS OF, 4-40 

SUBURBAN AREAS 
VEHICLE OWNERSHIP IN, 1-88, 1-91/92 

SYNTHETIC FUELS 
AMOUNTS RECOVERABLE FROM GRAINS AND WASTES, 5-53 
DEMAND FOR, 5-38 
PRODUCTION COSTS FOR, 5-51 

TAR SANDS 
WORLD-WIDE RESERVES OF, 5-50 

TAXES 
DERIVED FROM TRANSPORTATION SECTOR 

FEDERAL, 4-53 
STATE, 4-54 

GAS GUZZLER, 4-14 

TAXIS 
SEE ALSO AIR TAXIS 
FLEET CARS USED AS, 1-68/69/70 
MILEAGE AND PASSENGER DATA FOR, 1-113 
USE FOR JOURNEY-TO-WORK, 1-118 

TMT (TON-MILES TRAVELED) 
FOR AIR FREIGHT, 1-137 
FOR ALL FREIGHT, 3-12/13 

GROWTH RATES FOR, 3-40/41 
ON GREAT LAKES, 1-156 
FOR INTERCITY FREIGHT, 1-18/19/20, 3-24/25 
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TMT (TON-MILES TRAVELED) 
FOR MARINE TRANSPORT, 3-7, 3-36/37, 3-40/41 
FOR PIPELINE TRANSPORT, 3-7, 3-38/39, 3-40/41 
FOR TRUCKS, .1-19, 3-7, 3-24/25 
FOR RAIL TRANSPORT, 3-32/33, 3-40/41 
ON U.S. WATERWAYS, 1-156 

TOTAL ENERGY 
PRODUCTION AND CONSUMPTION OF, 5-7/8/9 

TOWBOATS, 1-154 

TRAINS 
SEE ELECTRIC TRAINS; FREIGHT TRAINS; LOCAL 

TRAINS; PASSENGER TRAINS; RAIL TRANSPORT 

TRANSPORTATION 
COST OF, 6-35 
PERSONAL EXPENDITURES FOR, 6-20/21 

TRANSPORTATION SECTOR 
DEMOGRAPHIC AND ECONOMIC INFLUENCES ON, 6-3/4 
EMPLOYMENT IN, 6-30 
ENERGY DEMAND FOR, 1-3, 3-8/9, 3-41 

GROWTH RATES FOR, 3-40 
INDIRECT, 3-43/44 

ENERGY SOURCES CONSUMPTION IN, 2-12 
ENERGY SUPPLIES FOR, 5-3 
EXPENDITURES IN, 6-18/19 

PERSONAL, 6-23 
FUEL DEMANDS FOR, 5-3/4 
IMPACT OF GOVERNMENT POLICIES ON, 4-3 
INDUSTIRES RELATED TO 

EMPLOYMENT IN, 6-31 
NATIONAL INCOME FROM, 6-28 
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PETROLEUM PRODUCTS DEMAND BY, 2-3, 2-10/11, 5-12/13 
TAXES DERIVED FROM 

FEDERAL, 4-53 
STATE, 4-54 

WAGES AND SALARIES IN, 6-29 

TRAVEL TRAILERS 
SEE ALSO RECREATIONAL VEHICLES 
SALES OF, 1-79 

TRUCK CAMPERS 
SEE ALSO RECREATIONAL VEHICLES 
SALES OF, 1-79 

TRUCKS 
SEE ALSO COMBINATION TRUCKS; DIESEL TRUCKS; 

INTERCITY TRUCKS; LIGHT TRUCKS; 
PICKUP TRUCKS; SINGLE-UNIT TRUCKS; VANS 

AGE OF IN-USE, 1-31, 1-33 
CHARACTERISTICS OF IN-USE, 1-53 
ENERGY DEMAND FOR, 2-13, 2-16, 3-24/25, 3-41 

GROWTH RATES FOR, 3-40 
INDIRECT, 3-44 

ENERGY INTENSITY OF, 2-27 
ENERGY-SAVING OPTIONS ON LARGE, 2-38 
FUEL CONSUlf>TION BY, 2-19 
HAUL LENGTH FOR CARGO ON, 1-20 

TRUCKS 
HOUSEHOLD OWNERSHIP OF, 1-90 
INTERCITY TRANSPORT BY, 1-4, 1-18/19 
NUMBER OF, 1-13, 1-27/28 

FEDERALLY OWNED, 1-72 
BY FUEL TYPE, 1-57 
PUBLICLY OWNED, 1-73 
REGISTERED, 1-34 
AS PERCENT OF ALL VEHICLES, 1-3 

OPERATING RANGES FOR 1-58, 1-60/61 
POLLUTANT EMISSIONS FROM, 3-42 
RENTAL, 1-55/56, 1-59 
SALES OF 

CAPTIVE IMPORT, 1-37 
DOMESTIC AND Ilf>ORTED, 1-35 
BY BODY TYPE, 1-46 
BY WEIGHT CLASS, 1-44/45 

SCRAPPAGE OF, 1-32 
TMT OF, 3-41 

GROWTH PROJECTIONS ON, 3-40 
TYPES OF, 1-46, 1-54 

BY FUEL USED, 1-57 
PERCENT TRAVEL BY, 1-109/110 
BY WEIGHT, 1-55/56/57 

USE OF, 1-54 
IN INDUSTRIES, 1-55/56, 1-59 
FOR JOURNEY-TO-WORK, 1-120 

VMT FOR, 1-3, 1-16, 1-98, 1-101 
FACTORS AFFECTING DATA ON, 1-6 
AS FUNCTION OF TRUCK AGE, 1-107/108 
ON RURAL AND URBAN ROADS, 1-99 

TUGBOATS, 1-154 

URBAN AREAS 
JOURNEY-TO-WORK IN 

MODES OF, 1-118 
TRIP CHARACTERISTICS FOR, 1-119/120 

VEHICLE OWNERSHIP IN, 1-7 
PER HOUSEHOLD, 1-88, 1-90 
BY VEHICLE TYPE, 1-91/92 

ROADS IN 
VEHICLE SPEEDS ON, 1-124 
VMT ON, 1-99/100 

UNITED ARAB EMIRATES 
CRUDE OIL IMPORTS FROM, 5-21 

VANPOOLING, 4-6 
GROWTH OF Elf>LOYER-SPONSORED, 4-49 

VANS 
ENERGY INTENSITY OF, 2-37 
OWNERSHIP IN HOUSEHOLDS, 1-91/92 

VEHICLE FLEETS 
SEE ALSO AUTOMOBILE FLEETS 
CHARACTERISTICS OF, 1-70 

VENEZUELA 
CRUDE OIL IMPORTS FROM, 5-21 
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VMT (VEHICLE-MILES TRAVELED) 
FDR AIRCRAFT, 1-16, 1-137/138, 1-140 
FOR AUTOMOBILES, 1-3, 1-98, 1-101, 1-104/105, 1-111 
FOR BUSES, 1-16, 1-98/99, 1-101, 2-40 
FOR ELECTRIC VEHICLES, 4-31 
FOR MASS TRANSIT SYSTEMS, 1-98/99, 1-101, 1-103 
FOR MOTOR VEHICLES, 1-16, 1-98/99, 1-101, 1-103 
FOR MOTORCYCLES, 1-98, 1-101 
FOR RECREATIONAL VEHICLES, 1-114 
ON RURAL AND URBAN ROADS, 1-99/100 
FOR TRAINS, 1-16, 4-31 
FOR TRUCKS, 1-98/99, 1-101, 1-107/108/109 

WAGES AND SALARIES 
PAID IN SPECIFIC INDUSTRIES, 6-29 

WALKING 
USE FOR JOURNEY-TO-WORK, 1-118, 1-120 

WASTES 
CONVERSION TO TRANSPORTATION FUELS 

COST OF, 5-51 
FUEL AMOUNTS RECOVERABLE FROM, 5-23 

WATERWAYS 
SEE ALSO GREAT LAKES; INLAND WATERWAYS 
CARGO SHIPMENTS ON U.S., 1-156/157/158 
VESSELS ON 

CAPACITY, NUMBER A~D TYPES OF, 1-154 

WEIGHT 
OF CARS 

FUEL ECONOMY EFFECTS OF, 2-30/31 
SOLD IN 1975-1978, 1-36 

OF TRUCKS, 1-55/56/57 
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I\GE 
OF DRIVER 

EFFECT ON ANNUAL-MILES OF CAR 
USAGE, 98 

EFFECT OF HEAD OF HOUSEHOLD 
ON MOTOR VEHICLE OWNERSHIP AND 

USAGE, 81 
ON NEW CAR PURCHASES, 83 

OF VEHICLES OWNED BY HOUSEHOLDS 
EFFECT OF HOUSEHOLD INCOME ON, 100 
EFFECT OF NEW CAR PURCHASES, 83 

AUTOMOBILES 
DOMESTIC AND IPl'ORTED 

PERCENT OF NEW CAR MARKET IN 
1981, 84 

OWNERSHIP BY TRUCK-OWNING HOUSEHOLDS, 89 
OWNERSHIP OF 

EFFECTS OF HOUSEHOLD CHARACTERISTICS 
ON, 90 

OWNERSHIP PER HOUSEHOLD IN RURAL AND URBAN AREAS 
EFFECTS ON VEHICLE USAGE, 105 

PURCHASES OF NEW 
FORECASTS TO 1981 ON, 84 

PURCHASES OF SMALL 
EFFECTS OF 2-CAR HOUSEHOLD CHARACTERISTICS ON, 86 

SIZE OF PRESENTLY OWNED 
EFFECT ON CAR SIZE IN FUTURE 

PURCHASES, 85 
SIZE AND USE CHARACTERISTICS OF 

FORECASTS TO 1981 ON, 84 
TRIP LENGTH FOR. TRAVEL BY 

EFFECT OF SEASON AND TRIP PURPOSE ON, 111 
USAGE CHARACTERISTICS FOR 

EFFECT OF DRIVER AGE AND SEX ON, 98 
IN RURAL AND URBAN AREAS, 101, 109 

CIVIL AERONAUTICS BOARD 
RESPONSIBILITIES OF, 289 

COllfllERCIAL TRUCKS 
COllfllODITIES TRANSPORTED IN 1972 BY 

TONNAGE DATA ON, 32 

COllfllODITIES 
TRANSPORT DURING 1972 OF SPECIFIC MODES OF, 32 

TONNAGE DATA ON, 32 

CONGRESSIONAL C0"'1ITTEES 
HAVING JURISDICTION OVER TRANSPORTATION, 292 

CORPS OF ENGINEERS 
TRANSPORTATION RESPONSIBILIITIES WITHIN, 291 

DEPT. OF HOUSING AND URBAN DEVELOPMENT 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

DEPT. OF INTERIOR 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

DEPT. OF STATE 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

DRIVERS 
AGE AND SEX OF 

EFFECT ON CAR USAGE, 98 

FEDERAL MARITIME COMMISSION 
RESPONSIBILITIES OF, 289 

FEDERAL TRANSPORTATION REGULATORY AGENCIES 
RESPONSIBILITIES OF, 289 

FREIGHTERS 
INVENTORY OF OCEAN-GOING 

FOR 1970-75, 138 

GENERAL SERVICES ADMINISTRATION 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

HOME OWNERSHIP 
CORRELATION WITH MOTOR VEHICLE OWNERSHIP AND USAGE, 81 

HOUSEHOLD INCOME 
EFFECT ON 

AGE OF VEHICLE DRIVEN, lDO 
AUTOMOBILE OWNERSHIP, 90 
MOTOR VEHICLE OWNERSHIP, 81 
MOTOR VEHICLE USAGE, 81, 100 
TRUCK OWNERSHIP, 88 
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HOUSEHOLDS 
EFFECT OF AGE OF HEAD OF 

ON MOTOR VEHICLE OWNERSHIP AND 
USAGE, 81 

ON NEW CAR PURCHASES, 83 
CAR OWNERSHIP BY RURAL AND URBAN 

EFFECTS ON VEHICLE USAGE, 105 
CAR OWNERSHIP IN TRUCK-OWNING, 89 
CHARACTERISTICS OF 

EFFECTS ON CAR OWNERSHIP, 90 
CHARACTERISTICS OF 2-CAR 

EFFECTS ON SMALL CAR PURCHASES, 86 
ETHNIC AND RACIAL CHARACTERISTICS OF 

EFFECT ON VEHICLE OWNERSHIP ANO 
USAGE, 81 

GEOGRAPHIC LOCATION OF 
EFFECTS ON MOTOR VEHICLE OWNERSHIP ANO 

USAGE, 82 
IN RURAL AND URBAN AREAS 

ANNUAL CAR USAGE BY, 101 
VEHICLES OWNED BY 2-CAR 

SIZE OF, 86 

INTERSTATE COMMERCE COMMISSION 
RESPONSIBILITIES OF, 289 

INCOME 
SEE ALSO HOUSEHOLD INCOME 
OF HEAD OF HOUSEHOLD 

EFFECT ON NEW CAR PURCHASES, 83 

L I GHT TRUCKS 
M/IJOR USES OF, 51 

MARITIME ADMINISTRATION 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

MILITARY AIRLIFT COMMAND 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

MILITARY SEALIFT COMMAND 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

MILITARY TRAFFIC MANAGEMENT ANO TERMINAL SERVICES 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

MOTOR VEHICLES 
AGE OF HOUSEHOLD-OWNED 

EFFECT ON NEW CAR PURCHASES, 83 
AGE AND USAGE OF 

EFFECT OF HOUSEHOLD INCOME ON, 100 
OWNERSHIP ANO USAGE OF 

EFFECTS OF HOUSEHOLD CHARACTERISTICS ON, 81 
EFFECTS OF HOUSEHOLD LOCATION ON, 82 

HOME OWNERSHIP BY 
CORRELATION WITH MOTOR VEHICLE 

OWNERSHIP AND USAGE, 81 

NATIONAL TRANSPORTATION SAFETY BOARD 
RESPONSIBILITIES OF, 291 
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PIPELINES 
COMMODITIES TRANSPORTED BY 

1972 TONNAGE DATA ON, 32 

PRIVATE TRUCKS 
COMMODITIES TRANSPORTED BY 

1972 TONNAGE DATA ON, 32 

RACIAL CHARACTERISTICS 
OF HOUSEHOLDS 

EFFECTS ON MOTOR VEHICLE OWNERSHIP ANO USAGE, 81 

RAILWAYS 
COMMODITIES TRANSPORTED BY 

1972 TONNAGE DATA ON, 32 

REGIONAL VARIATIONS 
IN MOTOR VEHICLE OWNERSHIP, 82 
IN TRUCK OWNERSHIP, 88 

RURAL AREAS 
CAR OWNERSHIP PER HOUSEHOLD IN 

EFFECT ON VEHICLE USAGE, 105 
CAR USAGE IN, 101, 109 
MOTOR VEHICLE OWNERSHIP ANO USAGE IN, 82 

SEASON OF YEAR 
EFFECT ON CAR TRIP LENGTHS, 111 

SEX 
OF CAR DRIVER 

CORRELATION WITH CAR USAGE, 98 

SHIPS 
SEE ALSO FREIGHTERS; TANKERS 
INVENTORY OF OCEAN-GOING, 138 

SUBURBAN AREAS 
MOTOR VEHICLE OWNERSHIP ANO USAGE IN, 82 

TANKERS 
INVENTORY OF OCEAN-GOING, 138 

TRANSPORTATION JURISDICTION 
OF CONGRESSIONAL COMMITTEES, 292 

TRIP LENGTHS 
FOR CAR TRAVEL 

BY RURAL ANO URBAN HOUSEHOLDS, 101, 109 
EFFECT OF SEASON AND TRIP PURPOSE ON, 111 

TRUCK FLEETS 
SIZE DATA FOR, 53 

TRUCKS 
SEE ALSO COMMERCIAL TRUCKS; LIGHT TRUCKS; 

PRIVATE TRUCKS 
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COMMODITIES TRANSPORTED BY 
1972 TONNAGE DATA ON, 32 

MPJOR USES OF VARIOUS WEIGHT, 51 
OWNERSHIP BY HOUSEHOLDS 

EFFECTS ON CAR OWNERSHIP, 89 
EFFECTS OF HOUSEHOLD LOCATION AND 

INCOME ON, 88 
SIZE DATA FOR, 53 
TYPES OF 

PERCENT OF TOTAL TRUCK INVENTORY IN 
1967 AND 1972, 53 

U.S. GOVERNMENT 
EXECUTIVE BRANCH OF 

TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

U.S. POSTAL SERVICE 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

U.S. TRAVEL SERVICE 
TRANSPORTATION RESPONSIBILITIES WITHIN, 291 

URBAN AREAS 
CAR OWNERSHIP PER HOUSEHOLD IN 

EFFECT ON VEHICLE USAGE, 105 
CAR USAGE IN, 101, 109 
MOTOR VEHICLE OWNERSHIP AND USAGE IN, 82 

VEHICLES 
SIZE OF 

OWNED BY 2-CAR HOUSEHOLDS, 86 

VMT (VEHICLE-MILES OF TRAVEL) 
FOR CARS IN RURAL AND URBAN AREAS, 101, 109 
FOR HOUSEHOLD VEHICLES 

EFFECT OF HOUSEHOLD INCOME ON, 100 
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Volume Conversions 

To i n . J ft 3 U. S. From gal Imp. gal l i ter bbl 

in. 3 5. 787 x 10-1+ 4. 329 X 10-J 3.60S x 10-J 0.0 1639 1.031 X 10-1+ 

ft 3 1728 7 . 481 6 . 2292 28 . 32 0.1781 

U.S . gal 23 1 0. 1337 0 8327 3. 785 2.38 1 X 10-2 

Imp . ga l 277 .4 0 . 1606 I. 20 1 4 .545 2 .8S9 • 10-2 

lit'er 61. 02 3 . 531 X 10- 2 o. 2642 0. 2200 29 X 10-J 

bbl 9702 5 . 615 42 34. 972 158.97 

Mass Conversions 

To lb kg Short Long Metric 
From (avoirdupois) ton ton ton 

lb (avoirdupois) 0 . 4536 5.0 X 10-t+ 4,4643 • 10-• 4 . 5362 X 10-• 

kg 2. 205 1.1023 l( 10 -3 9. 8425 • 10-t+ 1. 0 l( 10-J 

Short ton 2000 907 . 2 0. 8929 0. 9072 

Long ton 2240 1016 1.12 1.016 

Metric ton 2205 1000 I. 102 0 . 9842 

Length Conversions 

To 
From cm in. ft yd m mile k■ 

cm 0.3937 3.281 X 10-2 1.0936 • 10-2 1.0 X 10-2 6. 21 4 • 10-• 1.0 X 10-S 

in. 2.54 8. 333 • 10-2 2 . 778 • 10- 2 2 .S4 • 10-2 1.578 • 10-5 2. S4 ,i: 10- S 

ft 30 . 48 12 o. 333 0. 3048 1.894 • 10-• 3.048 X 10-i. 

yd 91.44 36 0.9144 5 .682 X 10-• 9 .144 • 10- 11 

m 100 39. 37 3 . 281 1.0936 6 .214 • 10-t+ 1.0 X 10- 3 

mile 160,934 63,360 5280 1760 1609 1.609 

km 100,000 39,370 3281 1093.6 1000 0.6214 

Energy Conve rsions 

From 
To ft- lb kg-m hp-hr 

Metri c Btu kWhr Joule 
hp-hr 

Ft-lb 0. 138 3 5.0505 X 10-7 5. 12 • 10- 1 I. 285 • 10-J 3. 766 • 10-7 1.356 

kg-m 7. 233 3.653 • 10-• 3. 704 • 10- 6 9. 295 • 10- 3 2. 724 x 10-• 9.80665 

hp-hr l . 98 • 106 2 . 7375 X 10' 1.0139 2544 0.7457 2.C,845 " 10• 

Metric 
hp-hr l. 953 x 10• 270,000 0. 9863 2510 o. 7355 2.~ X 10' 

Btu 778. 2 107 .6 3 . 93 • 10-1+ 3. 98S )( 10-t+ 2. 931 X 10-" 1055 

kWhr 2,655 X 10• 3. 671 X 10' 1. 34 1 I. 3596 3412 3.6 w 10• 

Jou l e 0 . 7376 o. 10197 0.3725 X J0- 6 0.3777 • 10-• 0.9478 X ,o- 3 0. 2778 X 10-• 

1 quad Btu = .4724 million bbl crude per day • .1 724 bi I lion barrels crude per year 

Heat Content for Various Fuels 

Fuel oils Natural gas 

Crude 138, 100 Btu/gal Liquid 95,800 Btu/gal 

Residual 149,700 Btu/gal Wet 1 ,095 Btu/ft 3 

Distillate 138,700 Btu/ga l Dry 1,021 Btu/ft 3 

Automotive gasoline 125,000 Btu/gal Coal 

AVG/IS 124,000 Btu/ gal Anthracite 25. 4 • 106 Btu/short ton 

Jet fuel (kerosine) 135 , 000 Btu/ gal Bituminous 26 . 2 • 106 Btu/short ton 

Jet fuel (naphta) 127,500 Btu/gal Lignite 13. 4 • 106 Btu/short ton 

Diesel oil (#2) 138,700 Btu/gal (E lec tri cal generation and 
distribution efficiency) '1,30\ 

Coal products Lu br icants 144,405 Btu/gal 

Crude 1 ight oil 130,000 Btu/gal Waxes 155,~3 Btu/gal 

Crude coal tar 150,000 Btu/gal Petroleum coke 143,423 Btu/gal 

Crude petroleum 138, 100 Btu/gal Asphalt and road oil 158,000 Btu/gal 

Ethane 73,390 Btu/gal Natural gasoline and 

St i 11 gas 14 2,286 Btu/gal 
eye I e products 110,000 Btu/gal 

I Btu/ga I • 278. 7 joule/liter• 2. 787 )( 10 5 joule/ml 

I Btu/short ton,. 942.0 joule/metric ton 

•see Appendix for expanded conversion tables. 
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