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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAN!

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway administrators and engineers. i
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops mcreasmgly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordmated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national
highway research program employing modern scientific
techniques. This program is supported on a continuing
basis by funds from participating member states of the
Assocratlon and it receives the full cooperation and sup-
port of the Federal Highway Administration, United States
Department of Transportation.

The Transportauon Research Board of the National Re-

search Council was requested by the Association to admin-

ister the research program because of the Board’s recog-
nized objectivity and understandlng of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation sub]ect

may be drawn; it possesses avenues of communications and-

cooperauon with federal, state, and local governmental
agencres umversrtres and industry; its relationship to its

parent orgamzatron the National Academy of Scrences a

private, nonproﬁt institution, is an insurance of ob]ectrvrty,
it mamtams a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings

of. research dlrectly to those who are in a position to use
them.

The program is developed on the basis of research needs
identified, by chief administrators of the highway and trans-
portation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included
in the program are proposed to the Academy and the Board
by the American Association of State Highway and Trans-
portatlon Officials. Research projects to fulfill these needs
are defined by the Board, and qualified research agencies
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are
respon31b111t1es of the Academy and its Transportatron
Research ' Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportatlon
problems of mutual concern to many responsible groups.
The program, however, is intended to complement rather
than to substitute for or duplicate other highway research
programs.

Often, highway

NCHRP Synthesis 43

Project 20-5 FY 75 (Topic 7-05),
ISBN 0-309-02545-1
L. C. Catalog Card No. 77-93889

Price: $4.80

thice_

The project that is the subject of this report was a part of the
National Cooperative Highway Research Program conducted by the
Transportatron Research Board with the approval of the Governing
Board of the National Research Council, acting in behalf of the
National Academy of Sciences. Such approval reflects the Governing
Board’s judgment that the program concerned is of national impor-
tance and appropriate with respect to’ both the purposes and re-
sources of the National Research Council. "

The members of the technical committee selected to monitor this
project and to review this ‘report were chosen for recognized
scholarly competence and with due cons:deratnon for the balance
of 'disciplines appropriate to the project. " The opinions and con-
clusions expressed or rmphed are those of the research agency that
performed- the fesearch, ‘and, 'while “they have been accepted as
appropriate by the technical committee, they are not necessarily those
of the Transportation Research Board, the National Research Coun-
cil, the National Academy of Sciences, or the program sponsors.

Each teport is reviewed ‘and processed’ accordmg to procedures
established and monitored by the Report Review Committee of the
National Academy of Scrences Distribution of the report is ap-
proved by the President of the Academy upon satisfactory comple-
tion of the review process.

The National Research Council is the prmcrpal operating agency of
the Natronal Academy of Sciences andthe National Academy of
Engmeermg, serving govemment and other organizations., The
Transportation Research Board evolved from the 54-year-old High-
way Research Board. * The TRB incorporates all former HRB
activities ‘but ‘also ‘performs additional functions under a broader
scope involving all modes of transportatlon and theé interactions of
transportauon with society.

Published reports of the
NATIQNAJL (;OOPERATIVE HIGHWAY RESEARCH PROGRAM
are available from:

Transportation Research Board
National Academy of Sciences
2101 Constitution Avenue N.W.
Washmgton D.C. 20418

Printed in the United States of America._



PREFACE

FOREWORD

By Staff
Transportation
Research Board

There exists a vast storchouse of information relating to nearly every subject of
concern to highway administrators and engineers. Much of it resulted from research
and much from successful application of the engineering ideas of men faced with
problems in their ‘day-to-day work. Because there has been a lack of systematic
means for bringing such useful information together and making it available to the
entire highway frateinity, the American Association of State Highway and Trans-
portation Officials has, through the mechanism of the National Cooperative Highway
Research Program, authorized the Transportation Research Board to undertake a
continuing project to search out and synthesize the useful knowledge from all pos-
sible sources and to prepare documented reports on current practices in the subject
areas of concern.

This synthesis series attempts to report on the various practices, making spe-
cific recommendations where apptopriate but without the detailed directions usually
found in handbooks or design manuals. Nonetheless, these documents c¢an serve
similar purposes, for éach is a compendium of the best knowledge availablé on
those measures found to be the most ‘successful in resolving specific problems. The
extent to which they ‘are utilized in this fashion will quite logically be tempered by
the breadth of the user’s knowledge in the particular problem area.

This synthesis will be of special interest and usefulness to transportation planriérs,
administrators, and others seeking information on fuel efficiency and conservation
in transportation. Detailéd information is presented on cnergy éfficiencies for both
passenger and freight transportation modes.

Administrators, engineers, and résearchers are faced continually with many
highway problems on which much information already exists eithér in doctimented
form or in terms of undocumented experience and practice. Unfortunately, this
information often is fragmented, scattered, and unevaluated. As a conseqﬁ'encé‘
full information on what has béén learned about a probléem frequently is ‘not
assembled in seeking a solution. Costly tesearch findings may go unused, valuable
experience may be overlooked, and due consideration may nét be given to recom-
mended practices for solvmg or allev1atmg the problem. In an effort to correct this
situation, a continuing NCHRP project, carried out by thé Transportation Research
Board as the research agency, has the objective of synthesizing and reporting on
common highway problems. Syritheses from this endeavor constitute ari NCHRP
report series that collects and assembles the various forms of information irito single



concise documents pertaining to specific highway problems or sets of closely related
problems.

Conservation of energy used for transportation is of vital concern to the nation.
This report of the Transportation Research Board details the efficiencies of various
vehicles and modes for both passengers and freight under various conditions.
Modes considered include highway, bus, rail, air, water, bicycle, and pipelines. The
potential impacts of alternatlve energy-conservatlon options are evaluated, and
research needs are identified.

To develop this synthesis in a comprehenswe manner and to ensure inclusion
of significant knowledge, the Board analyzed available information assembled from
numerous sources, including a large number of state highway and transportation
departments. A topic panel of experts in the subject area was established to guide
the researchers in organizing and evaluating the collected data, and to review the
final synthesis.report.

This synthesis is an immediately useful document that records practices that
were acceptable within the limitations of the knowledge available at the time of its
preparation. As the processes of advancement continue, new knowledge can be
expected to be added to that now at hand.
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SUMMARY

ENERGY EFFECTS, EFFICIENCIES, AND
PROSPECTS FOR VARIOUS
MODES OF TRANSPORTATION

National concern recently has been focused on energy consumption and conserva-
tion. A major area for potential energy savings is transportation, which accounts for
one-quarter of the total energy and one-half of the petroleum used in this country.
Consumption of energy for transportation includes various modes of passenger travel
and of freight movement. The energy use of each mode has many dimensions.
Comparisons of modes should be made on a common basis, and full consideration
should be given to all aspects of the modal-system energy use. Some of the factors
that must be considered are load factor, circuity, empty backhauls, speed, nature of
cargo, safety, costs, social acceptance, and all-weather characteristics.

The demand for passenger transportation is relatively price inelastic, because
a large portion is considered essential travel. The cost or value of time, however, is
an important element in a traveler’s choice of mode. The value of time varies with
trip purpose and income level but is usually high enough so that changes in fuel costs
have only a small effect on transportation operating costs. Thus, neither fuel econ-
omy nor energy intensiveness is or will be the sole factor in choice of passenger
transportation modes unless the price of energy becomes so large as to dominate all
other costs.

Automobile travel comprises the predominant use of energy for passenger
transportation. Reductions in automobile fuel consumption may be realized through
modifications in design or changes in use. Current energy intensiveness of auto-
mobiles ranges from 2,310 to 7,400 Btu/passenger-mile (1.51 to 4.85 MIJ/
passenger-km), depending on trip purpose, vehicle fuel economy, and occupancy
rate. :
Bus efficiency ranges from 743 to 2,681 Btu/passenger-mile (0.49 to 1.76 MJ/ .
passenger-km), depending on type of bus, type of trip, and occupancy rate. Only
modest improvements can be expected in the fuel economy of buses.

Rail passenger service may become more efficient as service becomes concen-
trated in corridors (such as Boston-Washington). Substitution of electrified lines
for diesel could save petroleum. Regenerative braking and lighter designs may also
increase efficiency. Current energy consumption for rail passenger service varies
from 1,646 to 3,533 Btu/passenger-mile (1.08 to 2.32 MJ/passenger-km), de-
pending on type of service and occupancy rate. The greatest potential for increas-
ing the efficiency of this mode lies in increasing load factors.

Air passenger service by certificated carriers averages about 7,800 Btu/
passenger-mile (5.1 MJ/passenger-km). Specific intensity of a flight depends on
plane type, stage length, and load factor. The greatest potential for increasing the
efficiency of air passenger service also lies in increasing load factors.

Bicycles are the most efficient means of passenger transportation, requiring
even less energy than walking (less than 100 Btu/passenger-mile—64 kJ/passenger-



km). The bicycle is still a very small part of passenger transportation, however, and
its use is not likely to increase significantly.

Water passenger transportation is primarily recreational, and any reduction in
its energy use would most likely come from reduced use or substitution of sails for
engine power. ' '

Freight transportation currently consumes about 28 percent of transportation
energy; however, this may be greater in the future. When comparing efficiencies of
various modes of freight transportation, it is not enough to compare ton-miles per
gallon. Attention also should be given to such items as trip length; transport time;
commodity value, perishability, and fragility; freight density; and manufacturing
flow processes. Comparisons should be made only if the data address the same
markets and are related to the performance of the same transportation job.

Data on truck fuel efficiency vary considerably. Intercity combination trucks
have an average efficiency of about 2,700 Btu/ton-mile (2.0 MJ/t-km), and single-

" unit trucks average about 8,000 Btu/ton-mile (5.8 MJ/t-km).

Average rail-freight efficiency is about 675 Btu/ton-mile (0.49 MJ/t-km).
Increased rail electrification should save petroleum, and future electric locomotives
should also save energy.

Air freight is efficient when the belly capacity of scheduled passenger aircraft
is used—about 3,100 Btu/ton-mile (2.2 MJ/t-km). An all-cargo plane is much
more energy intensive—27,000 Btu/ton-mile (19.5 MJ/t-km).

Water freight primarily handles raw materials and bulk commodities. Water
carriers are very energy efficient. Energy intensiveness of domestic carriers is
estimated at about 650 Btu/ton-mile (0.47 MJ/t-km).

Data on the energy intensity of pipelines are lacking. Estimates based on
limited data indicate energy efficiency of about 550 Btu/ton-mile (0.40 MJ/t-km)
for all petroleum product pipelines, although values for large-diameter pipelines
may be somewhat lower. .

Opportunities for reducing transportation energy fall into five -categories:
(1) shift to more efficient modes, (2) increase load factors, (3) reduce demand,
(4) increase energy conversion efficiency, and (5) improve use patterns.

Improving highway vehicle efficiency will be the most important option in the
next decade for three reasons: the savings potential is greatest, efficiency gains will
have little impact on service quality, and implementation can reduce total cost of
transportation.

Load factor improvements are also important. Although inconveniences might
make them unattractive for many users, such improvements could be implemented
quickly with little or no capital costs and could add significantly to energy efficiency.

Operational improvements in.use patterns and declines in growth rates will
reduce energy consumption. Modal shifts offer theoretical savings, although they
are not likely to be induced by fuel price increases.

Knowing what actions will conserve energy is not the same as making them
happen. Transportation generally represents a small percentage of the total costs of
goods and services, and energy is a small percentage of transportation costs; thus,
the demand for transportation energy is price inelastic. Conservation measures for

~ the private automobile are most critical, because automobiles use 55 percent of total
transportation energy. To conserve energy, automobiles must not only be made
more efficient, they must be used more effectively. Policies are needed to make
conservation practices more attractive to individuals.

Research is needed to obtain more accurate data on fuel use, vehicle-miles
traveled, automobile occupancy, and passenger-miles on public transit. Modal aver-



ages for energy consumption can be misleading when one is trying to determine the
effects of modal shifts; more study is needed in this area. Most compelling is the
need for research on implementation policies that will effect transportation energy

conservation.

Conclusions of this synthesis include the following:

® Great care needs to be exercised in comparisons of the energy intensity of
one mode with that of another. Emphasis should be on the mode’s efficiency in
performing the particular job or service.

® Producing and using more efficient modes of transportation do not neces-
sarily mean using less energy. :

® Energy conservation gains of more efficient automobiles may be offset by
increased use unless an effort is made to pfomote more responsible use.

® The effects of technological improvements in fuel economy are 5 to 15 years
away; early conservation depends on better use of existing technology.

CHAPTER ONE .

INTRODUCTION

BACKGROUND AND SCOPE

National concern has been focused on energy consumption
and conservation. One-quarter of the nation’s energy use
and one-half of its petroleum consumption are devoted to
transportation. Thus, significant energy and petroleum sav-
ings can be realized through improved fuel efficiency and
conservation in transportation. A large body of literature
is available and has been examined in the preparation of
this synthesis, which documents the efficiency of various
transportation vehicles under various conditions and in-
cludes the specifics of circumstance, assumptions, and
sources. The synthesis addresses the prospects of achiev-
ing such efficiencies for the various transportation modes
evaluated. ] :
In recent years a number of papers concerning the trans-
portation energy sector and the energy efficiencies of the
various transportation modes have been written. Many of
these papers focus on specialized portions of the problem,
such as urban passenger transportation or intercity air
transportation. This report is a synthesis of the work of
- many others and presents an encompassing view of trans-
portation’s use of energy. The emphasis is on information
regarding transportation energy use and conservation po-
tential, not on the implementation policies necessary to
achieve this greater conservation. Neither does this docu-
_ ment address the need for energy conservation, because the
case is already well stated in the Federal Energy Adminis-
tration’s “National Energy Outlook” (I).

TRANSPORTATION VS. OTHER ENERGY USERS

In 1973, one-fourth of the total gross energy consumption
in the United States was expended in the transportation
sector, primarily for automobile and aircraft trip-making.
In the nontransportation sector, space heating and process
steam accounted for 18 and 16 percent, respectively, of the
total gross energy consumption in 1973. Figure 1 shows
a breakdown of the U.S. gross energy end uses by various
use categories. Figure 2 shows U.S. gross energy consump-
tion by sector for the years 1960 to 1975. Table 1 gives
U.S. energy consumption trends from 1850 to 1976. The
rapid growth in petroleum use resulted mainly from auto-
mobile use; it can be observed from Figure 3 that in 1976
approximately 70 percent of transportation’s use of energy
was in the form of gasoline. Energy consumption and
energy demand for various use categories have been such
that if past trends were to continue without any abatement,
total enérgy consumption would increase to approximately
123 X 10 Btu (130 X 108 J) by 1985. (A list of energy
equivalents and energy-conversion factors is contained in
Appendix A and Table A-1.)

COMPARATIVE ENERGY USE BY VARIOUS MODES

Figure 4 and Table 2 summarize total direct transportation
energy (TDTE) consumption in 1972. Through calcula-
tion of an energy coefficient for each sector of the U.S.
economy, it has become possible to apply input-output tech-
nique§ to estimate the indirect energy costs associated with
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various forms of economic activity (3). Figure 5 (based TABLE 1

on 1963 and 1967 factors) shows that where indirect uses 5 ENERGY CONSUMPTION TRENDS,
are included, transportation accounts for more than 40 per-  1850-1976 (10 BTU)*® (2)

cent of total energy consumption. These indirect energy

; ; e NATURAL  HYDRO-
flows are attributed chiefly to the following: . YEAR  COAL PETROLEUM  GAS  POWER  NUCLEAR FUEL WOOD TOTAL

® Refining and distribution losses of transport fuels.

e Manufacture and maintenance of vehicles and equip- 1850 2 oL B i ) 2.1 2.3
ment. 1900 6.8 2 3 3 - 2.0 9.6

® Construction, operation, and maintenance of fixed 1950 12.9 13.5 6.2 1.4 - 1.2 35.2
transportat‘lon-related facilities, such as highways, airports, .. . . ., 12.7 7 ) ) .6
truck terminals, tracks, and ports. : . .

1970 12,7  29.5 22.0 2.7 .2 - 67.1

Accorfllngly, a large 'share of the savings required in the o7y 1.0 306 22.8 2.9 4 R 68.7
total national conservation effort must come from the trans-
portation sector, directly and indirectly, especially from 1972 2.4 33.0 23.0 2.9 -6 ) n.s
the automobile, which represents the largest fuel consumer. 1973 13.4  34.7 22.8 2.9 -9 - 74.7
In fact, the Energy Policy and Conservation Act of 1975 1974 137 33.4 21.7 3.3 1.2 R 72.9
established mandatory average-fuel-economy standards ap- c

. . . 1975¢  12.8  32.7 19.9 3.2 1.8 - 70.6
plicable to each automobile manufacturer. The act required c
that the average fuel economy for passenger automobiles 1976+ 13.7 34.9 20.2 3.1 2.0 - 74.0

manufactured by any manufacturer in any model year after  2;015g¢y = 500,000 barrels petroleum per day for a year
midyear 1977 shall not be less than the values given in .= 40 million tons of bituminous coal

. e 1 trillion cubic feet of natural gas
Table 3. (The act contains some variations from the values 100 billiop ki (based on a 10,000-Btu/kWh heat rate)

in the table) bData fY‘O:I leosgax 10 jm”es
Table 4 gives the energy and service trends from 1947 to  ©Data from Ref. 57.

1975 and projections (made prior to the 1973 Arab oil tEstimated.

embargo) of transportation industry activity for the period

1980 to 1990 using a 1972 base year.

Table 5, from Federal Highway Administration data (6), ; ‘;‘02‘7”'
gives a detailed summary of U.S. highway fuel use yearly Liquefied Gases y
from 1919 to 1975. Natural Gas 108 (1%2)

The Department of Transportation report on energy sta- 582 (3%)

tistics provides more detail (see Tables 6, 7, 8, and 9) on
fuel consumption levels for the various transportation .
modes. l]);lllty Electricity

Lubes & Waxes
PROBLEM AREAS AND CONCERNS 164 1%

. . . . Residual Fuel
The energy intensity of various modes of transportation has 798 . (4%)

many dimensions. To avoid the improper comparison of
data, when the energy intensity of one mode is compared
with that of another, the comparison should be made on
a common basis and full consideration should be given to
all aspects of the modal system energy use. One must keep
in mind that transportation vehicles must move not only.
themselves but also their contents. Thus, such operational
considerations as load factor, circuity, empty backhauls, ; )
and speed are inherent in the energy intensity of any trip Figure 3. U.S. net transportation energy consumption, 1976 estimate 10” Btu
or_shipment. In addition, the energy required to manu- (total net energy consumption: X10% Btu) (57).

facture and maintain the modal infrastructure can be

Distillate
2,216

Gasoline
13,440

substantial.

Another fact not to be overlooked is that the nature of There are other factors that dictate why one mode is
the cargo may dictate the choice of transportation mode. sometimes chosen over another mode that is theoretically
For example, very lightweight, expensive cargo generally superior in energy efficiency. The mode chosen may be
is moved more readily by air and truck, and very heavy, more frequent, more convenient, faster, safer, superior in
dense, low-unit-cost cargo generally is moved more readily time requirements, more affordable, more socially accept-
by rail or barge. The consideration of energy alone may able, or better in terms of all-weather characteristics. In
not be the appropriate operational basis for making a some cases, a mode may be chosen because no alternative

decision on how to move cargo. is available.



TABLE 2

DIRECT TRANSPORTATION ENERGY AND RELATED CONSUMPTION
BY MODE AND PURPOSE, 1972 (4)*

Percent of Total

Thousand Barrels Per Day - Quadrillion Transportation
‘Gasoline . Distillatet Other BTU’s Energy
Highway
Passenger Cars )
Private (Personal Use) 3,886.0 - - 7.46 . 42.96
Commercial and Other 870.8 - - 1.67 9.63
Total 4,756.81 . - - 9.13 52.59
Single Unit (Light Trucks) ,
Private {Personal Us») 669.1 ’ ) 1.29 7.40
Commercial§ 705.3 31.9 - 142 8.15
Government 329 .2 = .06 .36
Total 1,407.3 - 3201 - 2.77 15.91
Combination (Heavy) Trucks ‘
Commercial § 69.4 483.0 - 116 6.11
Government .9 6.2 - .01 .0_7_
Total . 703 489.2 - 1.17 ' 6.18
Buses
School . 20.4 4 - .04 .23
Urbzn 2.0 18.8 1.6l .05 .25
Iritercity 3.0 12.1 = .03 .16
Total 24.4 31.3 - A2 .64
Motoreycles 223 -~ = .04 .25
Total Highweays 6,231.0 552.6 1.6 :
- , 6,835.1 13.23 ) 75.57
Airwavs - T
Airlines
Scheduled -~ 670.0 - 1.39 7.41
Supplemental - 6.0 = .01 .07
Total _ ' - 676.0 - 1.40 7.48
Gernieral Aviation 46.0 37.0 - A7 .92
¥ititary o - 288.0= - 57 3.18
Factory and Misceilaneous - 20.0 - .04 22
Total Airways 46.0 1,021.0 -
1.067.0 218 11.80
Raitways - 247.3 3.4 .53 2.77
— 8tt - - .01
Total Railways - 243.1 3.1
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TABLE 2 (continued)

Percent of Total

Thousand Barrels Per Day Quadrillion Transpottation
Gasoline  Distillatet Otheir BTU's/Year Energy
Waterways
Private and Commercial 448 65.¢ - .23 1.22
Commercial ‘
AtPort . - - 41.0 .09 .45
At Sea ' - - 196.0 45 2.18
Total Waterways 44.8 65.9 237.7 - - -
I — 348.4 .77 3.85
Urban Public Transit
(Nonhighway)t1
Rapid Transit - - 3.4 .01 .04
Surface Railway - - 2 — -
Trolley Coach : - - 2 - -
Total UPT - - 3.9 __.01 . .04
Pipeline . '
Total Pipeline - 167.9%% 371088 - -
R — 538.9 1.15 : 5.96
Total Transportation Energy 6,371.8 2,055.5 617.3 '_‘ T
9,044.6 17.86 100.00
Miscellanecus . - -
Farm Equipmentllf 134.0 144.0 - .56 -
Construction Equipm:ent 45.0 281.0 - .69 -
Utility Engines## 22.0 - - .04 -

- Snowmobiles ‘5.0 = - 01 ‘ -
Race Cars .5 - - ° - =
Total Miscellaneous ' 206.5 425.0 - -

631.5 : 1.30
GRAND TOTAL 6,578.3 2,480.5 617.3 -

9,676.1 19.16

*Data may not agree wiith Bureau ot Mines data as some volumes are estimated and some are based on Federal Highway
Administration or tax data which could include changes in secondary inventories.
tDistillate as used includes the full range of middie distillate oils including diesel fuels, kerosine jot fusl, marine diese!
_ and also naphtha jet fuel.
}Due to the necessity of using data as described in footnote (*), this volumie and the recpzetive BTU value doss not pre-
cisely agree with the values shown by the Patterns of Consumption/Energy Demand Task Groun.
§Private business and {cr hire.
IPropane.
#242,000 barrels per day naphtha jet fue!; 4G,000 barreis per day kerosine jet fuel.
**Residual oil. . )
++Electricity converted to distillate equivalent,
} 1 Liquids pipeline fuels converted to distillate equivalen®.,
§ § Natural gas pipeline fuels converted to disiiilate equivalent.
{HIFuel for motive purposes.
##Small horsepower engines, lawnmowers, tillérs, etc,



URBAN PUBLIC TRANSIT (Less than 1%) RAILWAYS (3%)

AIRWAYS (12%) PIPELINES (6%)
HEAVY TRUCKS* .

WATERWAYS (4%) AND BUSES (7%)

CARS AND LIGHT TRUCKS (68%)" -
cat e *Truck
Combinations

Figure 4. Components of direct transpbr!ation energy, 1972 (4).

NON- TRANSPORTATION

One must therefore be very careful in interpreting data
presented on this subject. It is important to examine not
only the basic energy efficiencies but also the operational
factors and other considerations that apply.

TABLE 3

AVERAGE FUEL ECONOMY FOR PASSENGER
AUTOMOBILES BY MODEL YEAR*

Average Fuel Economy Standard

Model Year

(miles/gallon)  (km/litre)
1978 18.0 7.7
1979 19.0 8.1
1980 20.0 8.5
1981-1984 b b
1985 and 27.5 1.7
thereafter

57.3%

*TDTE - Total Direct Transportation Energy

@ As established by the Energy Policy and Conser-
vation Act of 1975.

b Determined- by the Secretary of Transportation.
.The Secretary has some leeway in determining .
the post-1980 standard but generally is
required to set standards toward improving the
1985 goal. See Act for details.

Figure 5. Distribution of total national energy consumption (based on 1967 input-
output data). (Sources: (4); total national energy consumption is given as
58.265 X 10% Btu by U.S. Dept. of Interior (46); direct energy consumption per-
centage is from the Rand Corp. (47) except that oil-pipeline energy was adjusted
to 660 Btu/ton-mile. Indirect energy consumption was calculated from coefficients
given in Ref. (3) by multiplying by industry sales from Ref. (48) or modal

revenues from Ref. (49).)



TABLE 4

TRENDS AND PROJECTIONS OF TRANSPORTATION INDUSTRY ACTIVITY,

1947-1990 (FROM 1972 BASE) (5)

PRE-EMBARGO PROJECTIONS

Transportation component Unit of measure 1947 1958 1965 1970 1972 1973 1974 1975 1980 1985 1930
GNP Billions of 1958 constant dollars 310 447 614 723 791 1,090 1,300 1,550
1 Billions of 1971 constant dollars 439 633 870 1,020 1,120 1,540 1,840 2,200
Population Thousands 145,000 175,000 194,000 205,000 209,000 209,700 211,200 212,800 224,000 236,000 247,000
Aviation:
Domestic passenger Billion passenger-miles 7.6 27.9 57.9 110 123 126 130 NA 207 280 372
International passenger Billion passenger-miles 1.4 4.6 12.6 27.6 34.3 35.6 330 67.0 97.5 138
Domestic freight Million ton-miles 116 702 2,010 3,410 3,690 8,500 14,300 24,100
International freight Million ton-miles NA NA NA NA NA NA NA NA
Miscellaneous Million ton-miles NA NA NA NA NA NA NA NA
General aviation:%
Business aircraft Million hours flown 1.97 5.70 5.52 7.08 7.63 8.6 9.1 NA 1.0 13.8 17.3
Personal aircraft Million hours flown 2.62 2.37 4.02 6.81 8.40 7.5 8.4 NA 9.8 n.7 14.2
Government civilian aircraft  Million hours flown NA NA .62 .89 1.06 1.4 1.9 2.4
Other aircraft Million hours flown n.21 3.58 4.63 8.97 9.62 12.0 140 16.6
Railroads:
Passenger3 Billion passenger-miles 46.8 23.6 17.6 10.9 8.6 9.3 10.3 9.6 9.6 1.1 ] 156%
Freight Million ton-miles 665,000 $59,000 709,000 773,000 784,000 851,809 850,961 752,816 919,000 1,030,000 1, GO’NA
Other Million ton-miles NA NA NA NA NA NA NA
Auto travel Million vMT's? 303,000 555,000 732,000 973,000 1,080,000 1,016,861 990,721 1,028,121 1,350,000 1,510,000 1,680,000
Motorcycle 19,594 22,347 22,351
Truck
For hire:
Intercity Million ton-miles 45,100 96,300 154,000 220,000 258,000 272,500 287,000 301,500 374,000 444,000 527,000
Local Million ton-miles 4,500 5,490 7,890 9,740 11,400 11,850 12,300 12,750 15,000 17,400 20,500
Miscellaneous Million ton-miles NA NA NA NA NA NA NA NA - NA. NA NA
Private:
Intercity Million ton-ml1es 19,600 81,600 111,000 130,000 134,000 138,750 143,500 148,250 172,000 205,000 244,000
Million VMT's NA NA 15,800 18,300 18,200 18,710 19,220 19,730 22,300 26,200 30,900
Local freight Million ton-mlles 22,600 36,400 63,800 59,700 58,100 61,030 63,960 - 66,890 81,500 96,800 114,000
Million VMT's NA NA 18,900 17,600 17,100 17,960 18,820 19,680 24,000 28,500 33,600
Nonfreight, private Million VMT's4 NA NA 78,300 86,200 ]09.000 105,500 111,000 116,500 144,000 171,000 205,000
Government trucking Million VMT's 2,930 4,930 8,580 10,800 17,800 12.490 13.180 13.870 17,300 20,800 25,200
Buses: .
Intercity Billion passenger-miles 24.8 20.8 23.8 25.3 25.6 26.4 27.6 25.6 30.4 33.9 38.0
Miscellaneous and freight " - 234 i qgo . géo . 290 NA NA N NA NA NA NA
School Million VMT's L , , 2,412 2,450 2,500
Other Million VMT's4 87 207 246 471} 2,520 2,330 2,470 2,610
Urban transit:
Transit Million passengers 18,300 7,780 6,800 5,930 5,270 5,294 5,606 5,626 7,740 9,810 11,900
Taxicabs Million passengers NA NA NA NA NA NA NA NA NA NA
Domestic water:
Passenggr Mitlion passenger-miles NA N NA NA NA NA NA NA
Freight Million ton-miles 385,000 452,000 504,000 622,000 631,000 703,000 802,000 917,000
Miscellaneous NA NA NA NA NA NA NA NA
Commercial fishing NA NA NA NA NA NA NA NA
Private inboard NA NA NA NA NA NA NA NA
Private outboard NA NA NA NA NA NA NA NA
Overseas water:
Passenger Thousand passengers 650 1,220 1,650 1,730 1,750 1,550 1,300 1,060
Freight and miscellaneous NA NA NA NA NA NA NA NA
pipeline:’
Intercity Million ton-miles 117,000 235,000 339,000 478,000 529,000 730,000 856,000 1,000,000
Miscellaneous NA NA NA NA NA NA NA NA
Transportation services NEC NA NA NA NA NA NA NA NA

includes armed forces abroad and excludes Puerto Rico.
Excludes air taxi service.
3Includes all class I and class II rail travel.
VMT indicates vehicle-miles traveled.
Includes all class I, class II, and class IlII intercity bus travel.
Includes an adjustment for circuitous water routings for coastwise traffic and excludes intraterritory traffic.
Includes an adjustment for petroleum movements between storage tanks and ports of export
Note: NA indicates not available.

Sources:

projections based on DOT input/output model. Data for 1973-75 supplied by FHWA.

Historical data based on various Federal Government reports and other estimates, adjusted for consistency;



TABLE 5

SUMMARY OF U.S. MOTOR FUEL USE FROM 1919-1975* (IN THOUSANDS OF GALLONS) (6)

PRIVATE AND COMMERCIAL (EE PUBLIC UBE (GASOLINE) 2/ SUGARY OF TOTAL BB S
AIEAY m’g\m TOTAL
HIGIMAY NOH- : R QUANTITY
YEAR (FEDERAL HIGHAY SPECTAL GALLONS EVAPO- CONSUMED YeAR
HIGHMAY NOH- TOTAL CIVILIAN, TOPAL ums PER - RATION, IN UNITED
RIGHIAY STATE, 533,}‘;' GASOLTNE (rRrvae TOTAL REGISTERID HIGHIAY TOTAL HADLING, Stz
CQuarTY, MOTOR : -C.
oy | e COMGERCIAL) VERICLE (GASOLINE)
(1) (2) (3) (5) () (6) (] (8) 9) (10) (1) (12) 13) v)
1919 2,605,200 75,030 66,800 - 66,800 - - 2,672,000 353 75,030 2,747,030 - 2,7%7,0 1
1920 3,264,023 102,164 3 366.1%0 977 - 81,977 - - 3,36,000 362 102,164 3,148,164 - 3.“5.13 1&
192 3,840,954 129,824 3,970,778 94,046 - 94,046 - - 3,935,000 375 129,824 4,064,824 - 4,064,824 1921
1922 4,727,722 173,035 4,900,756 13,279 - 13,279 - - 4,841,000 39% 173,035 5,014,035 - 5,014,035 1922
= iBS | mE | 3 | BB | B : : a2 E | osE | | mE |z
1925 8,556,558 39k 850 8,951,448 192,517 - 192,517 - - 8,749,075 436 39k 850 9,143,965 s 5/103,965 1095
1926 9,848,668 488,210 10,336,878 215,283 - 215,283 - - 10,063,951 453 188,210 10,552,161 - 10,552,161 1926
1927 11,092,864 605,570 11,699,434 237,462 - 237,462 - - 1.331,326 u86 605,570 11,936, - 11,936,8 1
1928 12,106,219 728,822 12,835,041 255,241 - 255,241 - - 12,361,460 501 728.!5322 13 390% - 13 ggozgg 1%
1929 3/ | 13,858,382 m,735 14,770,117 280,919 - 280,919 - - 14,139,301 529 9,735 15,051,036 - 15,051,036 1929 3/
1930 14,450,164 1,023,796 15,477,960 299,747 - 299,747 - - 14,753,911 552 1,023,79% 15,777,707 - 15,777,707 1930
1931 15,149,145 1,164,599 16,313,748k 307,517 - 307,517 - - 15,456,662 592 1,164,599 16,621,261 90,438 16,711,699 1931
1932 18,012,600 1,088,189 15,100,789 326,551 - 326,551 - - 14,339,151 588 1,088,189 15,427,340 89,317 15,516,717 1932
1933 13,998,958 1,019,753 15,018,711 49,1 - 349,194 - - 1b,348,152 5% 1,019,753 15,367,905 114,839 15,482, 764 1933
1534 15,033,999 1,086,697 16,120,696 380,897 2,02 402,109 - - 15,414,896 610 1,107,909 16,522,805 » 16,725,585 1934
1935 15,919,281 1,209,663 17,128,944 k25,16 35,933 461,349 - - 16,314,697 616 1,245,596 17,590,293 216,899 17,807,192 1935
1936 17,640,917 1,359,528 19,000,445 458,221 , 499,216 - - 18,099,1. [3 1,400,52 19,499,661 237, 19,737, 1936
1937 18,973, 1,549,100 20,522,119 181,836 b .591?59 523,755 - - 19,&??,2:;% 62’51 1,591 .023 ze ,Dz,hvh 229,2;; 2? .gs % 1337
1938 19,110,356 1,592,164 20,702,520 501,287 49,036 550,323 - - 19,611,643 658 1,641,200 21,252,843 325,6 21,578,479 1938
i-gllig g.tp,,gig i,&.g g.glt.ﬂoS %g.ag 2-32‘81 gﬂ.kﬁg - - 20.71'*.322 % 1.;2".656 22.22.983 g’z’*.% 22,853,637 1939
JB17, 906, ,324,299 583,5: R s - - 22,001, 3 1,967,349 23,968,705 S5 24,334,514 1
1941 23,637,867 2,074,864 25,712,731 554,530 162,180 76,10 - - 24,192,397 693 2,237, 26,1429, 41 290,677 26,7%0,118 1;‘1)
1942 19,472,813 2,358,100 2,830,913 467,074 140,938 608,012 - - 19,939,887 6ol 2,499,038 2,438,925 253,572 22,692,497 1942
1943 15,668,249 2,527,M3 18,195, 336,001 10,810 Lhs, 811 - - 16,004,250 518 2,638,523 18,642,773 228,649 18,87 k22 1943
1944 16,089,547 2,747,614 18,837,14 340,120 114,765 45,886 - - 16, 539 2,862,379 19,292,047 231,505 19,523,552 194k
1945 18,797,970 2,777,567 2,575,537 350,998 120,192 471,190 - - 19,148,968 617 2,897,759 22,046,727 257,028 22,303,755 1945
1946 25,269,041 3,112,859 28,381,900 379,957 1k,689 gk, 6L6 - - 25,648,998 13 3,227,5 28,876,546 324,919 29,201,465 1946
1947 27,714,492 3,315,333 31,029,825 501,213 149,463 650,676 - - 28,215,705 746 3,u654,796 31,680,501 355,385 32,035,886 1947
1948 29,908,912 3,706,859 33,615,771 551,729 161,647 73,376 - 30,460,651 U1 3,868,506 34,329,147 377,812 34,706,959 1948
1949 3,857,123 3,850,177 35,697,300 581,102 168,844 749,946 32,010,871 427,354 32,438,225 726 4,009,021 36,147,246 3%,27 36,852,463 1949
1950 35,042,559 3,999,121 39,041,680 619,164 178,545 797,709 35,124,800 536,923 35,661,723 725 4,177,666 39,839,389 L4g,001 50,288,390 1950
1951 37,489,152 4,160,307 1,649,459 649,625 184,704 834,329 37,430,684 708,093 38,138,717 735 4,345,011 12,483,788 477,367 42,961,155 1951
1952 39,910,334 4,258,266, »168, ,385 194,540 880,925 39,760,208 836,511 40,59, 719 762 4,k52,806 u5,0L9,525 1568 45,538,093 1952
1953 12,020,542 b, 1AL, 652 6,165,184 725,339 204,548 929, 41,805,845 940,036 42,745,881 760 4,649,190 47,395,071 508,756 47,903,827 1753
1954 43,579,378 4,530,857 48,110,235 787,085 222,5% 1,009,681 43,319,266 1,047,197 Uk, 366,463 758 4,753,453 49,119,916 516,731 49,636,647 1954
1955 6,914,652 4,602,738 51,517,390 817,082 231,783 1,048,865 46,527,057 1,204,677 47,731,734 761 4,834,521 52,566,255 551,175 53,117,430 1955
1956 49,366,531 4,690,961 54,057,492 8ug,070 2uh,387 1,093, 48,805,145 1,410,457 50,215,602 m 4,935,348 55,150,950 561,263 55,712,213 1956
1957 50,953,894 4,827,338 5,761,232 912,183 262,621 1,174,804 50,229,696 1,636, 51,866,077 T3 5,089,959 1,956,036 488,740 57,444,776 1957
1958 52,445,059 4,892,266 57,337,325 ) 218, 1,253,866 51,563,249 1,856,816 53,420,065 782 5,17, 58,591,191 497,160 59,088,351 1958
1959 &/ 55,303,178 5,095,245 60,398,423 1,030,589 288,631 1,319,220 54,101, 740 2,232,027 56,333,767 789 5,383,876 61,717,643 51¢,092 62,227,735 1959 &
1960 56,781,322 5,030,556 61,811,878 1,098,586 301,779 1,400,365 55,428,618 2,151,250 57,879,508 784 5,332,335 63,222,243 504,030 63,716,273 Y
1961 58,155,216 4,911,483 63,066,699 1,150,890 17,273 1,468,163 56,607,240 2,698,866 59,306, il 5,228,756 6k, 53k, 862 512,751 65,047,613 1961
1962 60,520,185 4,074,765 64,594,950 1,176,922 329,776 1,506,698 58,749,049 2,948,058 61,697,107 779 5/ b,uok,541 66,101,648 535,224 66,636,872 1962
1963 63,273,938 3,906,321 67,180,259 1,242,409k 337,723 1,560,217 61,274,435 3,21,597 64,516,432 T80 4,24k, ok 68,760,476 550,738 69,311,214 1963
66,617,501 3,839,022 70,456,523 1,283,908 357,043 1,640,951 64,268,645 3,632,764 7,901,409 787 4,196,065 72,097,474 569,019 72,666,493 1964
1965 69,775,616 3,837,460 73,613,076 1,328,81 370,723 1,699,537 66,978,519 h,125,9u 71,104,430 787 4,208,183 75,312,613 584,370 75,896,983 1965
1966 73,279,282 3,928,268 77,207,550 1,385,220 386,304 1,771,514 69,973,025 4,691,467 Th, 668,492 % 4,314,572 1,979,064 b, 79,593,320 1966
1967 15 269 265 3,778,767 80,048,032 1,461,403 401,582 1,862,985 72,680,934 5,049,734 77,730,668 . 802 4,180,349 81,911,007 677,718 82,588,735 1967
1968 k2,728 3,787,743 85,22,k 1,524,713 k19,111 1,943,824 77,258, 5,690,655 82,949, Ll 822 4,206,854 87,156,295 , 87,877,663 1968
1969 36 537,161 3,670,2uh 90,207,405 1,597,941 434,999 2,032,940 81,805,024 6,330,078 88,135,102 839 4,105,243 92,240,345 54,545 92,99%,790 1969
1970 %0, 729.670 3,593,165 94,322,835 1,599,386 > 2,009,074 85,598,364 6,730,692 ,329,056 852 4,002,853 96,331,909 5 97,116,597 1970
9 95,880,745 3,491,505 99,372,250 1,677,801 L21,865 2,099,706 89,984,705 7,573,881 97,558,586 863 3,913,370 10 "71.”6 837,908 102,309,864 197
1972 103,310,056 3,380,790 106,690,846 5 w43, 2,195,360 96,542,738 8,519,440 105,062,178 8ay 3,824,028 108,886,206 879,822 109, 766,028 1972
1973 108,648,096 3,433,954 112,082,050 u81,797 2,286,582 100,636,236 9,836,645 110,472,881 879 3,895,751 114,368,632 948,841 115,317,473 1973
1974 104,515,540 3,163,352 107,678,882 1,785,225 459,173 2,244,398 96,504,516 9,796,249 106,300,765 818 3,622,515 109,923,280 894,479 110,817,759 1974
1975 107,101, %02 3,161,183 110,262, 585 1,882,945 481,126 2,365,071 - 99,353,593 9,630,754 108,984,347 820 3,642,309 112,626,656 922,127 113,548,793 1975
1/ Por the purpose of this tabulation, "motor fuel” includes all gaszoline used for non-wilitary purposes, county and mmicipal only.
plus diesel and other special fuels used to operate vehicles on pudlic highvays. Military use, "tractor fuels,” Includes data for ell States and the District of Columbis beginaing 1929.
snd exports are excluded. There is no dwplication of 4/ Includes Alaaka and Havail beginning 1959.
2/ Public highway use include Federal, State, country and mmicipal uses. Nonhighway use s State, 2 Jet fuel 1962.




TABLE 6

FUEL CONSUMPTION BY MODE OF TRANSPORT, 1964-1974 (7)

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
Class I Railroads
Locomotives .
Diesel 0il, gals x 106 3,624 3,736 3,920 3,883 3,917 3,919 3,804 3,819 3,999 4,141 4,112
Fuel 0il, gals x 106 85 77 65 47 42 33 - - - - -
Electricity, KWH x 106 931 933 922 832 750 610 578 534 " 608 346 467
Coal, tons 6,831 3,695 3,235 2,310 1,669 1,137 1,238 1,191 1,400 1,202 1,160
Motor Cars
Diesel 0i1, gals x 106 7 6 6 6 5 5 8 4 3 3 4
Electricity, KWH x 106 583 576 576 580 567 538 763 756 715 901 . 847
Gasoline, gals 4,585 Co- - - - - - - - - -
Air
Certificated Carriers
Aviation Gasoline, gals x 106 589 519 398 268 128 33 15 12 13 n n/a
Jet Fuel, gals x 106 3,830 4,650 5,670 7,523 8,891 10,113 10,085 10,140 10,302 10,671 9,564**
General Aviation
Aviation Gasoline, gals x 106 262 292 375 396 495 522 551 508 584 n/a n/a
Jet Fuel, gals x 10 41, 81 106 138 n/a 168 208 226 245 n/a n/a
Highwa
gaso‘ine, gals x 106
Pass. cars + Taxis 47 ,567* 50,206 53,220 55,007 58,413 62,325 65,649 69,213 73,121 77,619 73,770
Motorcycles - 69 92 103 m 123 135 301 342 392 447
Diesel + Gasoline, gals x 106
Commercial Buses 622 645 637 646 655 657 644 631 561 520 525
School + other nonrevenue buses 242 249 259 264 217 290 300 316 320 327 333
Single-unit Trucksl 13,199 13,504 13,636 14,470 15,674 16,528 17,237 18,221 22,118 22,755 21,125
Combination Trucks 6,271 6,431 6,779 7,203 7,808 8,199 8,363 8,865 8,600 8,860 10,101
Water
Vessels? r
Residual Fuel 0il, gals x 106 3,487 3,093 3,093 3,389 3,678 3,506 3,774 3,307 3,273 3,881 3,827
Distillate Fuel 0i1, gals x 106 672 652 699 734 - 766 793 819 880 929 1,125 1,019
Gasoline, gals x 106 n/a n/a 485 501 533 569 598 645 687 n7 697
Transit
Electricity, KWH x 106
Rapid Transit 2,17NM 2,185 2,075 2,194 2,250 2,291 2,261 2,262 2,149 2,098 n/a
Surface Rail 222 218 226 180 179 173 157 153 146 140 n/a
Trolley 204 181 166 157 157 154 143, 141 133 93 n/a
Gallons of Motor Fuel, gals x 106 r r
Gasoline 96 92 76 58 46 T 40 37 29 20,. 12,
Diesel 0il 242 248 . 256 270 274 274 an 257 253 283 316
Propane 33 33 34 33 32 32 31 : 27 24 15 3
Pipelines (Gas & 0il)
~Natural Gas, Cu. Ft. x 108 433,204 500,024 535,353 575,752 590,965 630,962 742,592 766,156 728,177 668,792

722,166

1 Includes non-freight truck movements.

Vessel bunkering (including tankers).

* Includes Motorcycles.

** Includes Aviation Gasoline.
T Revised.

n/a Not available.

3

Includes purchases of fuel by all commercial vessels in U:S. ports.



TABLE 7

HIGHWAY USE OF MOTOR FUEL, 1972-1975* (6)

Passenger Vehicles

Cargo Vehicles

Personal passenger vehicles Buses
Al
personal Al Single- AT
Passenger Motor- passenger Al passenger unijt Combina- AN motor
cars cycles vehicles Commercial School buses vehicles trucks tions trucks vehicles
Number of vehicles registered
(thousands)
' 1972 96,860.0 3,798.0 100,658.0 88.8 318.2 407.0 101,065.0 20,249.0 99
1973 101,762.5 4,356.5 106,119.0 89.5 336.0 425.5 106,544.5 22,205.0 1,029:8 5%15333 }gg’%%g
1974 104,856.3 4,966.4 109,822.7 90.1 356.9 447.0 110,270.7 23,545.2 1,085.0 -24,630.2 134’899'9
1975 106,712.6 4,966.8 111,679.4 93.8 368.3 462.1 24,644.7 1,131.0 25,775.7 137’,917',2
Average miles traveled
per vehicle
1972 10,184 4,500 9,969 30,968 7,414 12,553 9,980 10,525 47,084 12,229 10,846
1973 9,992 4,498 9,767 28,469 7,178 N :662 9,774 9,868 46,716 n :538 10’083
1974 9,448 4,500 9,225 28,968 6,865 . 1,320 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
Fuel consumed
(million gallons)
1972 73,121 342 73,463 561 320 881 74,344 22,118 8,600 . 30,718
1973 77,619 392 78,011 520 327 847 78,858 22,755, 8,860 31 :61 5 }?312%
1974 73,770 447 74,217 525 333 858 75,075 21,125 10,101 31,226 106,301
1975 76,010 447 76,457 553 342 895 77,352 21,868 9,764 31,632 108,984
Average fuel consumption per
vehicle (gallons)
1972 775 90 730 6,318 1,006 2,165 736 1,092 8,687 1,446
1973 763 90 736 5,810 973 1,991 M 1,025 8,620 1 :361 gg?
1974 704 90 676 5,827 933 1,919 681 897 9.310 1.268 788
1975 N2 90 685 5,896 929 1,937 690 887 8,633 1.227 790
Average miles traveled per
gallon of fuel consumed
1972 13.49 50.00 13.67 4.39 7.37 5.80 13.57 9.63 5.42
1973 13.10 50.00 13.29 4.90 7.37 5.86 13.21 9.63 5.42 5.4 1588
1974 13.43 50.00 13.65 4.97 7.36 5.90 13.56 10.01 5.55 8.57 12'09
1975 13.53 50.00 13.74 4.79 7.31 5.75 13.65 10.01 5.69 8.68 ]2:20

YFor the 50 states and District of Columbia.




TABLE 8
TREND OF ENERGY CONSUMPTION BY TRANSIT PASSENGER VEHICLES (29)

ELECTRIC POWER CONSUMED FOSSIL FUELS CONSUMED
CALENDAR (KILOWATT HOURS IN MILLIONS) (GALLONS IN THOUSANDIS:
YEAR LIGHT HEAVY TROLLEY
RAIL RAIL COAGH TOTAL GASOLINE DIESEL PROPANE
1940 4,050 1,977 307 6,334 {a) (a) 0
1945 4,547 . 1,966 520 7,033 510,000 11,800 o]
1950 2,410 2,000 841 5,251 430,000 (b) 98.6C0 {b)
1955 810 1,900 720 3.530 246,000 172,600 30,300
1956 700 1,960 680 3,340 219,400 183.500 30,300
1957 560 1,980 600 3,140 198,400 190,000 34,200
1958 485 2973 535 3,093 181,700 192,700 35,100
1959 - 431 2,067 464 2,962 . 167,800 196,600 36,600
1960 393 2,098 417 2,908 153,600 208,100 33.300
1961 362 2,108 381 2,851 125,800 217,500 35,700
1962 325 2,115 346 2,786 108,400 228,000 36,100
1963 255 2,125 - 262 2,642 102,500 235,300 35,900
1964 222 2,171 204 2,597 95,900 242,200 33,400
1965 218 2,185 181 2,584 91,500 248,400 32.700
1966 226 2,075 166 2,467 76,000 256.000 © 33,600
1967 180 2,194 157 2,531 §7.800 270,200 .33.000
1968 179 2,250 157 2,586 45,700 274,200 22.200
1969 173 2,291 154 2618 40,000 273,800 31,600
1970 157 2,261 143 2,561 37,200 * - 270,600 31,000
1971 163 2,262 141 2,556 29,400 256,800 26,500
1972 146 2,149 133 2,428 19,647 253,250 24,400
1973 140 .2,098 93 2,331 12,333 282,620 15,152
1974 (a) (a) (a) 2,630 . 7.457 316,360 3.142
P1975 (a) (a) {a) - 2,646 5017 365,060 2,559
P = Preliminary
(a) Data nol availabie.
{b) Propane inclucsd with gasoline.
TABLE 9
CONSUMPTION OF FUEL IN ALL SERVICES OF THE CERTIFICATED ROUTE AIR
CARRIERS (IN THOUSANDS OF GALLONS)
Total Domestic Passenger/Cargo International Passenger/Cargo Air Cargo
Year -
Gasoline Jet Fuel 0il Gasoline Jet Fuel 0il Gasoline Jet Fuel 0il Gasoline Jet Fuel 0il
1965 ......... 518,684 4,650,340 8,001 448,022 3,367,915 6,943 41,114 1,194,765 626 29,548 87,660 432
1966 ......... 397,558 5,669,485 6,202 331,869 3,993,205 5,152 31,258 1,529,713 . 548 34,431 146,567 502
1967 ......... 267,934 7,522,739 4,432 223,356 5,324,794 3,597 17,900 1,983,292 436 26,378 214,653 399
1968 ......... 127,873 8,980,578 2,999 113,234 6,454,803 2,474 8,840 2,267,156 402 5.799 258,619 123
32,697 10,112,553 2,014 27,270 7,885,153 1,690 92 1,910,992 225 5,335 316,408 99
14,479 10,084,693 1,435 13,839 7,782,536 1,144 --- 2,013,883 249 640 288,274 42
12,142 10,140,053 1,545 12,134 7,728,254 1;232 8 2,113,192 280 --- 298,607 26
12,923 10,302,068 1,412 12,054 7,886,394 1,105 869 2,099,232 289 --- 316,442 18
10,895 10,670,950 1,490 10,509 8,235,747 1,187 386 2,143,033 292 --- 292,170 1N
6,789 9,545,655 1,349 6.689 7,415,856 1,095 100 1,864,354 23 .- 265,445 23

Source:

Bureau of Accounts and Statistics, CAB.
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CHAPTER TWO

ENERGY EFFICIENCIES: PASSENGER

INTRODUCTION AND GENERAL DISCUSSION

In order to address the energy consumption rate and effi-
ciency of various passenger transportation modes, quanti-
tative measures must be defined and evaluated. Several
measures appear to be useful. Energy is measured by
British thermal units (Btu) or by gallons in each opera-
tional measure. The measures are Btu or gallons per
vehicle-mile, Btu or gallons per seat-mile, and Btu or gal-
lons per passenger-mile. Btu per vehicle-mile is the av-
erage fuel-consumption rate required to propel a vehicle
through its daily duty cycle and power its accessories. As
shown in Appendix A, there are 124,950 Btu/gal (35 MJ/
litre) of gasoline. Btu per seat-mile provides indications of
the efficiency of a transportation mode while it is perform-
ing the desired function, that of transporting people. Btu
per passenger-mile is a measure of the efficiency of a trans-
portation mode having an average passenger occupancy that
represents either actual experience or, in the case of a new
system, expected average occupancy. '"

Average occupancy is defined as the total annual
passenger-miles divided by the total annual vehicle-miles.
" This measure is the best indication of the efficiency of exist-
ing transportation modes as they are currently performing.
Many efforts have been directed toward increasing this
average occupancy, or load factor (e.g., car pooling), and
thereby improving the vehicle’s efficiency in moving people.

Passenger transportation has some of the same charac-
teristics that freight transportation does. The primary dif-
ference between the two is that in passenger transportation
the commodity is known; namely, it is people. What varies
in passenger transportation is the purpose and, therefore,
the priority given to various attributes of transportation
service. For example, a person in business may place a
much higher priority on assurance of arrival at a particu-
lar time than on the dollar cost of travel. A vacationing
individual may decide that time has a lower priority than
other factors and be willing to go by a slower means if it
will cost less. Frequently with passenger transportation, es-
pecially transportation within major cities, the passenger
has a wide number of options from which to choose. In
rural areas, the options for traveling may be only by auto-
mobile or bus. Increasingly, travel across the seas is be-
coming limited to aircraft travel, because oceangoing pas-
senger vessels for international travel have been largely
phased out. Similarly, for long-distance travel within the
U.S., the passenger rail alternative is frequently not
available.

In this chapter, the energy efficiencies for all the basic
types of passenger transport are examined in terms of their
over-all design, operating, and use characteristics. Special
emphasis is given to the automobile, which dominates pas-
senger travel, accounting for more than 90 percent of all
passenger-miles. The dominance is greatest in local travel

TRANSPORTATION MODES

(trips of 30 miles—48 km—or less one way), in which auto-
mobiles (including taxicabs) account for approximately
97 percent of all passenger-miles. The proportion is lower
in large cities, inasmuch as mass transit systems are usually
available, but it still generally ranges between 80 and
90 percent. New York City is the one exception; more than
half the travel there is on rail rapid transit or transit bus.
Distributions of passenger-miles by trip purpose and by
mode of local travel are given in Table 10 (8).

The automobile accounts for more than 85 percent of
intercity passenger-miles (trips of more than 30 miles—
48 km—one way). Airlines account for slightly more than
10 percent, and bus and rail the remainder. In 1972, rail
accounted for less than 1 percent of total intercity
passenger-miles. However, airlines become very important
in trips in excess of 500 miles (800 km), accounting for
more than 40 percent of passenger-miles (8). Data for
intercity trips are given in Table 11 (8).

The importance of each mode of passenger travel in
terms of fuel consumption is presented in Table 12. The
predominance of the auto is evidenced by its large share of
total fuel consumption.

The demand for passenger transportation is relatively
price inelastic, because a large part of such transportation
is considered an essential service. For example, commuting
to work, making business trips, and taking family business
trips account for about one-half of total passenger-miles.
The other half is considered less essential, and consequently
its demand is much more responsive to price changes.
However, fuel costs represent only a part of the total cost
of providing transportation (see Table 13).

The cost or value of time is an important element in the
traveler’s choice of mode and must be considered in the
total cost of each transportation mode. The time cost is
calculated as the sum of the travel, access, and waiting time,
multiplied by the unit value of time. The value of time
generally varies with trip purpose. The value of time used
in Table 14 is the average hourly wage, wherein each trip
purpose was assigned an assumed percentage of the average
wage. Because of the importance of time in cost-benefit
analysis, many studies on the value of time have been per-
formed. Estimates of the value of time generally range
between 33 and 100 percent of the wage rate. The value
of time in air travel has been estimated at two and one-half
times the average wage rate. There is general agreement on
two propositions:

® The value of time increases with income level.

e The value of time varies according to trip purpose,
with higher values being given to trips made for work and
other business-related purposes. '

Because existing studies lack any close agreement on the



TABLE 10

PASSENGER-MILES AND PERCENTAGE DISTRIBUTIONS BY PURPOSE
(LOCAL TRIPS, 1972)* (MILLIONS) (8)

15

Mode: Auto? Bus Transit Commuter Rail Rail Rapid Transit Total
\
Q
Purpose Passenger- % of Passenger- % of Passenger- % of Passenger- % of Passenger- % of
Miles Total Miles Total Miles Total Miles Total Miles Total
Commuting 380037 30.4 9583 4.0 2955 7.7 7712 84.0 400287 31.2
% 94.9 2.4 0.7 1.9 100
Work-Related 53392 4.3 984 4.2 173 4.2 327 3.6 54876 4.3
% 97.3 1.8 0.3 0.6 100
Family Business 418880 33.6 10973 47.0 915 22.2 942 10.2 431710 33.6
% 97.0 2.5 0.2 0.2 100
Social and Recreation 396151 31.7 1815 7.8 78 1.9 199 2.2 398243 30.9
% 99.5 0.5 - - 100
Total, A1l Trips
Under 30 Miles 1248461 100.0 23355 100.0 4121 100.0 9180 100.0 1285117 100.0
% 97.1 1.8 0.3 0.7 100

%puto trips 30 miles or less were assumed to represent local auto travel.
(Exclusive urban travel is normally considered approximately 20 miles.)

*Local travel - trips 30 miles or less in length.

Taxis are included.

Source:

Auto--unpublished worksheets from the Nationwide Personal Transportation Study,

Federal Highway Administration, U. S. Department of Transportation, adjusted to
1972 total; Bus Transit--1973-1974 Transit Fact Book, American Transit Associa-

tion and An Analysis of Urban Area Travel by Time of Day, report to the Office

of Planning, Federal Highway Administration, U. S. Department of Transportation;
Commuter Rail--Commutation Traffic and Revenué of Individual Class I Railroads

(ICC 0S-B Reports) and unpublished worksheets from Tri-State Area Planning Com-

mission Household Survey of -Passenger Travel:

1963; Rapid Rail--1973-1974 Tran-

s1t Fact Book and Tri-State Area Commission Pianning Survey.

value of time, it is estimated for the different purposes in
agreement with Reference (8), as given in Table 14.

Even large increases in fuel costs have a small effect on
transportation operating costs for all modes except the auto.
When time value is included, the effect of fuel-cost increases
on total trip cost by auto is substantially reduced. As a
consequence, travel demand in aggregate is relatively in-
sensitive to oil price increases. In general, increases in fuel
prices have a small effect on relative modal costs. For
intercity travel, however, the increases are probably great
enough to effect measurable increases in the shares for air,
rail, and bus at the expense of the auto share. Breakdowns
on the cost of operating an automobile are contained in
Reference (9), and detailed travel patterns are contained
in Reference (10).

A number of studies have estimated the price elasticity
of demand for gasoline in this country. Values in the range
of —0.06 to —0.83 for the short run have appeared in the
literature, and estimates for the long run range from —0.07
to —0.92. The Federal Energy Administration, in compil-

ing the ‘“Project Independence” report, selected —0.21 to
estimate the immediate impact of higher prices on gasoline
consumption and —0.76 for the long-run elasticity (8).

A study of elasticities suggests that conservation occurred
during the early years primarily because of reduced travel
and in the later years primarily because of the purchase of
more efficient automobiles.

Over the past two decades, the bulk of U.S. intercity
travel has been by automobile and aircraft, the two low-
fuel-economy modes. The choice is indicative of the con-
venience and speed of these modes as well as the former
low price and abundance of petroleum fuel. Both air and
auto travel are more expensive in dollars than other modes,
but in neither air nor auto has fuel been the principal cost
component. A

There is some indication that most people have tended
to write off the cost of owning a car against the daily urban
work trip and have perceived only fuel and tolls as the cost
for intercity trips. In such a situation, particularly for a
multiple-occupant auto, the auto has been perceived as the
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TABLE 11

PASSENGER MILES AND PERCENTAGE DISTRIBUTIONS BY PURPOSE
(INTERCITY TRIPS, 1972)* (MILLIONS) (8)

Mode
« Auto Intercity Bus Rail Air Total
.
Purpose Passenger- % .of Passenger- % of Passenger- % of Passenger- % of Passenger- % of
Miles Total Miles Total Miles Total Miles Total Miles Total
V‘isi.t'ing Friends or Relatives 177635 19.3 11034 43.1 2282 51.2 32808 27.5 223759 20.9
% 79.4 4.9 1.0 14.7 100
Business and Conventions 222381 24.1 3507 13.7 963 21.6 52255 43.8 279106 26.0
% 79.7 1.3 0.3 18.7 100
dutdoor Recréation 81103 8.8 3072 12:0 134 3.0 2386 2.0 86695 8.1
% 93.5 3.5 . 0.2 2.8 100
Sightseeing and Entertainment 292630 31.6 4019 15.7 651 4.6 16702 14.0 314002 29.3
¥ 93.2 i.3 0.2 5.3 100
Other 149122 16.2 3968 15.5 428 9.6 15152 12.2 168670 ]5.}
] 88.4 2.4 0.3 9.0 100
332?130’\:«}11?” 9228M 1100.0 25600 100.0 4458 100..0 119303 100.0 1072232 100.0
% 86.0 2.4 0.4 1.1 100

* Intercity trips - trips more than 30 miles.

Source:

adjusted forward to 1972, and re- -assigned to the above five purposes.
Sources for total passenger-miles for other modes were as follows:
Intercity (Non-Commutation) Rail--ICC, Transport Statistics, 1972, Part I; Air--
CAB, Air Carrier Traffic Statistics, December 1973.

assumed to represent intercity auto travel.
Intercity bus--Bus Facts 1972;

1972 National Travel survey (except for auto).

cheapest 1nterc1ty mode. Some travelers are willing to pay

a premium price for time-saving in the form of the con-

veniencé of the auto and the speed of the airplane. On a
long trip, however, the average auto occupancy is approxi-
mately three persons, so auto_travel is even cheaper than
bus iravel for three people. The time and price elasticities
of travelers appear to be such that many people would still
opt for air travel even if fuél prices were to rise significantly.

Fuel economy in terms of passenger-miles per gallon of
its potential in the form of seat-miles per gallon is in fact
an incomplete cost-beneﬁt measure. Not all trips have the
same value, and not all travel speeds have the same value.
As fuel and travel cosfs rise, some trips will be abandoned
when the valiie of the trip no longer justifies the expense of
the ﬁrst-chonce mode or the time consumed by the alterna-
tive that provndes bétter fuel economy. The choice will be
made differently by different people according to their
varying needs and resources.

Fuel economy (or energy intensiveness) has not been
and will not be the solé choice factor in transportation un-
less the price of energy increases to the point where it

Passenger-miles for auto were based upon unpublished worksheets from the.National Personal Transportation Study,

Auto trips over 30 miles in length were

Percentage distributions by purpose were taken from the

‘dominates all other costs. Between 1945 and 1973, the real
price of fuel decreased with respect to other costs. What
has been happening recently, however, is that the price of
fuel has been rising not only in dollars but also in signifi-
cance relative to other factors that determine travel pat-
terns: time, convenience, comfort, labor, and so on.
Thiss, fuel économy is expected to carry increasing weight
in the years ahead if fuel priceés increase sufficiently to
remain a significant consideration.

Any transition, by necessity, would be slow because of
the massive investments in present equipment, the large new
investment needed for upgrading transportation systems,
and the many long-tefm commitments to present patterns.
Fuel-economy measures are useful in the planning process
in two principal ways: as estimators of fuel requirements
in existing or developing transportation patterns and as
clues to the areas likely fo yield the most benefit from
research and development and from external incentives to
change travel patterns.

In any event, it is important that a proper perspective be
maintained and that the planner keep in mind: (a) that
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TABLE 12
II’QSZSI?(I;I)GER -MILES AND FUEL CONSUMPTION FOR PASSENGER MODES
Fuel Consumption
Aviation | Liquified | Elec-
Gasoline Diesel Jet Fuel Gasoline Petroleum tricity
Passenger- s |
Passenger Monde miles )
(106) (108 ga1) | (108 ga1) | (10% ga1) | (106 ga1) | (106 gal) | (105 kuh)
LOCAL*
Auto *** 1,248,461 53246
Bus Transit 23,355 26 247 24
Rail Rapid Transit 9,180 2428
Commuter Rail 4,121 78 : ' 435
INTERCITY**
Auto 922,871 19396
Air (Domestic) 119,303 7954
Rail ‘ 4,458 84 4an
Intercity Bus 25,600 31 186
OTHER
General Aviation ) 283 418
International Air 1784
Personal Use of .
Trucks 7158 174
Motorcycles 342
School and QOther ,
Bus 367

*Local travel - trips 30 miles or less in length.
**Interc1ty travel - trips more than 30 mﬂgs in length.
***Auto fuel cgnsumptmn totals 72,742 x 10° gallons compared to
73,121 x 10° gallons, from FHWA Tab]e VM-1, and shown elsewhere in this report.

fuel economy estimates can be based on fragmentary or
biased data; (b) that estimates in passenger-mile units are
strongly influenced by the way a mode is merchandized and
used and that such estimates can give a poor representation
of the technology’s potential; (¢) that the technological
potential for fuel economy js often unreachable in practice;
(d) that train and bus as surface mass-transportation modes
in their speed regimes have the best potential for fuel
economy; (e) that autos, track- Jevitated vehicles, and air-
craft have roughly the same potential for fuel economy in

three widely differing speed regimes; (f) that convenience,
speed, safety, cost, and comfort—factors not included in
fuel-economy measures—are important in determmmg the
value of a transportation system; and (g) that as a resulf,
a mode with less technical potential may have greater
service utility and fuel efficiency in actual use at the time
and place. '

" The Boeing Company analyzed energy comparisons of
intercity passenger transportation (I1). Their analysis,
summarized in Figure 6, concluded that in,tgrcyity-ﬁusﬂés are
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TABLE 13

FUEL COST AS PERCENTAGE OF TOTAL
OPERATING COST (8)

Fuel Costs as
Percentage of
-Total Operating
Cost (or Fare)
Plus Travel Time

Fuel Costs as
Percentage of
Total Operating

Mode Cost (or Fare) Costs!
) Auto2
Local 45.9 18.2
Intercity 48.4 26.3
Rail Transit 8.0 1.9
Bus Transit 1.7 0.3
Intercity Rail 7.2 3.9
Air 12.0 ) 9.8

Intercity Bus 2.5 1.0

|Bosed on time value in local ;:ommuting at a trip length of
6 to 10 miles (10 to 16 km) and intercity business trips of
200 to 299 miles (320 to 466 km).

2Excludes fixed depreciation and insurance rates.

more fuel efficient than all other modes at all ranges.
Contrary to what might have been thought, intercity trains
(in the spring of 1974) were not the most fuel-efficient’
mode.. This is partly because of the comparatively old
equipment used in passenger train operations. Recently
ordered Amtrak equipment has the potential to improve
this picture. Except for some short-range services, auto-
mobiles and airplanes are comparable to trains in fuel
efficiency. At long distances, automobiles have a fuel
efficiency advantage over airplanes. Automobile occupancy
is a major factor in the range trend. The assumed 60 per-
cent load factor for public modes gives intercity buses and
trains (for the spring of 1974) an advantage over aircraft
and automobiles. Bus fuel-use efficiency is greater than that
of other modes because the bus is more efficient in terms
of weight and floor area per seat, which results in a lower-
rated horsepower per seat. These advantages are sufficient
to easily overcome the well-known steel-wheel-on-rail
rolling-friction advantage that trains enjoy. Lightweight,
high-capacity trains designed for low speeds offer the
potential of energy efficiency comparable with that enjoyed
by some buses.

The Boeing study drew additional conclusions regarding
modal fuel use versus range, as follows:

e Airplane fuel use improves with range because of the
decreasing impact of terminal-area maneuvers.
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® Automobile fuel use improves with range because of
higher occupancy levels and the reduced impact of city
driving. These two trends together mask the fact that auto-
mobiles, like other modes, have higher circuity (ratio of the
travel distance to the great-circle distance) at short dis-
tances than at long distances.

e For trains, fuel use at short distances reflects system
circuity trends combined with the wide range of in-service
equipment and seating density. At longer distances, fuel use
reflects the use of full-service equipment (diners, club cars,
sleepers, etc.) combined with circuity. _

¢ Bus range trends are dominated by the system’s
circuities.

® Automobile fuel-consumption levels may be somewhat
optimistic because of data deficiencies for such items as
driver habits, mechanical condition, and geographic
penalties.

® Bus and automobile performances are representative of
typical intercity equipment, although some equipment on
some routes may exceed these boundaries.

Many values are used in the literature to report on the
energy efficiency of passenger transportation modes. As an
aid to the reader, Table 15 has been prepared to summarize
some of the highlights of this information in a form that
facilitates general comparisons of the magnitudes involved.
The balance of this chapter presents specific data on
different modes of passenger transportation.

AUTOMOBILE

Data on automobile service and energy consumption for
1972 are given in Table 16. Because of the automobile’s
very large consumption of fuel and potential for fuel sav-
ings, improving the efficiency of new motor vehicles has
been the subject of considerable study during the past few
years. The results of one major study, carried out by the
Department of Transportation and the Environmental Pro-
tection Agency, are summarized in “Potential for Motor
Vehicle Fuel Economy Improvement: Report to the U.S.
Congress” (23). Following are the study’s major findings
for automobiles.

® By a variety of means and with little further price in-
crease, fuel economy in the new model fleet of 1980 can
be improved 20 percent over that of 1974 automobiles.
The full range of potential improvements, which is from
40 to 60 percent, is shown in Figure 7.

¢ Obtaining fuel economy improvements while simulta-
neously achieving such interrelated objectives as low emis-
sions and occupant safety will involve competition for capi-
tal, expertise, and other resources. The effects, some of
which may require compensating action, include the
following:

(a) The price of new automobiles will rise because of
fuel economy improvements. For example, a
40 percent improvement over 1974 will increase
the price as much as 10 percent. Savings in
operating and maintenance costs, however, will
more than offset this price increase for the vehicle
owner.
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TABLE 14

HOURLY VALUE OF TIME BY TRIP PURPOSE,
1973 * (8)

. ) % of
Trip Purpose Wage Dollars
Urban Commuting (including 60 2.59
Intercity: Business and
Conventions)
Business-Related 100 4.32
Family Business Affairs 40 1.73
Social and Recreation
Visits to Friends and Relatives, 25 1.08 -

Qutdoor Recreation,
Sightseeing and Entertainment

*Average hourly wage of $4.32. These va_ﬂues may not
adequately address special travel requirements,
degree of urgency, or emergencies.

(b) A sustained or increased shift to the more fuel
economical small cars, without a concurrent up-
grading of their crashworthiness or increased use
of effective passenger restraints, will result in a
rise in the serious injury and death rate on the
highways. Limited evidence indicates that crash-
worthiness of the smaller car can be upgraded
without serious weight penalties.

(¢) Achievement of the statutory emission standards
for hydrocarbons and carbon monoxide, with sub-
stantial fuel economy improvement, is feasible in
the new model fleet of 1980. For the oxides-of-
nitrogen emission standard, the issue of level and
cost achievable by 1980 concurrent with sub-
stantial- improvement in fuel economy is un-
resolved. :

(d) Dramatic savings in petroleum requirements can
result from fuel economy improvements. The
savings in petroleum may not be fully realized,
because the resulting gain in operational economy
may induce additional vehicle travel and in-
creased sale of larger (although improved) cars.

The detailed conclusions of the study are presented in
Appendix B; they contain much insight into the trade-offs
between vehicle cost, emissions, safety, and fuel economy as
well as a discussion of testing, enforcement, and cost bene-
fit. Clearly, the price to be paid for increased fuel economy
must be evaluated against many other related factors (24).
Some trade-offs must be made among safety, emission,
efficiency, and cost factors. ) .

The Jet Propulsion Laboratory of the California Institute



TABLE 15

ENI::RG'Y EFFICIENCY FOR PASSENGER TRANSPORTATION MODES

# Passenger- Seat- Btu Load
Mode Miles Miles per Factor Source Remarks
Per Per - Passenger- Assumed
Gallon Gallon Mile
Auto . 22 57 5,578 1.9 TSC (14)  Urban (1972)
43 83 2,902 2.6 T5C (12) Intercity (1972)
30 68 4,208 2.2 TSC (12) Combined (1972)
15 54 8,100 1.4 Hirst (13) Urban (1970)
37 77 3,400 2.4 Hirst (13) Intercity (1970)
23 61 5,400 1.9 Hirst (13) Conbined (1970)
25 Mooz (14)
64 Rice (15)
18-28 Incr.
with dist. Boeing (11)
Small :
Work and related business 21.67 70 * 5,768 1.6 FHWA (54)
Shop. and family business 41.39 63 - 3,020 2.3 FHWA  (54)
Social and recreation 74.93 94 1,668 2.8 FHWA  (54)
Subtotal 47.74 76 2,618 2.2 FHWA  (54)
Standard :
Work and related business 15.68 59 7,972 1.6 FHWA (54)
Shop and family business 20.70 54 6,039 2.3 FHWA (5¢4)
Social and recreation 42.15 90 2,966 2.8 FHWA (54)
Subtotal 24.51 67 5,100 2.2 FHWA (54)
Total 29.70 69 4,209 ° 2.2 FHWA (54)
Bus 90-162 60% Boeing (11) Intercity Bus
- 51 2,681 TSC (12)  Urban Transit(1972
168 743 TSC (12) School (1972)
16 247 1,170 47% TSC (12) Intercity (1972)
112 1,210 TSC (12) Combined (1972)
3,700  <20% Hirst (13)  Urban (1970)
1,600 Hirst (13)  Intercity (1970)
1,100 Hirst (13)  School (1970) .
116 276 1,192 42% DOT/NASA (17) Intercity (1972)
48 180 2,891 24%  DOT/NASA (17) urban (1972)
125 1,100 Rice (15) Intercity(mid-
. 1960's)
83 Rice (18) Intercity(1966-70)
Rail 84 1,646 TSC (12) Transit (1972)
55 2,493 TSC (12) Comuter (1972)
39 3,533 TSC (12) Intercity (1972)
64 2,146 TSC (12) Combined (1972)
210 Mitre (16)
80 1,700 Rice (15) (mid-1960's)
32 128 4,300 25% Mitre (16) Urban (1970)
51 138 2,730 37% Mitre (16) Intercity (1970)
48 130 2,900 37% Hirst (13) Intercity (1970)
14-64 60% Boeing (11)
Air 16 7,766 TSC (12) Domestic (1972)
15.2 29 52.7% FEA (8) Domestic (1972)
19 34 56.4% FEA (8) - International
(1972)
14 9,700 Rice (15) (mid-1960's)
8,400 49% Hirst (13) (1970) :
15 Rice (18) (1966-70) shor
haul
20 Rice (18) (1966-70) long
haul
18-28 60% Boeing (11) 700 statute-mile
" range
Misc. PM/VM
Bicycle ° 1,300 Hirst (19) Total energy use
: 97 EPA (20) 10 MPH
200 Rice (15) 5 MPH
Walking 500 EPA (20) 2.5 MPH
300 Rice (18) 2.5 MPH
Taxi*™* 8.0 15,600 0.7 poT (51)
Dial-A-Bus 15.6 3.0 HRB (21) Peak hour
Van-Pool 81 108 1,540 9.0 3-M Co.r59) Peak hour
40 BART (22)  Peak hour

BART ) 88

*Small cars are assumed to average 3.5 passenger-seats and other cars 6.0 passenger-seats.

**The driver is assumed not to be a passenger.



of Technology concluded that, quite apart from any major
change in the automobile’s basic power plant, fairly large
reductions in national fuel consumption (with some im-
provement in pollutant emissions) can be realized through
modifications in design of the rest of the automobile and/
or changes in its use (25). Changes in use are discussed
in Chapter Four. Design modifications that provide better
fuel economy through weight reduction and other measures
supplement any future gains in new engine technology.

Fuel consumption significantly lower than that of today’s
automobiles can be obtained with the same engines by
implementing the following vehicle changes:

1. Weight reduction through decreased exterior size and
the use of construction materials that reduce weight.

2. Transmission improvements.

3. Moderately reduced acceleration capability.

4. Lower aerodynamic drag.

5. Optimized accessories and accessory drives.

Table 17 summarizes the percentage of weight reduction,
relative to typical 1974/1975 model autos, that can be
achieved in the various classes. (Note that percentage
improvements are not additive algebraically.) Table 18
gives estimates of the corresponding percentage of reduc-
tion in fuel consumption attainable from those weight re-
ductions and other changes. Fuel consumption can be
reduced 14 to 35 percent over the range of automobile
classes by using intermediate technology (i.e., technology

TABLE 16

AUTOMOBILE SERVICE AND ENERGY
CONSUMPTION BY TOTAL FLEET, 1972
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LocAL? INTERCITY? TOTAL
Direct fuel consumed
thousand bbl/day 3,473 1,265 4,738
million gal/year® 53,206 19,396 72,842
trillion Btu/year 6,656 2,424 USI]g:J)
percentage of TDTE 36.3 13.2 49.5
Services rendered
million vehic'le-mi]es/yeard 639,111 355,943 995,054
d ’ (986,407)
average occupancy 1.9534 2.6 2.2
million passenger—mi]es/yeard 1,248,461 922,871 2,171,331 f
(2,170,095)
Average efficiency
Btu/passenger-mile 5,331 2,627 4,182
passenger-miles/gal 23 48 30

3 Local travel - trips of 30 miles or less in length.
Intercity travel - trips of more than 30 miles in length.

ﬁ Fuel data from Ref. 8.
Travel occupancy data from

Ref. 8.

€ Table VM-1, Highway Statistics, 1972 (6).

Table 6, Ref. 27.

MODEL YEAR
-
- 1970 1504 MPG)
| - 20% OVER 1974 (16.8 MPG)
wll
1974 womps |
| L.,m OVER 174 (19.6 MPG
1975+ 15|. 9 MPG|
|
|
1 17.3 MG
SHIFT TO SNIALL CARS + 1975 TECHNOLOGY l
2¢ 189 mPG
1980 IMPROVED TECHNOLOGY I
POTENTIAL 20.3 MPG
IMPROVED JECHNOLOGY # ENG INE RES]
4 2.2 MPG
IMPROVED TECHNOLGGY | ENG INE RES ARS
1985 3
POTENTIAL e

5

10
NEW CAR FLEET - AVERAGE MILES PER GALLON
*1974 NEW MODEL PRODUCTION MIX ASSUMED.

Figure 7. Potential for automobile fuel-economy improvement (23).

15 20

1985 Congressional
Mandatory Standard
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TABLE 17

PRACTICABLE WEIGHT SAVINGS THROUGH VEHICLE IMPROVEMENTS (PERCENT) (25)

Vehicle Class

Subcompact

Small Compact Large
Source of weight savings (Imports)  (Imports (u.s. Average (A1l U.S.)  (A11 U.S.)
A 20%) 80%)
1. Exterior size reduction - 5 5 10 9 10 15
2. Materials: HSLA? and plastics 3 3 3 3 4 5
3. Design details 0 0 2 2 2 3
4. V-6 engine : - - - - 4 -
Intermediate . 8 13 19 22
over-all effect
5. Materials: aluminum 6 7 7 7 7 7
(additional to item 2)
6. Front-wheel drive 2 3 5 4 5 5
Longer-term 15 = 26 28 31

over-all effect

34igh-strength, low-alloy steels.

that is achievable entirely with present methods and ma-
terials and that could be completely implemented by 1981).
Table 19 gives energy intensiveness and the breakdowns

TABLE 18

COMPOSITE FUEL-CONSUMPTION REDUCTIONS
FROM VEHICLE IMPROVEMENTS (PERCENT) (25)

Vehicle class

Source of reduction

Small  Subcompact Compact Large
1. "Intermediate” weight reduction 6 10 15 18
2. A4-speed automatic transmission 3 6 - -7 8
with lockup
3. Reduced acceleration® 2 2 5 10
4. Lower aerodynamic drag 3 3 3 2
5. Improved accessories and drive 1 1 2 3
Over-all effect of intermediate 14 20 29 35
improvements
6. Longer-term weight reduction 12 21 23 25
(replaces item 1)
7. Continuously va}iable transmission 10 13 14 15
(CVT) replaces ,item 2)
Over-all effect of longer-term 26 35 40 45

improvements

Apssumes an increase in 0-60 mph acceleration time ranging from 1 second
for the Small car class to 3 seconds for the Largé car class.

of fuel consumption and travel (percent of trips, vehicle-
miles, and passenger-miles) according to trip purpose. The
energy intensiveness and percentage of fuel consumed are
based on the fuel-economies assumed for each trip purpose.
For example, for vacation trips, the average fuel economy

“was assumed to ‘be 18.0 mpg (7.7 km/litre), whereas on

the low side, the short, around-town shopping trips were
assigned a fuel economy of 11.5 mpg (4.9 km/litre). The

-assumed fuel consumption values were chosen to yield a

value for all trips of 13.6 mpg (5.8 km/litre), consistent
with the 1970 national average for the automobile.

The least efficient (most energy intensive) use of the
automobile is in commuting (to-and-from-work, category),
primarily because of the low load factor (1.4 occupants per

~auto). Social and recreational trips, with nearly double the

load factor of to-and-from-work trips, constitute the most
efficient use of the automobile (yet they may be curtailed
more easily than work trips). For vacation trips, the
average occupancy of 3.3 persons per auto makes the
automobile less energy intensive than intercity rail and half
as energy efficient as intercity buses operating at approxi-
mately a 50 percent load factor.

BUS

Data on bus service and energy consumption for 1972 are
given in Table 20. Modest improvements in bus engine and
drive-train components can be expected to increase fuel
economy by 1980 (26). In the case of transit and intercity



TABLE 19 23
AUTOMOBILE USE AND EFFICIENCY BY TRIP PURPOSE, 1970 (I6) '

AVERAGE TRIP ASSUMED
LENGTH AVERAGE FUEL % VEHICLE- % PASS- % FUEL ENERGY
TRIP PURPOSE (ONE WAY)  OCCUPANCY CONSUMPTION % TRIPS MILES MILES CONSUMED INTENSIVENESS
Earning a Living Btu pass mi/
e to & from work 9.4 miles 1.4 52;'5/ 13.0 mpg 32.3 34.1 24.0 35.6 ’7400 Pass mi 6.9 gal
s related business 16.0 1.6 16.0 4.4 8 6.4 6.9 5370 23.3
10.2 T 13.4 36.7 42.1 30.4 42.5 6970 17.9
Family business
» medical. & dental 8.3 2.1 13.5 1.8 1.6 1.8 1.6 4430 28.2
* shopping 4.4 2.0 11.5 15.4 7.6 8.0 9.0 5600 22.3
s other 6.5 1.9 12.5 14.2 10.4 10.4 11.3 5400 23.1
5.5 2.0 12.1 31.4 19.6 20.2 21.9 5390 23.2
1
Educational/Civic/
Religious 4.7 2.5 11.5 9.4 5.0 6.6 6.0 4530 27.6
Social/Recreational
* vacations 165.1 3.3 18.0 0.1 2.5 4.1 1.9  .2310 54.1
o visits to friends
& relatives 12.0 2.3 15.0 9.0 12.2 14.2 11.0 3860 32.4
* pleasure rides 19.6 2.7 16.0 1.4 3.1 4.2 2.7 3200 39.1
e other 11.4 2.6 15.0 12.0 15.5 20.3 14.0 3440 36.3
13.1 2.5 15.3 22.5 33.3 42.8 29.6 3450 35.9
All Trips . 8.9 1.9 13.6 100.0 100.0 100.0 100.0 4980 25.1

Data source for trip length, occupancy, % trips, and % vehicle-miles: Nationwide Personal Transportation Study,
Federal Highway Administration.

buses, which are already dieselized, the fuel economy gain TABLE 20

of the 1980 vehicles is likely to be limited to an improve- BUS SERVICE AND ENERGY CONSUMPTION,
ment of approximately 20 percent over the 1972 averages 1972 (I12)

of 4.4 mpg (1.9 km/litre) for transit and 6.2 mpg (2.6 km/
litre) for intercity. Through dieselization, school buses, LOCAL** INTERCITY***  TOTAL
which are predominantly gasoline-powered, could experi- Transit Y/ School

ence gains of approximately 30 percent over their 1972
average of 7.4 mpg (3.1 km/litre).

Oirect fuel consumed

Table 21 details the service and fuel uses by class of bus thousand bb1/day 22 21 14 57
for 1973. It is of interest to note that there are more than million gal/year : 344 320 217 881+
10 times as many school buses as there are intercity buses trillion Btu/year &/ 47 39 30 16
and that each school bus travels, on the average, only one- percentage of TOTE 0.25 0.21 0.16 0.63
seventh as many miles per year. Also, bus fuel consump-
tion varies from 4.6 to 7.4 mpg (2.0 to 3.1 km/litre), Service rendered
making high occupancy an essential factor for efficient million vehicle- 1,470 2,350% 1,280 5,100*
operation. miles/year

million passenger- 17,640 52,824 25,600 96,069

miles/year 3/
RAIL

Average efficiency

Rail passenger service and energy consumption for 1972 are
Btu/passenger-mile 2,681 . 743 1,170 1,210

given in Table 22. To the extent that future intercity rail
passenger service becomes relatively more concentrated in
corridors such as Boston-Washington, energy efficiency may
increase because corridor trains typically carry much less 1/ Includes airport and sightseeing buses.

passenger-miles/gal 51 168 116 nz |

“deadweight” (sleeping cars, dining cars, baggage cars, etc.) 2/ Conversion factors are 136,000 Btu/gal for diesel-powered transit and
. - . intercity and 125,000 Btu/gal for gasoline-powered school and oth
than long-haul conventional trains. Furthermore, high- Intercity and ies»000Btu/gal for ga powered school and other

densnty corridors are prime candidates for ele(:tnﬁcatlon’ 3/ Load factor assumed for intercity buses is approximately 47 percent.

*Table VM-1, Highway Statistics, 1972 (s).

**Local travel - trips of 30 miles or less in length.
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thereby saving petroleum through substitution of other
forms of energy.

For new-technology trains operating in corridors where
the new traffic will support them, the efficiency is much
better than that for the 1972 intercity average. Under
typical operating conditions, the electrified Washington-
New York Metroliner has an energy consumption of 440
Btu/seat-mile (288 kJ/seat-km), which at a 70 percent
load factor is 643 Btu/passenger-mile (422 kJ/passenger-
km), or 215 passenger-miles/gal (91 passenger-km/litre)
(12). After adjustment for generating efficiency (33 per-
cent) and distribution efficiency (91 percent), this is equiva-

TABLE 21
BUS FUEL CONSUMPTION, 1973

LOCAL INTERCITY [ TOTAL
School &
Other
Transit Non-revenue
Total Buses 48,286 323,000 - 30,367 401,653
(336,000) * (425,500) *
Fuel consumed ° 295 328 191 814
{millions of gals/year) (327) * (847) *
% of fuel consumed on total 0.14 0.3 0.35 0.79
fuel used by all automotive
sources
Average miles/year traveled 28,500 7,500 52,700 13,443
(7,178) * (11,662) *
Average miles per gallon 4.6 7.4 6.0 6.6
(7.37)* (5.86)*
* Table VM-1, Highwax Statistics 1973 ¢s).
Data Source: Ref. 26.
C
TABLE 22
RAIL PASSENGER SERVICE AND ENERGY
CONSUMPTION, 1972 * (12)
TRANSIT COMMUTER INTERCITY TOTAL
Direct fuel consumed
thousand bbl/day N/A N/A N/A 8
million gal/year 125
trillion Btu/year 25 n 15! 51
(includes kWh
percentage of TOTE 0.14 0.06 0.08 0.27
Service rendered
million vehicte-
miles/year N/A N/A N/A N/A
million passenger-
miles/year 15,344 4,228 4,164 23,925
Average efficiency
Btu/passenger-mile 1,646 2,493 3,533 2,146
passenger-miles/gal 84 55 39 64

! Adjusted to remove 20 percent of 1972 passenger-train energy charged to
mail and express.

'* Sources: Transit fue) consumption, Reference 27. Other fuel figures,
Reference 28. Transit passenger-miles calculated from
passenger data in Reference 29 by means of the passenger-mile
factor of Reference 30. Other passenger-miles from reference
27.

lent to 2,141 Btu/passenger-mile (1.4 MJ/passenger-km),
or 64 passenger-miles/gal (27 passenger-km/litre). The
Metroliner design is, in fact, somewhat heavy; new, im-
proved state-of-the-art passenger trains could have an en-

.ergy consumption as low as 360 Btu/seat-mile (electric)

(240 kJ/seat-km). Regenerative braking could further re-
duce energy consumption 25 to 40 percent by 1990. Thus,
during the 1990s, primary energy consumption per
passenger-mile for corridor trains may be in the vicinity
of 1,000 Btu (660 kJ/passenger-km), or 138 passenger-
miles/gal (59 passenger-km/litre) (12).

On the other hand, there is a desire for greatly increased
speed in rail service. Because the energy consumed in over-
coming aerodynamic drag increases as the second power of
velocity, it is possible that a significant portion of this
saving may be lost.

Depending on how the trade-off between efficiency and
speed is resolved, future passenger rail service may show
efficiency gains large enough to save about 0.2 percent of
total direct transportation energy (TDTE) by 1990. Fur-
thermore, an increasing fraction of energy for rail passenger
service will be supplied by coal or nuclear prime movers,
possibly sufficient to reduce petroleum consumption in 1990
by the equivalent of another 0.1 percent of TDTE.

AIR

Pollard, Hiatt, and Rubin summarized the data on air ser-
vice and energy consumption for domestic air passenger
service by certificated carriers in 1972 as given in Table
23 (12).

The Council on Environmental Quality analyzed the av-
erage fuel efficiency of air transportation in great detail as
given in Table 24 (8). Because fuel costs represent ap-
proximately 23 percent of total operating costs, airlines are
expected to implement strategies to increase fuel efficiency,
given an increase in fuel prices. Two basic methods are
available: increases in passenger load factors and changes
in operational procedures. These are discussed in Chapter
Four.

Airplane energy intensity depends on both airplane type
and stage length. This fact is shown dramatically in
Figure 8 (32). Energy intensity decreases rapidly as stage
length increases. The reason for this improved fuel use with
increasing range is that nonproductive flying (takeoff, climb,
landing, and terminal maneuvering) becomes less signifi-
cant. Fuel use is also sensitive to airplane configuration.
The large, wide-bodied, high-bypass-ratio-engine airplanes
tend to be more efficient than the smaller, standard-bodied,
low-bypass-ratio-engine airplanes. Most of the long-range
airplanes have peak fuel use at stage-length ranges of 2,000
to 3,000 miles (3 200 to 4 800 km). At payloads of less
than 200 passengers, the smaller airplanes are more fuel
efficient because they operate at higher load factors.

The greatest potential for increasing the fuel efficiency
of commercial aircraft lies in increasing passenger load
factors. Fuel consumption in jet aircraft is relatively in-
sensitive to increasing weight; the Boeing 727-100’s fuel
consumption, for example, increases only about 0.3 percent
per additional 1,000 Ib (450 kg) at normal loaded weights.
Thus, the additional fuel required for higher payloads is



TABLE 23

AIR PASSENGER SERVICE AND ENERGY
CONSUMPTION, 1972 (12)

Direct fuel consumed]

thousand bb1/day 490

million gal/year 7,536

trillion Btu/year 946

percentage of TDTE 5.2
Service rendered2

million passenger-miles/year 121,820
Average efficiency

Btu/passenger-mi]e 7,766

passenger-miles/gal 16

]Passenger-service fuel consumption was computed to
be total passenger/cargo aircraft fuel use (Refer-
ence 31) minus marginal fuel use for the weight of
belly cargo.

2From CAB, Air Carrier Traffic Statistics, December
1972.

quite small, and improved fuel efficiency is almost directly
proportional to increased load factor.

Passenger load factors have declined almost steadily for
20 years. In 1951, the passenger load factor for the major

domestic carriers was 70 percent; for the past several years

it has been near 50 percent (33). This decline was due to
several factors, the more important of which were the
advent of jet aircraft, with their lower break-even load
factor; the excess capacity caused by optimistic projec-
tions of demand growth; the addition of wide-bodied air-
craft; and the regulatory policies on service levels and
competition.

Load factors rose sharply in response to the fuel short-
age. Figures for March 1974, the height of the fuel
shortage, show that the combined load factor for domestic
trunks and local-service carriers was 58.7 percent, com-
pared with 49.7 percent for March 1973 (34). This rapid
increase indicates a potential for substantial improvement
in load factor. If a 60 percent average load factor for do-
mestic service were achieved, fuel requirements would be
about 16 percent less than those for a 50 percent load fac-
tor. If a 70 percent load factor (which is considered to be
a practical upper limit) were achieved, aircraft fuel con-
sumption would be approximately 28 percent less than it is
with a 50 percent load factor. ,

Data on fuel consumption for general aviation are scarce.
For the period from FY 1972 to 1976 inclusive, fuel con-
sumption of domestic air carriers showed little change,
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Figure 8. Energy intensiveness (El) as a function of stage length (32).

whereas the FAA estimates that general aviation use of jet
fuel has doubled and use of aviation gas has increased by
about 25 percent (58). General aviation uses about 7 per-
cent of all jet fuel and 96 percent of the aviation gas, for
a total of about 12 percent of the fuel consumed in domestic
civil aviation.

BICYCLE

The bicycle is a remarkable transportation invention re-
quiring even less energy per unit-distance than walking.
Hirst has estimated that the total energy used for bicycling
(food, bicycle manufacture and sale, repairs and mainte-
nance, tires, and bikeway construction) amounts to about
1,300 Btu/mile (850 kJ/km) (19). Included in this esti-
mate is 790 Btu/mile (520 kJ/km) for food; this may be
larger than that required for the bicycle trip alone.

5000
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TABLE 24
FUEL-EFFICIENCY DATA BY AIRCRAFT EQUIPMENT GROUPS, 1972° (DOMESTIC AND INTERNATIONAL) (8)
) Fuel MG Passenger-Miles Per|Average Sta
EQUIPMENT GROUP Passenger-Miles BTU per . Consumption Passenger~Miles Available Seat.Mile Leﬁgth ge
. per Gallon Overall Ton-Mile ; :
(Passenger/Cargo Aircraft) ™ 4
ousa 3113
Gallon Millien Load Factor 3 Miles
{‘O)IESTICb
4FK (B-747)°¢ 18.8 56,505 632,719 11,930 45,8 1962
JFW (L-1011, DC-10) 18.8 58,680 271,119 5,100 45.4 1079
4FR (B-707b, DC-8) 14.5 79,209 1,934,594 28,088 S1.% 993
3FR (B-727) 15.1 79,011 2,591,723 39,240 55.1 525
2FR (B-737, DC-9) 16.3 73,990 937,731 15,315 $9.3 320
4JR (B-707, DC-8) 11.2 104,751 792,178 8,888 51.9 836
4 Turboprop 9.3 139,801 12,085 113 . 431 207
TOTAL 15.2 d 76,817 7,172,149 108,674 52.7 .-
(15.0) \
INTERNATIONAL
4FW (B-747) 24.0 43,469 759,038 18,202 54.7 2434,
IFW (L-1011, DC-10) 24.9 48,992 19,267 479 67.3 1558
4FR (B-707b, DC-8) 16.2 56,138 1,044,040 16,904 57.4 1486
3FR (B-727) 16.4 76,036 161,083 2,636 62.2 473
2FR (B-737, DC-9) 14.9 97,391 7,782 115§ 30.8 278
4JR (B-707, DC-8) 13.9 77,853 108,022 1,503 60.4 1586
TOTAL 19.0 - 56,732 2,099,232 39,842 56.4 --
%%ata for each aircraft equipment group were obtained from the 1972 Aircraft Operating
Ccat and Performance Report published by the Civil Aeronautics Board.
bDomestic travel data are for the domestic trunke only, excluding the local service
component. The domestic trunk provides 92 percent of domeatic passenger-miles. Fual
efficiency was later adjusted to account for the much lower fuel efficiency of local
gervice travel.
®The aviation 4FW refers to a 4-engine, turbofan, wide-bodied aircraft. In the other
gimilar notations, the J refers to turbojet and the R to a regular-bodied aircraft.
dPaeeenger-milaa per gallon adjusted to tnclude local service transport based on historiocal
efficiency performance relative to the domestio trunk and market share.
TABLE 25 In terms of vehicle efficiency, a bicyclist moving at

BICYCLE USE IN US. (MILLIONS)

U. S.-Manufactured Bicycles Estimated
Year and Imported Bicycles in Use* Users
1960 3.8 23.5 35.2
1965 5.7 32.9 49.3
1970 6.9 50.0 75.3
1971 8.9 53.1 79.6
1972 13.9 61.2 91.9
1973 15.3 70.0 +  100.0 +
1974 14.1 75.0 + 100.0 +
1975 7.3 75.0 + 100.0 +

* Number of bicycles in use is estimated.

Source:

Bicycle Manufacturers Assn. of America.

10 mph (16 km/h) uses only 97 Btu/passenger-mile

(64 kJ/passenger-km), whereas a pedestrian walking at

2.5 mph (4 km/h) uses 500 Btu/passenger-mile (330 kJ/

passenger-km) (20). The bicycle is efficient, both struc-

turally and mechanically. A person’s energy consumption

with the aid of the bicycle is about one-fifth that consumed -
in walking. Therefore, apart from increasing speed by a

factor of three or four, the cyclist’s efficiency rating im-

proves to number one among moving creatures and

machines (35).

Greater recognition of the potential role of the bicycle
resulted in an increase in bicycle users from 35.2 million
in 1960 to 91.9 million in 1972 (i.e., one bicycle rider for
every two persons between the ages of 7 and 69). In 1973,
15.3 million bicycles were sold (see Table 25). Despite this
growth, the bicycle is still a very smail part of the trans-
portation picture. Clearly, the bicycle can not be ignored
in any study of alternative urban transportation modes.




WATER

Less than 0.5 percent of TDTE is devoted to water recrea-
tional activities. Intercity common carriers (mainly fer-
ries) consume even less energy; service performed by them
is estimated at 4,300 million passenger-miles/yr (6.9 X 10°
passenger-km/yr) (12). Technology transferred from the
automotive industry may result in some improvement in the
efficiency of marine power plants; however, this effect is
not likely to amount to more than 0.1 percent of TDTE
(equivalent to a 20 percent reduction in fuel consumption
per boat-mile) in any year. More significant savings in
marine passenger transport could come from reduced use
of pleasure boats, the substitution of sail for engine power,
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or both. Under any conditions of fuel shortage sufficiently
severe to result in general gasoline supply restrictions, plea-
sure boating would probably decline severely, perhaps to
0.2 or 0.3 percent of TDTE. The same percentages would
apply in future years, if one assumes that demand for
pleasure boating would grow at about the same rate as the
demand for other transportation modes.

Thus, although there are some domestic-intercity and
international water passenger-transportation operations,
plus a fast-growing trend in private recreational boating,
freight traffic is by far the dominant user of water trans-
portation. Measures of fuel efficiency are available for the
freight traffic category only (see Chapter Three).

CHAPTER THREE

ENERGY EFFICIENCIES: FREIGHT TRANSPORTATION MODES

INTRODUCTION AND GENERAL DISCUSSION

This chapter compares energy efficiencies for basic types of
freight transportation modes in terms of their design, op-
erating, and use characteristics.

At present, freight transportation consumes approxi-
mately 28 percent of the energy supply (5). It is expected
to consume -a larger portion in the future, so it is impor-
tant that policies and plans be adopted to minimize trans-
portation energy requirements and still maintain required
freight transport. These plans and policies should be based
on a careful appraisal of the energy efficiencies of alterna-
tive freight transport modes, in terms of both specific and
general use. '

It is important to caution the reader that some compari-
sons of freight transportation energy efficiency are mis-
leading. In many cases in the literature, the relative effi-
ciency of different types of transportation is determined
simply by comparing the number of ton-miles hauled per
gallon of fuel. It can be shown that this is quite misleading
and is an oversimplification of a complex problem. Little
or no attention is given to the shipment and commodity
characteristics of the freight being carried by the various
modes. This practice can give the impression that modes
compete in identical markets and that any ton of freight is
the same for any commodity. In reality, the modes serve
a large number of different markets that have wide-ranging
freight-commodity characteristics and transportation re-
quirements. Although intense competition exists among
some modes in some markets, all modes do not compete in
all markets. Indeed, in many respects the modes are com-

- plementary; for example, air and rail depend on the flexi-
bility of trucks in the local distribution and collection of

commodities. The speed capabilities of air transportation
have added an important and marketable commodity, and
rail transport of truck trailers has added another element.

One facet to be considered in choice of mode is that
energy efficiency is not and can not be the sole criterion for
mode selection. Mode selection varies with the specifics of
each transportation requirement: trip length; market size;
transport time; and commodity value, perishability, and
fragility. It is important to understand the relationship
between energy consumption and commodity characteris-
tics (e.g., freight density) when comparing one mode of
transportation with another. Consideration also must be
given to the role that transportation is assigned when the
manufacturing flow process is used in lieu of maintaining
large inventories of stocks and parts.

Many other relationships need to be explored, particu-
larly the one between energy conservation and the value
of transportation. Conservation policies must take this
trade-off into proper account to avoid superficially derived
practices for conserving energy. It would be fruitless to con-
serve energy by not providing needed transportation ser-
vices; our national transportation requirements must be
met—but with intelligent expenditure -of our finite energy
supplies. This demands that the energy needed to perform
given services be compared on an objective and honest
basis.

For example, if the number of specific kinds of freight
that can be moved between specific points at a given time
is known, the amount of fuel required can be calculated for
each mode. In other words, if it is known that 50,000 tons
(45 000 t) of coal are to be transported from a mine to a
generating plant at a given time, and if the terrain to be
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traversed is known, the amount of fuel that would be re-
quired to move it by each mode of transportation (railroad,
truck, water, pipeline, or even conveyor belt) could be
determined with some degree of precision.

Also, if it is known that 50,000 tons (45 000 t) of mer-
chandise of a different kind and characteristic are to be
moved from 500 known points of origin to 500 known
points of destination in a given period of time, it would be
possible to compute the fuel requirements by mode of trans-
port. In either case, the number of ton-miles per gallon of
fuel could be determined; however, these data would be
largely irrelevant for comparison purposes, because the job
being performed is different. For example, determining
ton-miles per gallon of fuel required to move fresh fruit
by the most efficient mode may be improper and misleading.

Normally, the types of traffic being handled by each
mode of transport reflect the economic efficiency of each
mode, including its energy efficiency. For the most part,
pipelines move bulk liquids in heavy volume between fixed
points. Water carriers move long-haul bulk commodities
in large shipments between points on navigable waterways.
Railroads move heavy, dense commodities in large volume
in medium-to-large shipments between points on their lines.
Air carriers move high volumes of small shipments of a
priority nature. Trucks move virtually everything that is
transported in the local and urban areas as well as moving
intercity freight that is transported in small lots or that
demands prompt delivery or special handling. Trucks also
participate in the movement of all intercity freight trans-
ported by other modes originating and/or terminating at
points not directly served by those modes.

A comparison of the amount of petroleum consumed by
a number of transportation modes can demonstrate vari-
ances in their energy efficiencies. Consideration needs to
be given to the fact that up to half of the travel by some
trucks, rail cars, and barges takes place when the vehicles
are empty. Also, consideration of typical situations and
conditions of operation reveals that at times alternatives to
apparently inefficient situations may actually require addi-
tional petroleum to accomplish the transportation task. A
paper by French includes a revealing set of examples of
truck operations to show how variable the energy efficiency
of trucking operations can be in typical trucking situations
(36). Results varied from 30 to 103 ton-miles/gal (11.6
to 39.7 t-km/litre), depending on varying operational fac-
tors in the four hypothetical examples of intercity trucking
operations evaluated. The procedures considered are shown
in Figure 9.

The four examples are based entirely on assumed weight
as the measure of truck capacity. With typical semi-trailer-
van dimensions and with allowances for loading clearances,
a shipping density of more than 15 Ib/ft> (240 kg/m?3) is
necessary to achieve the assumed 30-ton (27-t) payload.
Furniture, appliances, toys, and most general merchandise
packed for retail sale are well below this density. Bev-
erages, machine parts, some produce, and liquids such as
paint are much heavier. Thus, the truck operator who can
assemble loads of mixed commodities can more nearly

achieve an optimum density that approaches both the
weight and volumetric capacity of the vehicles. This may
also reduce the total number of truck trips required to
transport large amounts of freight. Tons shipped is there-
fore an effective measure of comparative fuel efficiency
only when shipping densities are similar. For fuel efficiency
comparisons, ton-miles-per-gallon values are useful when
commodities of similar densities are involved; however, load
size, vehicle type or mode, and distance may vary.

Transportation modes are subject to different system and
equipment constraints, operational procedures, and data re-
porting methods. An understanding of these differences is
basic to an objective assessment in comparing modal fuel
use.

Gross modal efficiency is usually specified as the ratio of
system revenue ton-miles to system fuel consumption. The
method is fundamentally invalid for modal comparisons
because, as stated earlier, different modal systems address
different markets. Also, the quality of the source data
varies so widely that the results are controversial. The
first difficulty is that of distance bookkeeping. Aircraft data
give distance credit only for great-circle miles. Statistics for
aircraft fuel consumption involve actual miles flown, which
usually exceed great-circle distances. Clearly, this book-
keeping system is different from those used by the ground
modes, which are credited with either the actual travel dis-
tance or the rate-making distance. Both measures exceed
the great-circle distance on most trips, resulting in an over-
statement of the transportation service provided.

Trains, for example, are subject to wide variations in
cruise speed, terrain, track curvatures, and local track
quality, all of which impose speed constraints. For many
trains, actual fuel efficiency is less than SO percent of the
idealized fuel efficiency.

The assumption of straight track or road ignores the
geographical and system constraints that contribute to cir-
cuity or additional route-miles traveled from origin to des-
tination. Particularly misleading are comparisons that use
idealized analysis for one mode and operational data for
another mode.

The reader is to be cautioned in the proper use of data
on energy efficiency. These data are useful when the con-
straints under which they should be used are both stated
and understood.

Comparisons of data on mode efficiency should be made
only if the data address the same markets and are related
to the performance of the same transportation job. Such
a comparison is, then, a measure of each mode’s efficiency
in performing a particular transport task as well as its
efficiency relative to other modes in performing the same
task. Values reported in the literature for the efficiency of
each mode of intercity freight transport are contained in
Table 26, which gives the data in ton-miles per gallon and
Btu per ton-mile for truck, trailer-on-flatcar and container-
on-frame-car, railway, waterway, airplane, and pipeline.
The energy efficiency values have been gathered from a
number of the references consulted for this synthesis. The
energy intensities for the individual transport modes are
presented in the balance of this chapter.



Example I

Example I1

377 709.22 gallons

Ten-Miles 30T x 200 miles = 6,000 ton-miles
7T x 250 miles = 1,750 ton-miles
7,750 ton-miles

B-U Empty 60 miles @ 6 m.p.g. 10.00 gallons
U-C Empty 40 miles @ 3 m.p.g. (urban stop & go) _13.33 gallons
TOTAL 132.55 gallons

Ten-Miles/Gallon = 7,750 + 132.55 = 58.47 ton-miles/gallon
. Tons Shipped per Gallon = 37T + 132.55 gallons = 0.2791
Empty mileage 100 miles ¢« 550 = 18.18 percent

- B
250 miles 30 T =t 250 miles
A = c A -
- 77 -— Empty
I. Full Load QOut, Long Dead Head for Partial Return Load I1: Full Leads Out and Empty Backhaul
A-8 Loaded 30T 200 miles @ 3.5 m.p.g. = 57.14 gallons A-B Loaded 30T 200 miles @ 3.5 m.p.g. = 57.14 gallons
C-A Loaded 7T 250 miles @ 4.8 m.p.g. = 52.08 gallons C-A Loaded 30T 250 miles @ 3.5 m.p.g. = _71.42 gallons

860 450 128.56 gallons

Ton-Miles 30T x 450 miles = 13,500 ton-miles
A-C Empty 250 miles :
B-A Empty 200 miles
450 miles @ 6 m.p.g. = _75.00 gallons
TOTAL 203.56 gallons

Ton-Miles/Gallon = 13,5007 + 203.56 gallons =

66.32 ton- m11es/gallon
Tons Shipped per Gallon = 60T + 203.56 gallons = 0.2947
Empty mileage 450 miles + 900 miles = 50.00 percent

Example III

30 7 —> 8

Empty
A 200 mites 10 miles
= 30T C

Example IV

250 miles

- 7T

"III: Full Loads Out and Full Backhaul

A-B and C-A Loaded 30T 400 miles @ 3.5 m.p.g. = 114.28 gallons

Ten-Miles 30T x 400 miles = 12,000 ton-miles

B-C Empty 10 miles @ 6 m.p.q. = _1.67 gallons
: 715.95 gallons

Ton-Miles/Gallon = 12,000 ton-miles/115.95 gallons =

103.49 ton-miles/galion .
Tons Shipped per Gallon = 60T ¢+ 115.95 gallons = 0.5175
Empty mileage 10 miles : 410 miles = 2.49 percent

IV: Partial Loads on All Links

40.00 gallons
13.04 gallons

A-B Loaded 5T 200 miles @ 5.0 m.p.g
B-U Loaded 10T 60 miles @ 4.6 m.p.q.
u-c m.p.g

Loaded 10T 40 .miles @ 2.6
(urban stop and go)
C-A Loaded 7T 250 miles @ 4.8 m.p.q.

20.00 gallons
52.08 gallons

125.72
Ton-Miles 5T x 200 mites = 1,000
10T x 100 miles = 1,000
7T x 250 miles = 1,750

3,750 ton-miles -

Ton-Miles/Gallon = 3,750 ton-miles + 125.12 gailons =
29.97 ton-miles/gallon

Tons Shipped per Gallon = 22T + 125.12 gallons = 0.1758

Empty mileage = Zero = 0.00 percent

Figure 9. Four hypothetical examples of intercity truck operations analyzed for fuel consumption (36).




TABLE 26

ENERGY EFFICIENCY FOR INTERCITY FREIGHT TRANSPORT MODES

BRITISH
THERMAL
TON-MILES | UNIT PER
MODE PER GALLON | TON-MILE SOURCE REMARKS
Heavy - 59 2300 Rice (15) Based upon mid-1960 data.
Duty 57 2400 Mooz (37) Based upon 1967 data.
Truck 49 2800 Hirst (13) Based upon late 1960's data.
(Combinations) 123-67 1110 - 2023 DOT/NASA (17) Engineering estimate (optimistic).
51 2679 TSC (12) Based upon 1972 highway statistics.
4] 3440 Mitre (16)
85 1600 DOT/EPA (26) Based upon year 1972 ATA data.
29-103 4690 -1320 French (36) Four-case study to illustrate
operational factor impact.
TOFC/COFC Estimate - FRA (52) Discussed intermodal fuel saving
(Trailer-on- 9% fuel potential.
Flat-Car/ savings
Container-on- Estimate - Morlok (53) Compares with highway and rail.
Frame-Car) small
savings
Railway 203 680 Rice (15)
184 750 Mooz (37) .
212 650 Smith (38) Modification of Mooz (37) to
eliminate data errors.
206 670 Hirst (13) ’
418-251 330-550 DOT/NASA (17) Engineering estimate (optimistic).
204 676 TSC (12)
204 675 Mitre (16)
197 700 FEA (8) Show efficiency decreasing from 650
in 1965 to 700 in 1972.
Waterway 259 540 Rice (15)
280 500 Mooz (37)
214 655 Smith (38) Modification of Mooz (37) to
eliminate data errors.
206 680 Hirst (13)
275 509 TSC  (12)
187 750 Mitre (16)
Airplane 3.4 37,000 Rice (15)
2.0 63,000 Mooz (37)
3.0 42,000 Hirst (13)
16-8.5 7700-14,700 | DOT/NASA (17) | Enginering estimate (optimistic).
40.5 3100 (lower TSC (12) Air freight carried in lower ho]d
hold ) of passenger planes.
4.7 27,000 TSC (12)
3.3 37,500 Mitre (16)
Pipeline 302 450 Rice (15) 0i1 pipeline.
73.5 1,850 Mooz (37) 0i1 pipeline.
302 450 Hirst (13) 0i1 pipeline (assumes 20" pipe
. diameter).
206 660 - TSC (12) 0i1 pipeline.
52 2,637 TSC (12) Gas pipeline.
324 420 Mitre (16) 0i1 pipeline.
267 509 Rice (39) Update of earlier work (1974).

Source data usualiy give efficiency estimates in Btu's per ton-mile.

Ton-miles per gallon were

calculated using the following conversion factors to provide a uniform pattern throughout the

table:

Truck (Diesel 0i1)
Railway (Diesel 0i1)-
Waterway (Bunker 0il)
Airplane (Jet Fuel)
Pipeline (Diesel 0i1)

136,000 Btu/gal
138,000 Btu/gal
140,000 Btu/gal
125,580 Btu/gal
136,800 Btu/gal
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The “Study of Potential for Motor Vehicle Fuel Economy
Improvement: Truck and Bus Panel Report” is the most
comprehensive reference dealing with truck transport effi-
ciency (26). Table 27 and Figure 10 summarize the data
on truck fuel consumption. “A Summary of Opportunities
to Conserve Transportation Energy” likewise provides data
on truck service and energy consumption (12). These data
are reproduced in part in Table 28.

As demonstrated in Table 26, the literature is replete with
varying estimates of truck transport fuel efficiency, which
are usually derived by use of different assumptions, infor-
mation, or methods.

The assumptions are particularly important, because the
fuel efficiency of truck transport depends on many factors,
including equipment type, mechanical condition, speed
limit, driving technique, terrain, winds, cargo load, and
trip distance. The Boeing Company developed a model of
truck fuel economy that was found to be consistent with
operational fuel economies of a major trucking company
(see ‘Fig. 10) (40). Plots of trip distance versus fuel
economy, payload versus fuel economy, route circuity, and
package density versus fuel economy were made in the
same study and are shown in Figures 11, 12, 13, and 14.

Most trucks used in intercity freight shipments are com-
binations (tractor-trailer configurations), and an increasing
number are diesel-powered (8). FHWA data for 1972,
1973, and 1974 indicate that combination trucks had an
average fuel economy of 5.4 miles/gal (2.3 km/litre) (6).
Combination trucks carried loads on approximately 70 per-
cent of their trips, and these loads averaged 13 to 14 tons
(11.8 to 12.7 t) (55). Thus, the fuel intensiveness for*
combination trucks was 49 to 53 ton-miles/gal (19 to
20 t-km/litre), or 2,800 to 2,600 Btu/ton-mile (2.0 to
1.9 MJ/t-km).

Data covering operations of single-unit trucks show that
their average fuel economy was 10 miles/gal (4 km/litre)

55 MPH POSTED SPEED LIMITS

HIGH MPG

NS
AN LOW MPG

Gvw - 57,000 LB

FUEL ECONONY ~ MILES PER GALLON

0 500 1000 1500 2000 2500
TRIP DISTANCE ~ ROUTE STATUTE MILES

Figure 11. Intercity-truck fuel economy versus trip
distance (40).
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Figure 10. Truck fuel-economy model (55-mph posted speed
limits) (40).

(6). Approximately 50 to 55 percent carry loads, and
these loads average about 3 tons (27 t) (55). Thus, the
fuel intensiveness for single-unit trucks is 15 to 16.5 ton-
miles/gal (5.8 to 6.4 t-km/litre), or 8,300 to 7,600 Btu/
ton-mile (6 to 5.5 MJ/t-km). These single-unit trucks
carry only about 11 percent of the ton-miles on main rural
roads.

® TRIP DISTANCE - 1000 ROUTE MILES
® TYPICAL 5 AXLE COMBINATION TRUCK

BASED ON AVERAGE STATE REGULATORY VEHICLE
WEIGHT LIMIT FOR 5 AXLE COMBINATIONS

FUEL ECONOMY ~ MILES PER GALLON
w

0 5 10 15 2 %
PAYLOAD ~ TONS

Figure 12. Effect of payload on intercity-truck fuel

economy (40).



TABLE 27
~ TRUCK FUEL CONSUMPTION (26)

Industry Duty Class Medium Duty Light Heavy Duty Heavy Duty
Category - Weight Class 111 v v VI VII VIII
Gross Vehicle Weight 10,001 to | 14,001 to | 16,001 to 19,501 to 26,000 26,001 to 33,000 over 33,000
(pounds) 14,000 16,000 19,500
Most popular models Van, Multi-stop, Stake Van, Dump, Stake ' Dump, Van tragqgﬁk;;;gggg:ion
Principal uses Pick-up and delivery, Whsle, retail, beverage Dump truck, ready-mix concrete,
agriculture, motor homes delivery, dump, agric. garbage, fuel delivery
Principal current fuel Gas Gas Gas Gas Diesel Gas Diesel Gas Diesel

New registrations
1973 calendar year* (1)

by weight class 47,607 2,216 18,185 213,569 4,270 27,000(7)| 14,000 15,000 127,000
by duty class 68,008 217,839 41,000 142,000

Total trucks (2) |
by weight class 227,000 224,000 1,144,000 (2,070,000 73,000 324,000 100,000 434,000 700,000
by duty class 1,595,000 2,143,000 424,000 1,134,000

Fuel consumed by new

1973 trucks (3)

(million gals/year)
by weight class 84 5 58 736 17 137 124 13 2,000
by duty class 147 753 261 2,131

Fuel consumed by total

in-service fleet (4)

(million gals/year)
by weight class 217 253 1,647 3,340 240 773 807 2,344 8,627
by duty class 2,7 3,580 1,580 10,97

% of total fuel
consumed (5) }
by weight class 0.2% 0.2% 1.5% 3.1% 0.2% 0.7% 0.7% 2.2% 8.0%
by duty class 1.9% 3.3% 1.4% 10.2%

Miles traveled per year
for new trucks (6) : :
by weight class 15,000 17,000 19,000 20,000 28,000 27,000 53,000 43,000 " 90,000

% of total trucks
for each duty class

by primary use (6) Gas Diesel
local-urban . 88% 88% 74% 76% 35%
short range 9% 10% 23% 20% 33%
long range 3% 2% 3% 4% 32%

Average miles per year
for each duty class by
driving mode (6)

local-urban** 8,900 8,700 15,400 12,700 22,500
short range 20,800 20,400 28,400 26,800 53,000
long range 16,000 29,500 53,000 42,900 90,000
weighted average 10,400 10,500 20,000 16,600 54,000
Average fuel economy by
weight class and,
driving mode (MPG) (6)
local-urban 8.3 6.8 5.8 5.7 6.8 5.3 6.0 4.9 5.7
short range 8.6 7.1 6.1 5.7 7.0 5.3 6.0 4.9 5.7
long range 8.6 7. 6.1 6.0 7.0 5.3 6.0 4.9 5.7
weighted average 8.5 7.0 6.0 5.8 6.9 5.3 6.0 4.9 5.7
Vehicle ton-miles per
gallon by duty class
and driving mode (6)
local-urban -16.6 15.6 17.4 39.9 47.6
short range 17.2 16.3 18.3 39.9 49.0
long range 17.2 16.3 18.3 42.0 49.0
weighted average 17.0 16.1 18.0 40.6 48.3 58.7 66 73.5 85.5
* Calendar Year from 1/1/73 to 12/31/73. Sources (continued):
** Local-urban - Pickup and delivery service within the city. vehicles. Road user and property taxes on selected vehicles
Short range - Undﬁr 202 mile round trip-return to base @) 1973,U. S. Department of Transportation, ATA data.
each night. 4

Fuel consumed, all years - ATA data for 1972 updated to 1973
Long range - Over 200 mile - Line haul across country. by a factor of 1.025, road user and property taxes on .
selected vehicles 1973 U. S. DOT and ADL estimates.

Sources: : (5) % of total fuel for a]‘l automotive sources - Estimate based

(1) 1973 Registration - Wards Automotive Yearbook 1974. upon 1972 ATA data, and 1972 highway statistics (DOT).

(2) Total in service - American Trucking Association data (6) Mileage per veh1c1e per year, Average fuel consumed per
for 1972 updated to 1973 by a factor of 1.025 plus 1973 vehicle, miles/gallon, ton-miles per gallon - ATA data,
motor truck facts, Motor Vehicle Manufacturers Assn. 1972.

(3) Fuel consumed 1973 mode) - Estimate based upon average (7) 1973 Registration - Estimate based on Wards Automotive

mileage per year and fuel consumption data of typical Yearbook 1974 and 1973 Motor Truck Facts.




TABLE 28
TRUCK SERVICE AND ENERGY CONSUMPTION

HEAVY~DUTY SINGLE-UNIT

LIGHT TRUCKS TRUCKS ALL SINGLE-UNIT TRUCKS COMBINATION TRUCKS ALL TRUCKS
(2 axle < 10,000 1b) ( 6 tires, 10,000-33,000 1b) ve (33,000 LB)
INTER~ " INTER~ INTER- INTER- ' INTER-
. URBAN CITY TOTAL | URBAN  CITY  TOTAL URBAN CITY TOTAL URBAN cITY TOTAL URBAN CITY TOTAL
Direct Fuel Consumed:
Thousand bb1/day 1972 368 458 826 272 338 610 640 796 1,436 162 399 561 802 1,195 1,997
1974 4
Million gal/year 1972 5,648 7,026 12,764 | 4,68 5,186 9,354 | .9,816 12,212 22,118 2,488 6,112 8,600 | 12,304 18,324 30,718
1974 12,191 8,934 : 21,125 10,101 31,226
Trillion Btu/year 1972 706 878 1,533 521 686 1,170 1,227 1,564 2,703 339 231 1,170 1,566 2,395 3,783
1974
Percentage of TDTE 1972 3.80 4.73 8.54 2.81 3.49 6.30 6.6 8.23 1480 | - 1.68 4,12 5.80 8.29 12.35 20.64
1974 | - .

Service Rendered:

Million VMT/year 1972 66,425 82,645 149,070 | 28,541 35,511 64,052 9‘4,9‘67 118,155 213,122 13,485 33,128 46,613 | 108,452 151,283 259,735
1974. 80,047 81,133 161,180 | 24,182 26,007 50,189 |104,229 107,231 211,460 | 10,110 45,949 56,059 | 114,339 153,180 267,519

Million ton-miles/year 1972 20,465 21,190 41,655 | 53,071 82,718 135,789 73,536 103,908 177,444 { 107,023 323,874 - 430,897 | 180,559 427,782 608,341
1974 30,011 22,042 52,053 | 47,794 62,104 109,898 77,805 84,146 161,951 80,137 432,403 522,540 | 157,942 526,549 684,491

Data Source: FHWA Office of Hwy. Statistics. )

Light trucks are used primarily for personal transportation and seryices, so simply dividing their total energy
consumption by total freight carried would yield a distorted measure of efficiency. For those trucks used
strictly as cargo vehicles, efficiency is estimated at 7106 Btu/ton-mile by the PHNA Cffice of Highway Statistics.

1213
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Figure 13. Truck route circuity (40).

RAIL

The railroads are the largest transporter of domestic inter-
city freight in the U.S. in terms of ton-miles. In 1975,
Class I railroads carried 753 thousand million revenue
ton-miles of freight (1.10 X 10'2 revenue t-km), compris-
ing an estimated 37 percent of total intercity freight ship-
ments (56). Although the rail system is capable of carry-
ing freight of widely varying characteristics, it currently
specializes in the transport of primary commodities, with
mining, agricultural, and forestry products accounting for
43 percent of total carloads in 1975 (56).

Locomotives currently in service are predominantly
diesel-electric, consuming fuel in the middle-distillate range.
In 1975, Class I railroads owned 28,524 locomotive units;
28,289 were diesel-electric, 224 were electric, and 11 were
steam (56).

The new diesel-electrics have power ratings as high as
6,000 hp (4.5 MW), with developments in technology pro-
viding superior performance in terms of reduced mainte-
nance and increased tractive force. The average horse-
power per locomotive has increased regularly since the
introduction of the new generation of equipment in 1961;
thus, increases in traffic have been obtained with fewer
units.

Despite the efficiencies of more modern equipment, fuel
efficiencies in rail freight have decreased slightly since 1965
(see Table 29) (8). Class I railroads consumed 650 Btu/
revenue ton-mile (470 kJ/revenue t-km) in 1965, but they
consumed 700 Btu/revenue ton-mile (510 kJ/revenue
t-km) in 1972, It appears that this was caused primarily
by a deterioration of car use over the seven years. Non-
loaded car-miles in 1972 comprised 43.5 percent of total
rail freight car-miles, compared with 39 percent in 1965
(8).

It is important to note that fuel expenses for rail freight
represented only about 4.4 percent of fully distributed costs
attributable to freight in 1972 (8) and are therefore less of
a driving force for increased fuel conservation than they are
with most other modes.
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Figure 14. Effect of package density on intercity-truck freight
fuel use (40).

Average rail-freight efficiency has been calculated at
676 Btu/ton-mile (490 kJ/t-km) on the basis of the data
in Table 30 (12), which also gives data on rail service and
energy consumption. Figure 15 summarizes average rail-
cargo loads; Figure 16 shows average route-haul distance.
Both measures are useful in a consideration of rail freight
service.

Dramatic improvements in rail energy efficiency occurred
during the postwar years through dieselization. That tech-
nology is now mature, so only very minor additional gains
are possible, mainly through turbo-charging more locomo-
tives. However, significant petroleum savings can even-
tually be achieved through rail electrification—perhaps as
high as 2 percent of TDTE. It is widely believed that even
if the economic case for electrification does not demand
immediate implementation, long-term trends in fuel prices
(i.e., higher rates of increase for liquid fuels than for elec-
tricity) may ultimately result in the construction of cate-
naries over the high-density lines in the U.S. High-density
lines constitute 10 to 25 percent of the track mileage but
are responsible for 80 percent or more of rail ton-mileage.
Because of the enormous construction costs involved, elec-
trification will necessarily be a slow process.

The electric locomotives currently in use exhibit about
the same over-all efficiency as the diesel-electrics, hence
they offer no energy savings but do offer petroleum savings.
Electric locomotives that should begin to enter the fleet in
the 1980s are expected to incorporate regenerative braking,
which will yield an over-all energy saving of 25 to 40 per-
cent. Assuming that electrification is justifiable on lines
carrying 80 percent of the ton-mileage and that implementa-
tion is 50 percent complete by 1990, the petroleum savings
could amount to about 150,000 bbl/day (24 X 10°¢ litre)
and the energy savings could equal as much as 0.6 percent
of 1990 TDTE (12).

Besides these technology changes, it is also possible that
the rail-traffic mix may shift more toward bulk commodities
hauled in unit trains. These trains operate as efficiently as
300 Btu/ton-mile (220 kJ/t-km). An increasing market
share for them could provide further improvement in the
over-all rating of rail efficiency.

® TRIP DISTANCE = 1000 GREAT CIRCLE MILES
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TABLE 29
FREIGHT FUEL EFFICIENCY OF CLASS I RAILROADS (8)
Line Haul® ] Switchingb b
Electricity | BTUs per | BTUs® per
1 Ci1l Nexidual 01l Diesel Cil Residual 0il {Millions Revenue Gross
ions {Millions of ] (Millions {Miliions of of . XNHs) Ton-Mile | Ton-Mile
Gallens) Gallons) of Gallons) Gallons)
g 3 -- 375.2 -- 468 700 280
: : .6 -- 375.8 . o-- 371 690 280
: P *
i . 76408 33208 -- 353.9 -- 417 650 270
i [ 787.8 3356.1 32.3 357.4 -- 430 660 280
: - ! —
: PooTie.: b 3035007 43,4 354.3 -- 551 660 280
i FRTE A 657.5 2325.4 70.8 341.9 -- 603 650 280
Mrs.ivz: Aescoinbion of fAmericen Raiiroade, Yecerbook of Railrosd Facts: 1973 Edition.
Yigiwec: Intorcicia Commercs Commiusion, Tranerort Statiaztice in the United States, Part I - Railrocds,

i67Z az yet unpublished).

¢4

drrdend feom dzte ehova and Trancport Statistics, Table 162.

TABLE 30 -

RAIL FREIGHT SERVICE AND ENERGY
CONSUMPTION, 1972 (12)

AIR FREIGHT

Domestic certificated and supplemental air carriers have
experienced rapid growth in the transportation of freight.
For all U.S. carriers, ton-miles of total cargo, including
freight, express cargo, and mail, have increased in recent

Direct fuel consumed

years. Although domestic air-cargo ton-miles represented thousand bb1/day 252
less than 0.2 percent of total intercity freight in 1972, air-
lines have become an important long-haul transporter of million gal/year 3,874
low-weight, high-value products; their extremely high rates
per ton-mile relative to other modes have been counter- trillion Btu/year 539
b.alanf:ed by t_he spec::d and qualit.y of serv‘ice (8). In addi- percentage of TDTE 2.93
tion, international air-cargo services provide the only sub-
stitute for international water transportation of transoceanic Service rendered
shipments.

Certain characteristics of the air transportation industry vehicle-miles/year N/A
facilitate the development of freight service. Where de- .
mand provides large tonnage for transportation between ton-miles/year 2’853000
points and offers the potential for two-way traffic, cargo can Average efficiency (m1"lhon)
be shipped in aircraft expressly designed for freight service.
In addition, where freight volume is low or irregular, large Btu/ton-mile 676
belly capacities of current aircraft allow partial loads of
freight on airplanes in passenger service. In 1972, 58.7 per- ton-miles/gal 204

cent of total scheduled domestic shipments of the trunk
carriers was shipped in this way, whereas only 47.9 percent
was transported in passenger craft in 1967 (8). The ca-
pability of air carriers to use craft already committed to
flight provides opportunities for highly efficient use of
otherwise unused capacity. (Intercity buses have also em-

rapid since World War II; piston aircraft using aviation
gasoline was supplanted first by larger turboprop aircraft

ployed this technique for package delivery. In addition,
Amtrak offers this service between some cities.)
Technical innovation in commercial aircraft has been

and then by jets. Current aircraft are capable of cruising
speeds in excess of 500 mph (800 km/h), with capacities
reaching as high as 50 tons (45 t) in passenger configura-
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Figure 15. Average rail-cargo loads (40).
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tion. Modern aircraft use kerosine-based jet fuel at a high
rate; the Boeing 747 burns more than 3,300 gal/block h
(12 500 litre/block h) in normal operation, with craft cur-
rently predominating in freight service ranging from 1,300
to 2,000 gal/block h (4 900 to 7 500 litre/block h) (8). (A
block hour is the time from removal of the wheel blocks
of an aircraft before departure to placement of the wheel
blocks after arrival.)

The large energy consumption necessary to lift and pro-
pel an aircraft makes transportation by air freight highly
energy intensive when compared to other modes. In fact,
it is estimated that energy consumption (Btu/revenue ton-
mile) in 1972 for all freight in domestic air-freight service
was 29,600 (21 MJ/revenue t-km), as compared to 3,080
(2.2 MJ/revenue t-km) for intercity trucks, 700 (500 kJ/
revenue t-km) for trains, and 500 (360 kJ/revenue t-km)
for domestic water transportation (8). A summary of
average fuel intensiveness of air transport by type of plane
in freight service in 1972 is given in Table 31.
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Figure 16. Average route-haul distance (40).

The relative fuel intensiveness of freight carried on pas-
senger aircraft is shown in Figure 17 (40). The “Project
Independence” report concluded that previous studies vastly
overstated the fuel intensiveness of air freight by failing to
make adequate provision for the weight of equipment such
as seats, bulkheads, and air compressors, all of which are
solely attributable to passenger service (8). (Hirst of the

~Oak Ridge National Laboratory computed fuel intensive-

ness for air freight at 42,000 Btu/ton-mile—30 MJ/t-km,
and Mooz of the Rand Corporation found a value of 63,000
Btu/ton-mile—45 MJ/t-km.) Estimates of fuel intensive-
ness of air freight in passenger craft on the basis of pay-

1200

load alone agree with previous work. However, noting dif- -

ferences in aircraft capacity between passenger and cargo
cabin configurations and allocating these weights to passen-
ger service yield estimates of freight fuel intensiveness con-
sistent with those found in freighter service. Because air-
craft capacity is determined by such factors as weight of
empty planes, airport altitude, runway length, and engine
thrust capability, allocating total load weight in this man-
ner would be expected to yield more precise results. Figure
18 shows the effect of package density on the efficiency of
transport in air freighters (40).

Fuel consumption per ton-mile is high, and the share of
total airline costs attributable to fuel is also high, estimated
to be 17.5 percent of fully distributed cost for domestic all-
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TABLE 31
FUEL PERFORMANCE OF FREIGHT AIRCRAFT IN DOMESTIC AND INTERNATIONAL SERVICE, 1972 (8)
DOMESTIC
Capacity Revenue Tons Load Factor | Stage Length Z\V%ﬁgge Ton-Miles BTUs Per
Tons) Per Planc Mile (Percent) (Miles) gpccd Per Gallon Ton-Mile
: 38.1 10.38 49.4 1,337 478 4.41 30,600
f"—— -
: Fanjes h 48.9 22.1 $6.9 1,297 479 5.70 23,700
i
! |
HEREI SR Fanjet 4 41.8 19.8 46.5 1,066 473 4.38 30,800
|
i
]
P R-T27-100G/QC | Fanjet 3 19.2 12.0 62.8 816 467 3.62 37,300
{ L |
INTERNATTONAL
Revenue Tons Load Factor Stage Length x‘i'f_;ggse Ton-Miles gzeznzzr
Per i'lane Mile (Percent) (Miles) Speed Per Gallon Ton-Mile
BC-5-307 24.5 65.5 1,899 487 5.17 26,100
0C-2-63F 30.9 68.6 1,624 492 6.53 20,700
2-707-3¢0C 20.3 51.8 1,468 491 4.80 28,100
BE-727-100C/GC 12.4 62.1 836 459 6.56 20,600

@ 1100 STATUTE MILES GREAT CIRCLE

1100 GREAT CIRCLE STATUTE MILES ATA RANGE
ATA RESERVES AND ALLOWANCES

lar

Figure 17. Fuel use of freighter airplanes compared to belly

cargo in 747-200B passenger airplane (40).
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Figure 18. Effect of package density on air freighters (40).
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cargo airlines and 18.9 percent of international all-cargo
line operations (8). Because terminal and promotional ex-
penses of passenger-cargo lines are not adequately reported
to the Civil Aeronautics Board for purposes of cost alloca-
tion to freight service, these estimates are the best ones
available for application to all freight operations and are
probably representative of the sector cost structure as a

whole.

Table 32 gives 1972 service and consumption data for

scheduled air freight services (12).

TABLE 32

AIR FREIGHT SERVICE AND ENERGY CONSUMPTION,
1972 (12)

Air Lower
Freighter Hold Total

Direct fuel consumed

thousand bbl/day 24 3 26

million gal/year 364 3§ 402

trillion Btu/year 46 5 51

percentage of TDTE 0.2% ' -- 0.3%
Services rendered

million ton-miles/year 1,691 1,561 3,252
Average efficiency

Btu/ton-mile 27,000 3,100 15,527

ton-miles/gal 4.6 40.5 8.1

Ton-mile data are from Reference 33.
freight, express, and mail on scheduled flights.

Ton-miles include all
The ton-mile

split between freighters and passenger/cargo lower holds is from

Reference ¢1.
average fuel consumption.

Fuel data are based on ton-miles and estimated
Freighter fuel efficiency is from

Reference 13; lower-hold fuel efficiency is from Reference 42.

5p -
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Figure 19. Fuel efficiency of certified route carrier operations (airline) (16).

Figure 19 (16) shows the recent trend of fuel efficiency
for certified route carriers where the present gross traffic
efficiency is approximately 3 revenue ton-miles/gal (1.2
revenue t-km/litre) and the gross capacity efficiency is
approximately 5 available ton-miles/gal (1.9 t-km/litre).
As long as there is a surplus capacity in the lower hold of
scheduled passenger aircraft, an increase in use of the lower
hold has a small conservation potential. Increasing pas-
senger payload and eliminating excess capacity will reduce
lower-hold freight.

WATER FREIGHT

Domestic carriers are subject to classification by type of
carrier, regulatory status, and type of waterway traversed.
In 1972, approximately 8 percent of total domestic ton-
miles of water freight was hauled by carriers regulated by
the Interstate Commerce Commission (ICC), 51 percent
was carried by for-hire carriers not subject to ICC regula-
tions, and 41 percent was transported by private carriers
(8). Divisions of operation for domestic water carriers
include inland waterways, coastwise, and Great Lakes
movements.

The domestic water sector experienced moderate growth
from 1963 to 1972; total ton-miles of revenue freight in-
creased by 25 percent, to 631.1 X 10? ton-miles (9.2 X 10!
t-km). Coastwise and intercoastal shipments accounted for
more than half the total, and internal barge traffic increased
6.5 percent per year from 1963 to 1972 and represented
29 percent of domestic water ton-miles by 1972 (8). His-
torically, water carriers have specialized in the transporta-
tion of raw materials and refined bulk commodities, includ-
ing farm products, chemicals, minerals, and petroleum
products (see Fig. 20 and Table 33). Although the charges
for water transportation are among the lowest charges for
all modes, the carriers are the slowest. Railroads are cur-
rently the chief competition of the domestic water carriers,
combining greater speed in shipment with higher fares.
Pipelines are competitive in the shipment of petroleum
products and have made inroads into the transport of other
commodities.

Operations in the international sector include all activi-
ties of U.S. flag carriers and of U.S. import activities of
foreign flag carriers. As in the case of international air
carriers, a lack of necessary data hampers measuring and
projecting the traffic and fuel use of oceangoing vessels.
Data are not available on either revenue freight ton-miles
or total fuel used for bunkering inbound vessels. Data are
available concerning domestic bunkering of vessels in inter-
national commerce, but these include fuel used by foreign
flag carriers transporting U.S. exports—operations outside
the definition of this sector but relevant in determining do-
mestic demands. Significant portions of this vessel fuel are
imported and placed into “bonded” stocks for use in foreign
commerce. The Maritime Administration estimates that
currently more than 90 percent of total fuel loaded in
oceangoing vessels on the Atlantic coast is of this variety,
50 percent loaded along the Gulf Coast is bonded, and
Pacific-coast fuel stocks are almost entirely domestic in
origin. Demands for bunker fuel by overseas carriers are
thus significantly influenced by the relative prices of foreign
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Figure 20. Principal commodities carried by water, calendar year 1974 (7).



TABLE 33
MOVEMENT OF PETROLEUM IN U.S. WATERBORNE TRADE, 1948-1974 (THOUSANDS OF SHORT TONS) (7)

Domestic Trade
Local, Intraport,? Lakewise ) _ '
Coastwise? and Intraterritory and Internal Total Domestic All Waterborne Trade, Foreign and Domestic
T
Petroleum
All Other as a Per
Cruue Oil | All Other|Crude Oil]All Other [Crude Oil | All Other | Crude Oil | All Other All Crude Oil | Foreign and Cent of
and Domestic| and }Domestic| and Domestic and Domestic | Domestic and Domestic Total Total
Year | Products Trade [ Products| Trade |Products Trade Products -Trade Trade Products Trade Trade Trade
1974 | 182,838 50,520 | 61,473 { 30,779 | 163,138 493,951 407,448 575,222 982,670 736,204 1,010,584 1,746,788 42.1
1973 | 184,727 52,068 | 63,713 | 33,793 | 172,765 487,093 421,206 572,952 994,158 757,987 |1,003,565 1,761,552 43.0
1972| 192,443 50,217 | 59,124 | 33,025 | 175,037 476,966 426,603 560,209 986,812 680,571 936,222 1,616,793| 421
19711 197,284 45,632 | 52,986 | 30,523 | 166,522 453,651 416,792 529,806 916,598 635,949 876,635 1,512,584} 42.0
1970| 192,552 45,889 | 48,286 | 34,819 | 161,830 476,379 402,668 548,059 950,727 604,243 927,454 1,531,697| 39.4
1969 | 171,985 44,723 | 49,030 | 39,872 | 157,847 463,942 378,863 548,537 | 927,399 567,396 881,316 1,448,712 39.2
1968 | 168,250 46,000 | 47,503 | 44,846 | 145,249 436,041 361,003 526,887 887,889 534,949 860,890 1,395,839] 38.3
19671 167,012 47,635 | 45,778 | 58,020 | 137,511 414,678 350,301 520,333 870,634 505,064 831,542 1,336,606 37.8
1966 158,752 49,622 | 42,707 | 57,755 | 131,417 422,472 332,877 529,848 862,725 488,397 845,719 1,334,116 36.6
1965] 155,183 46,325 | 41,296 | 63,055 | 127,192 396,118 323,671 505,498 829,169 473,459 799,437 1,272,896 | 37.2
1964 | 161,568 44,120 | 37,712 | 63,448 | 122,525 386,796 321,805 494,364 816,169 461,417 776,677 1,238,094 37.2
1963 | 172,835 41,018 | 40,375 | 60,236 | 122,402 351,242 335,612 452,496 788,108 470,307 703,460 1,173,767| 40.1
1962 | 173,035 42,426 | 39,194 | 64,345 | 117,501 334,305 329,730 441,076 770,805 458,714 670,690 1,129,404| 40.6
1961 | 169,798 37,102 | 38,361 | 56,671 | 114,538 316,355 322,697 410,128 732,825 443,934 618,221 1,062,155} 41.8
1960} 167,986 41,211 | 39,848 | 65,362 | 110,462 335,704 318,296 442,277 760,573 439,987 659,863 1,099,850 40.0
1959 | 164,120 41,389 | 39,641 | 68,093 | 105,634 307,855 309,395 417,337 726,732 429,500 622,902 1.052,402| 40.8
1968 | 154,858 39,192 | 41,778 | 66,479 | 102,003 291,355 298,639 397,026 695,665 414,035 590,480 1,004,515| 41.2
1957 | 153,689 42,730 | 41,487 | 71,741 | 104,625 358,590 299,801 473,061 772,862 419,341 712,061 1,131,402 37.1
1956 | 158,745 47,165 | 41,952 | 74,637 97,606 346,118 298,303 467,920 766,223 405,960 686,953 1,092,913| 37.1
1955] 153,163 42,554 | 40,825 | 73,989 90,676 343,826 284,664 460,369 745,033 377,971 638,165 1,016,136} 37.2
1954 148,564 38,676 | 36,692 | 67,438 83,752 278,673 269,008 384,787 653,795 350,327 517,312 867,639 40.4
1953 | 148,325 40,433 | 34,101 | 69,714 91,828 321,751 274,254 431,898 706,152 359,534 564,014 923,548| 38.9
1952] 143,364 40,856 | 38,498 | 66,924 93,980 276,302 275,842 384,082 659,924 357,548 529,702 887,250( 40.3
1951 | 145,868 40,805 | 37,652 | 75,793 84,218 207,650 267,738 424,248 691,986 340,889 583,093 923,982 36.9
1950 | 141,269 41,275 | 35,380 | 72,765 76,434 284,236 253,083 398,276 651,359 316,206 504,378 820,584 38.5
1949 127,367 34,064 | 33,316 | 69,322 69,965 241,329 230,648 344,715 575,363 283,460 457,261 740,721] 38.3
1948 | 134,312 39,769 | 36,633 | 77,326 66,718 275,470 237,663 392,565 630,228 284,175 509,025 793,200} 35.8 -
! Inctudes inland waterways.
2 Atlantic, Gulf, and Pacific Coasts. Includes traffic between Great Lakes ports and seacoast ports.
3lnc|udeu&rafﬁc within a single channel of a port and traffic between Lhe several channels of a port. Includes such traffic within Great Lakes ports,
Source: Department of the Army, Corps of Engineers, Waterborne Commerce of the United States Part 5, 1974, pp. 3, 7,8, 12, 13, 15, 16 and earlier editions lor prior years.

and domestic oil. Because of the relative lack of substitute
modes for international transport, overseas carriers trans-
port wide ranges of commodities and manufactured goods.
Containerization of cargo has provided the opportunity to
make international shipments truly intermodal.

The water transportation sectors use equipment varying
in size from small tugs for the local shipment of barges to
oil tankers with capacities in excess of 200,000 deadweight
tons (1.8 X 105 t). Equipment varies markedly by type of
waterway, available depth, and draft available at ports.
Similarly, fuel use and efficiency vary with type of equip-
ment. Certain vessels in Great Lakes service use coal for
fuel. Inland towboats use middle-distillate diesel fuels, and
oceangoing craft use diesel or residual fuel oil or mixtures
of the two.

Unfortunately, available data do not allow reliable esti-
mation of fuel use by type of waterway. However, mea-
sures of fuel intensiveness of domestic water transport may
be estimated for the entire sector through use of U.S. Corps
of Engineers ton-mile data (43) combined with data on
domestic water fuel use. Fuel intensiveness of domestic
carriers is estimated at SO0 Btu/ton-mile (360 kJ/t-km)
for 1972 (8). Studies by Mooz (37) and Hirst (13) esti-
mated fuel intensiveness at 500 and 680 Btu/ton-mile (360

and 490 kJ/t-km), respectively.

Smith (38) analyzed these studies by Mooz and Hirst
and concluded that using a total of 515 X 10° ton-miles
(7.5 X 10** t-km) and 337 X 10®* Btu (350 PJ) produces
a revised 1967 efficiency factor of 655 Btu/ton-mile (470
kJ/t-km) for waterway transport. The revised computation
eliminates earlier duplications in ton-mile statistical data
compilations.

Analysis of the share of fuel cost in total cost has re-
vealed significant differences among carriers operating on
different types of waterways. A sampling of ICC report
forms for a selected group of regulated carriers in 1972
yielded estimates of the ratio of fuel cost to total cost rang-
ing from 6.3 percent in coastwise movement to 11.4 per-
cent on the Great Lakes (8). A staff member of American
Waterways Operators estimated fuel cost to be as high as
15 percent of total cost for the inland carriers as a whole,
although the estimate derived from ICC data was 9 percent.
Weighting estimates of relative fuel cost by waterway type
on the basis of total tonnage shipped yields an aggregated
estimate of 9.5 percent for domestic water carriers (8).

Tables 34 and 35 give the estimated fuel consumption of
U.S. foreign and domestic waterborne commerce for vessel
operations and tug and barge operations, respectively (4).
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U.S. FOREIGN AND DOMESTIC WATERBORNE COMMERCE ESTIMATED FUEL CONSUMPTION, VESSEL OPERATIONS (4)

Anticipated Normal Operations

Parameters Affecting Consumption 1973 1974 1975 1976 1977 1978
U.S. Waterways
Billion Ton Miles 439 452 470 488 591 690
Fuel Efficiency (1,000 Ton Miles Per Barrel)* 8.78 9.22 9.68 10.16 13.42 15.73
Residual Fuel 0il Consumption (Million Barrels)
At Port (30%) 15.0 14.7 14.6 14,4 13.2 13.2
At Sea (70%) ' 35.0 34.4 34.0 33.6 30.8 30.7
Total Consumption 50.0 49.1 48.6 48.0 44,0 43.9
International Waters
- Imports and Exports (Million Short Tons) 741 767 857 970 1,123 1,170
Fuel Efficiency (Short Tons Per Barrel)t 19.7 20.7 21,7 22,7 23.9 25.1
Residual Fuel 01l Consumption (Million Barrels)
Total Consumption (All At Sea) 37.6 37.1 39.5 42,7 47.0 46.6
Total Fuel Consumption in Both U.S. and
International Waters (Million Barrels)
At Port 15.0 14.7 14.6 14.4 13.2 13,2
At Sea 72.6 71.5 73.5 76.3 77.8 77.3
Total Consumption 87.6 86.2 88.1 90.7 91.0 90.5

* Estimated to rise 5 percent per year, adjusted upward for North Slope volumes beginning in 1977.

+ Estimated to rise 5 percent per year through entire period.

TABLE 35

U.S. FOREIGN AND DOMESTIC WATERBORNE COMMERCE ESTIMATED

FUEL CONSUMPTION,: TUG AND BARGE OPERATIONS (4)

Parameters Affecting Consumption

Anticipated Normal Operations

1973 1974 1975 1976 1977 1978
Billion Ton Miles - 286 308 . 334 362 394 426
Propulsion Efficiency (1,000 Ton Miles Per . )
Horsepower of Units in Service)* 63.37 65.59 67.88 70.26 72,72 75.26
Tow and Tug Capacity in Use (Million Horsepower) 4,508 4.699 4,913 5.149 5.411 5.655
Annual Round Trip (Houré Under Tow Per Unit)t 4,030 4,190 4,358 4,534 4,716 4,904
Billion Annual Horsepower Hours of Propulsion 18.17 19.69 21,41 23.35 25,52 27.73
Fuel Efficieﬁcy'(Pounds of Diesel Fuel Per
Horsepower Hour)i 421 440 .436 2432 f427 423
Annual Diesel Fuel Consumption (Million Barrels) 25,2 28,5 30.7 33.2 35.8 38.6

* Estimated to rise at 3.5 percent per year throughout.

t Estimated to rise at 4 percent per year due to improved utilization and longer trips.

$ Calculated to decline 1 percent annually from 1975 through 1978 due to increased proportion of larger

horsepower tugs.
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PIPELINES

The pipelines considered in this section are petroleum pipe-
lines. Products carried include crude petroleum and light
products (e.g., gasoline and jet fuel). Crude and heavier
petroleum products are too viscous to transport by pipeline
without supplemental heating, especially in areas where low
temperatures increase the viscosity of these products. Op-
erations are conducted in gathering lines, trunk lines, and
distribution lines. A relatively few carriers dominate pipe-
line activities. In 1972, the three largest companies trans-
ported 142 X 10° trunk ton-miles (2.1 X 10! trunk t-km),
or 38 percent of the 379 X 10° trunk ton-miles (5.5 X 10**
trunk t-km) of regulated carriers (8). The total of pipe-
line ton-miles is estimated at 529 X 10° (7.7 X 10! t-km)
for regulated and nonregulated carriers, including ship-
ments between storage tanks and exports (8). It is thought
that most of the intrastate carriers transport crude petro-
leum. Table 36 gives data on total pipeline service (includ-
ing natural gas) and energy consumption for 1972 as esti-
mated by Pollard, Hiatt, and Rubin (12).

Direct data on fuel consumption and energy intensive-
ness of petroleum pipelines are not published in any com-
prehensive manner. The “Project Independence” report at-
tempted to develop estimates of the quantities and types of
fuels actually consumed by pipelines (8). In addition, this
report investigated the share of energy costs in total costs.

Major factors influencing the energy intensiveness of
pipelines include the viscosity of the fluid, the diameter of
the pipe, and the speed at which the product is pumped.
These factors have been analyzed in engineering calcula-
tions by Hirst; the results are given in Table 37 (13). The
estimates in this table reflect an assumed 29.5 percent con-
version efficiency to electricity and an 85 percent efficiency
of the motor-pump set. In addition, these estimates con-
stitute a wide range, indicating that each of the factors
makes a large difference in the potential efficiency of
pipelines.

Few measurements of the actual fuel intensiveness of

TABLE 36

PIPELINE SERVICE AND ENERGY CONSUMPTION,
1972 * (12)

NATURAL
Ol GAS TOTAL
Dircct fue) consumcd )
thousand bbl/day N/A N/A. N/A
million gal/ycar
tritlion Btu/ycar 317 791 1,093
percent of TNTE 1.64 4.30 5.94
Service rendered
vehicle-miles/vear N/A 1A N/A
million ton-miles/year 480,000 300,000’ 757,000
Average cfficiency
Ptu/ton-mile 660 2,637 1,528

1
Conversion to ton-miles/year assumes the average distance from source to

market to be the same as for oil.

*Sources: 0il ton-miles, Reference 27; pumping energy estimate from
engineering-handbook formulas. Gas pipeline volume and
pumping energy, Reference ¢4. .

petroleum pipelines have been published. In one estimate,
Mooz (37) calculated pipeline energy use at 1,200 to
2,600 Btu/ton-mile (0.87 to 1.9 MJ/t-km); however, this
work relied heavily on an estimate of a California utility
that was pumping residual oil through a small-diameter pipe
and on rough cross-checks from ICC data on transporta-
tion expense. By contrast, Hirst chose an estimate of 450
Btu/ton-mile (330 kJ/t-km) (13).

To provide more accurate measures of pipeline fuel con-
sumption, Jack Faucett Associates contacted a number of
large pipeline companies. Some companies provided esti-
mates of physical quantities, some provided only break-
downs of costs, and others declined to provide the data—
usually because of the expense of obtaining them from the
individual pumping operations.  Table 38 gives the respond-
ing companies’ data on energy intensiveness (8). Also in-
cluded are data for two companies that replied to earlier
Jack Faucett Associates inquiries (45).

The principal fuels used by responding companies were
electricity and natural gas, the former accounting for about
85 to 90 percent of fuel expenditures. (There are some
indications that the present percentage is slightly higher
because of recent shifts by some companies to greater use
of electric power.) The average fuel intensiveness for re-
sponding companies (including fuel used in the electric
generation process) was approximately 433 Btu/ton-mile
(310 kJ/t-km). This figure, however, would appear to
understate intensiveness for the industry as a whole, be-
cause only the large companies that tend to use relatively
large-diameter pipes were surveyed. Estimated fuel inten-
siveness for all pipeline operations (including unregulated
companies) is at the somewhat higher level of 550 Btu/ton-
mile (400 kJ/t-km). Both estimates, however, are in
reasonable agreement with that employed by Hirst (13).

Besides covering estimates of fuel intensiveness on a
physical basis, Jack Faucett Associates also collected data
from company ICC report forms, which allow accurate
estimation of fuel costs as a share of total inputs.

Oil pipelines are relatively efficient carriers and can be
improved only through increases in their effective diameters
(“looping”). Such increases will take place only gradually
and only if product flows increase significantly. Gas pipe-
lines rank rather poorly on a Btu-per-ton-mile scale; how-

TABLE 37
PIPELINE ENERGY INTENSIVENESS (13)
Pipeline Kinematic Viscosity Kinematic Viscosity Kinematic Viscosity
Diameter 0.000010 fti/sec‘ 0.00007S ftz/sccb 0.00050 ftz/scc"
(in.) Velocity (ft/sec) Velocity (ft/sec) Velocity {ft/sec)
3 6 9 3 6 9 3 6 9
8 180 5§90 1330 290 960 1850 460 1500 2870
20 60 220 450 90 310 660 140 490 980
32 30 130 260 50 170 360 80 270 S40

%xerosine at 80°F.

bc‘alifornia erude oil at 80°F.

®Light engine oil at 80°F.




ever, their high energy consumption results directly from
the low density of gaseous products. Significant changes in
efficiency are not anticipated, although decline of gas sup-
plies may reduce absolute energy consumption quite sub-
stantially during the 1980s.

COAL-SLURRY PIPELINES

At least 273 miles (439 km) of coal-slurry pipeline trans- -

porting over 4 X 108 tons (3.6 X 10¢ t) of coal per year
are currently in operation in the U.S. This method of trans.-
portation might be considered feasible on a large scale, but
it is technologically immature. However, slurry pipelines
are receiving serious consideration as a means of transport-
ing the huge quantities of coal that could be extracted from
the western coal fields as their development accelerates. A
slurry pipeline is considered an alternative to (a) transport
by unit train and (b) construction of synthetic natural gas
plants at the mine sites and transport of the resulting gas
by pipeline to existing load center.

It is estimated that the energy required for a slurry pipe-
line capable of transporting 30 X 106 tons (2.7 X 10° t)
per year would be approximately the same as that required
by rail transport. In any case, it is close enough that using
one mode instead of the other will not have a significant
impact on energy consumed in transporting the coal. In all
likelihood, the determination of which mode to use will be
based on factors other than energy consumption, such as
environmental impact of pipeline placement, water conser-
vation, and easement rights through railroad property.

OTHER PIPELINES

Pipelines are also used for water distribution, sewer collec-
tion, irrigation, gas distribution, and steam distribution. No
data are readily available on the energy requirements for
these uses.
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TABLE 38

ENERGY INTENSIVENESS OF SELECTED
PETROLEUM PIPELINE COMPANIES (8)

BTUs per ined
Company Ton-hglc Principal Fuel
1: 1970 424.8 Electricity (87%)
1971 424.8 Electricity (87%)-
1972 414.6 Electricity (90%)
1973 414.6 Clectricity (91.3%)
2: 1971 520.9 Electricity (100%)
1972 358.4 Electricity (100%)
3: 1972 432.5 Electricity (76.3%)
1973 445.7 Electricity (75.8%)
4: 1970 546.9 Electricity (87.5%)
S: 1971 1018.6 Electricity (75.68%)
1972 1067.9 Electricity (72.6%)
Estimated Weighted
Average 1972 432.91 88%
Responding Companies
Estimate for All
Companies 550 75-80%

Apdjusted to exclude fuel used on non-trunk operations
gince ton-miles were available only for trunk line
movements. The BTU's are on a production basis and
represent the BTU inputs to the utility plant when
glectricity ie the form of énergy use (i.e., 11,566
BTU/KWH) .

CHAPTER FOUR

POTENTIAL IMPACT OF ENERGY CONSERVATION OPTIONS

A useful structure for organizing alternatives for reducing
transportation energy consumption is shown in Figure 21
(16). The alternatives are conveniently organized into
these five general categories: )

1. Shift traffic to more efficient modes.

. Increase load factor.

. Reduce demand.

. Increase energy conversion efficiency.
. Improve use patterns.

n A WwWN

Conservation initiatives falling within each of these five
categories are summarized in Table 39 (I2) and Table 40
(4). The latter includes comments on implementation
methods and incentives.

Of the five categories, increasing the energy conversion
efficiency of highway vehicles will be the most important
option in the 1980s, for the following reasons:

¢ The savings potential of improving vehicle efficiency
is much larger than that of any of the other approaches,



TABLE 39

SUMMARY OF OPPORTUNITIES TO CONSERVE TRANSPORTATION ENERGY (12)

OPTION FUEL SAVINGS FUEL SAVINGS | FUEL SAVINGS INCREMENTAL COSTS (+) OR SAVINGS (-)| YEARS TO | TRAVEL | EMIS- SAFETY LIKELI-
AS X OF TOTAL IN THOUSANDS | PER UNIT OF OBTAIN TIME SIONS IMPLI- HOOD OrF
DIRECT TRANSPORT | OF BBL PER SERVICE (PM, CAPITAL INVESTMENT |TOTAL USER COST | MAXIMUM [$4 IMPLI- | CATIONS ACHIEVE-
ENERGY DAY TM OR VNH) Billion $ [ X Change|Cents/ [X Change| BENEFITS | Change) | CATIONS MENT
980 1990 1980 | 1990 | % at Bto Unit of
full Service
imple-
mentation
PASSENGER CARS
VEHICLE EFFICIENCY
Future Cars
Modest of f-
the-ghelf
improvements .
(scenario A) 8.2 15.0 848 | 1689 21 1968/va + 0.05 + 0.2 [-0.9 |-6 15 none neutral | neutral high
Advanced tech-
nology 8.7 26.4 894 | 2740 34 13168/ve + 3.7 + 12 - 15 (-1 25 none neutral |neutral medium
(scensrio B) to high
Maxfous “off-
the-shelf"
(scenario C) 10.9 21.7 1121 | 2440 31 [2829/vm + 0.9 +3 - 1.0 -7 15 nane neutcsl | neutral high
Advanced tech-
nology & shifc
to saall cars [13.1 32 1350 | 3&01 46 J6e227/vm + 5.9 + 17 -30 -2 25 none neutral | negacive | medium
{scenaxio D) tu high
Exieting Fleet
Radial tires
(pre~1975 care
only) 0.5 0 47 0 3 210/vm + 0.6 + 20 - 0.1 [-0.7 5 nune neutral | neutral | high
Other
retrofite 0.5 0 “ 0 .3 | 2700vm N/A% N/A ] [} 5 none | neutral {neucral | low
LOAD FACTOR
Carpools (work
trips only) 1
at 472 1.9 1.5 200 174 14 780/pm | negative N/A (2o 4)| -(15 to 1 +10 to -142 neutral | wedium
participation 35) 40
Carpools (work
trips only) 1
at 70% 4.9 3.8 $00 436 29 1617/pm | negative N/A (2to 6)| -(15 to 1 +10 to =302 neutral low
participation 35) 40
OPERATIONAL
IMPROVEMENTS .
Speed lioits 1.2 0.9 121 105 8 588/vm | negligi- N/A -0.5/va| -3 1 + 18 ainor eignifi-| high
55 mph ble . benefit |cant
benefit
Better aain- 0.7 0.6 75 65 1.5 1640/vm ~1 N/A 40.2/vm | +1.4 5 none signi- |none low
tenance ficent
benefit
Driving 2.4 1.9 250 215 5 46)/vem | negligi- N/A -0.4/va| ~2.3 S negli~ | minor winor sedivm
habite - ble? gible benefits| benefics .
Urban traffic 0.4 0.7 98 84 3 318/vm >1 N/A -0.2/va| -1 10 afnor ainor sinor high
flow bene- benefits|benefite
fice
SERVICE REDUCTION
Short-run
(emergency) As dictated by circumstance
Long-run
esvings from
2.6 annual
growth in VMT
ve. 4.8% .
historic rate 7.9 18.9 819 {2130 N/A N/A N/A N/A N/A N/A >20 N/A major asjor high
benefit | benefic
BUSES
VEHICLE EFFICIENCY .07 .13 7 15 20 121/pm | negligi- N/A negli- N/A 10 none none none high
ble gible
AIR PASSENGER
LOAD FACTOR 2.3 3.7 231 415 28 2174/pm | negative N/A [} ) 4 0 Propor- | none "high
IMPROVEMENT.S tional
to fusl
savings
OPERATIONAL
IMPROVEMENTS
Crutae speed 0.2 0.4 25 44 3 233/pm 0 1] ] 0 [} 2 " " high
reduction

N/A = not available (or not applicable).
1. Total direct transportation energy projections were based on the growth rate projected for the "$11/bbl conservation -case”

of the "Project Independence" report
Transportation fuel consumption in bb
consistent with the above and assuming 5.8 million Btu/bbl with 95% of TOTE from liquid fuels in 1980 and 92% in 1990.
. See Ref. (12) for scenario definitions.

However, retrofitting entire fleet with fuel-economy meters alone would cost several billion dollars.
. Assuming change is from 50% load factor to 70% load factor.

. Will require changes to air traffic control procedures and equipment.
- Preliminary FAA study indicates that the value of the fuel savings would defray capital and operating costs of tow vehicles.

NV B W n

8), which anticipates implementation of some of the measures described in Ref.

ay 1s projected at 8.9 million bbl/day in 1980 and 9.4 million bbl/day in 1990,

(12).



TABLE 39 (continued)
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OPTION FUEL SAVINGS FUEL SAVINGS | FUEL SAVINGS INCREMENTAL COSTS (+) OR SAVINGS (-) | YEARS TO | TRAVEL | eMis- | sAFery [uixert-
AS T TOTAL IN THOUSANDS | PER UNIT OF OBTAIN TINE SIONS | 1MPL1- [HOOD OF
DIRECT TRANSPORT | OF BBL PER | SERVICE (PNM, CAPITAL INVESTME... |TOTAL USER COST | MAXIMUM { (X IMPLI- | CATIONS |ACHIEVE-
ENFRCY DAY T™ OR VM)(19%90) Billton S| ¥ Change]Cents/ [2 Change | BENEFITS | Change) | CATIONS MENT
1980 | 1990 1980 | 1990 | 2 at /ey Unit of
full Service
iople-
. mentation
ALR_PASSENGER |
(cont "d)
Altitude
Increase ® 0.1 0.2 i1 19 1.3 101/pm 0 0 0 0 2 0 Propor- | none wediue
tional
to fuel
savings
Ground Engine
Use Reduction 0.1 0.1 ? 12 0.8 62/pn 0 N/A 0 0 0 0 " " high
Ground Towing 0.2 0.4 22 40 2.7 210/pm 7y N/A 0 0 N/AB [ " " wediue
einor
RALL PASSENCER o 0.2 [ 30 57 2000 N/A NIA N/A N/A 15 none 1¢ | none high
WATER PASSENGER
VEHICLE EFFICIENCY| 0.1 0.1 9 1 N/A NIA N/A N/A N/A N/A 15 none | none none NMgh
SERVICE REDUCTION 0.2 0.2 1 23 N/A N/A N/A N/A N/A N/A 0 N/A N/A N/A low
DOMESTLC FREIGHT
TRUCK .
VEHICLE EFFICIENCY| 3.3 8.7 306 888 219 N/A 1 10% nega- N/A 13 none neutral | oeutral | Bigh
tive
LOAD FACTOR 1.8 2.1 178 221 N/A N/A negative N/A nega- LITY s n/a atnor ainor Hedium
tive benefit | benefit
SPEED LIMITS 0.5 0.6 46 66 2.3 N/A N/A N/A +0.4/ts ~3 1 +* sinor eignifi-| Uigh
bensfit | cant
beneffit
AIR
INCREASED USE OF 0.1 0.2 9 26 89 23,900/ | none N/A | nega- N/a N/A N/A minor | neutral High
P/C LOVER HOLDS 2 tive benefit
RAIL
RLECTRIFICATION | none | 0.6¢ 9 [150'%] none none wp to 15 20 N/A - N/A 20 none N/A | neutrat | Medium
MATER
OPRRATIONAL 0.3 0.3 25 29 15 76/tm negative N/A N/A N/A S N/A negligi{ N/A High
ble
PIPELINE No eignificant Opportunities for Conservation
MODE_SHIFPTS
URBAN AUTO TO:
Urban Bus 0.7 0.8 7% 86 « 1358/pm 6 600 N/A N/A 15 +200 minor ainor Low
' benef it boenef it
Urban Retl limited to a few large cities
Bicycle 0.5 0.7 - 50 8o | 100 3820/pm 0 0 -6.7 | - 100 10 -50 to | minor unknown'® | Medium
+50
INTERCITY AUTO TO:
Intercity Bus 0.2 0.2 17 20 29 489/pm 6.8 500 +1.4 + 56 15 +10 to " minor Low
50 benefic
1.4 «0 659/pm | N/A N/A N/A
Intercity Rafl - 0.012 = Nal gignificant Opportunities for Conservation'? N/A 15 none oinor winor Medium
A, 4 A
Y
SHORT-HAUL AIR TO:
Intercity auto 0.2 0.4 19 40 77 6107/pm 0 o - 15.5 - 86 S +0 to minor MEDIUM
50 benefit
Intercity Bus 0.2 0.4 2 43 85 6596/pm 0.8 60 - 6.1 | -8 15 40 to | neutral | minor |MEDIUM
60 benefit
Interctey Rat1'? ) 0.2 | 0.3 16| 28 55 4266/pm |- NIA wa o[-z |- ? 40 to WA | etnor  pEpvM
40 benefit
AIR FREIGHT TO:
Intercity Truck Ao siénfffﬂqn Ooportunities for ConaeruationlJ
TRUCK FREIGHT TO:
Ratl 0.4 1.4 3% | 141 652 1264/tm N/A NI -2 - 130 15 +25 to | atnor | minor HIGH
100 benefit{ benefit
INDIRECT CONSUMPTION
REFINING LOSS Multiply direct savings byl 1.2
VEHICLE LIFE 0 1 15 0 100 N/A N/A unkn N/A N/A N/A none none none Med
EXTENS 10N .
Not quantified, but probably aignificant
MODE SHIFTS
8. Tow vehicles are not now available.
9. Average for all classes. : :
10. Rail electrification does not necessarily save energy but does substitute coal or nuclear power for oil. Percentage savings
are greater for bbl/day than for TDTE.
11. Applies to pollutants emitted by commuter cars only.
12. Based on 1972 modal averages. Rail service in high-density corridors may be more efficient by 1990.
13. Based on marginal fuel consumption for lower-hold cargo in passenger aircraft.
14. Depends on degree of separation between bicycle and motor traffic.
15.

Although savings might eventually amount to 3% of TOTE, in 1990 the maximum likely savings is 1%.



TABLE 40
CONSERVATION MEASURE EVALUATION MATRIX (4)

tmpact Factors & Relative Valuos §

Potential .
1972 Base M Implementation Values
Conservation Conssmption 1874 1978 Methods & Relative Relative
Mode Measure {Thousand Barrels per day) Incentives Timet Costs”. Social
IR Highway
A, Passenger Cars Priority parking, reduced Reasonably short | Low Loss of intlependence,
1. Car -pooting 1,832 92 ° 325 tolls, tax deductions, in- privacy. flexitulity,
{To & From Work} surance discounts, employer] slatus, etc.
subsidies, etc.
. 3 3 1
2. Travel Characteristics
a. Driving Restrictions 3.593 38 46 Auto use restrictions as Moderate Low Artnrary nature loss
auto free zones: reduced of persond! lreedom,
parking; higher parking discriminatory, changed
rate & tolls: special per- locations of work &
mits, etc. shopping centers,
2 3 1
b. Four-Day Work Week 2,267 102 125 Employer Options Reasonably Short | Low More leisure tme
3 3 3
c. Walking & Bicycling 850 2 40 Auo and S ™ health; in-
creation of bicycle & creased local awareness:
walkways. higher accident potenniay
1 2 3
d. Driver Behavior 5,425 57 70 Driver education & effi- Moderate Low Negligible
ciency monitoring devices
2 3 2
3. Speed Limits 5425 168 190 Government Mandate Immediate Moderate Batance of satety fac-
tors- tonge: driving time
vs. lower tatality & in-
jury rates
3 2 2
4. Auto Design 4,757 0 236 E ic i ives or i
mandate
2 2 2
5. Vehicle Maintenance 5425 142 174 L] ' i or High Discriminates against tow
educational programs income group: Possible
. safety improvement
3 1 i
6. Vehicle Changes 4,757 73 361 [ Reduced satety
(Small Cars) efticiency or fuel tax-
ation; educational
programs.
. 2 2 2
7. Emission Standards and 6,164 1] 280 Government Mandate tmmediate Negligibte Possibte adverse
Lead Phasedown health impact
3 3 2
8. a. Mode Shifts {From Cars)

1. Urban Bus 4,757 0 33 Auto disincentives; bus Moderate High Loss of independence &
lanes; encouragement of fiexibility, privacy.
greater bus production status, etc. —greater
and scheduling improve- safety.
ments; government sub-
idies.

2 . 1 2

b. Intercity: Bus 0 31 Government policies tor Bus - Moderate 2| Bus-Moderate 2| Increased safety: loss

Train 0 15 encouragement and sub- Train - Long t| Train- High 1| of convenience & flexi-
Air 0 38 sidies, especially for Plane -Short 3| Plane - Low 3| bility on arrival,

train service, auto dis-

incentives {tolls & taxes),

improved service.

2
8.  Commercial Trucking 1,289 .
1. Speed Limits (Intercity) 609 18 22 Government Mandate Immediate Moderate Balance of safety facto-s-

longer driving time vs,
tower fatality rate: time
away trom family.

Economic

Longer commuting ume;
toss of tevenue 1o buse
ness and government;
lower 3110 sales. tower
commuting Cosis.

Shift ot sales patterns:
higher motoring costs:
increased government
revenues {lolls, tases,
etc.};1educes low
efficiency city driving.

Negligible

Requires legislative action

ing tots.

Relative Feasibility
Public Factor
€ p —Overall-"
Less pollution, congestion,
& noise: teduced land re-
quirements {o1 10ads & park-
4 16

Cleanee & less congested

- cities, Causes more urhan

spraw!

2 1 2
Increased sales of tecre- Negligible Reduced congestion & potlu-
ational equipment. tion; greate: demands on
recreationat areas.
2 2 2
More o1 less travel ime il Reduced & con-
depending on distance & requnes legisiation. gestion,
congestion: limited haul-
ing capacity: fower de-
mand for cars,
2 2 3
Negligibte G prog & g
encouragement would be
.| hetpiu
2 2 2
Cost in terms of los1 time | Unclear Negtigible
vs. lower driving cosis
and lowe: costs associated
with reduced fatahty &
injuty 1ates
: 2 2 2
Lower driving costs; Legislative action might Negligible
highes cost of cars be required
2 2 ?
Higher maintenance cost Legislative action might Less potlution
vs. tower tuel consump- be required
tion; Increased 1evenues
for auto maintenance
industry
2 1 3
Lower driving costs: im- Legislative action might Less pollution; lower
prove balance of pay- be required. resource requirements
ments; employment and
production curtailment
during conversion
2 2 3
Lower driving cost via Requures legislative Highert initial levels ot
i fuel effi v: |action pollution
lower retining mvestment
& cosis; lower cost cars;
[Higher costs due to
Ipollution -
3 2 1
Longer time & 5 ies and aperating Less .
lower costs; lower auto pnorities {bus lanes) & lower parking needs
sales; toss of revenues woutd require legislation,
10 business & government.
2 q
Loss of time {except air); | Subssidies & Less
expansion would create require legislation,
jobs; tower car sales &
associated revenues.
3 3
Qverall productivity loss. | Unclear Negligibte
0 2

Bus
Train
Air

Bus

16

Teain 13

Air

18

9



2. Design 559 6 7 E ot Low Negligible Negtigible Negligible Negligible
mandate. —
2 2 2 2 15
3. Weight {Heavy Trucks) 559 0 24 Government Mandate Reasonably Short | Low Negligibte y Negligibl Reduced trips & less pol-
& lower operating costs. tution & congestion.
Greater roadway wear.
3 3 18
’
4. Maintenance & Operating 559 20 7 E | Low Negligihle Lower operating costs. Negligible Negtigible
Procedure 3 2 1
5. Mode Shifts (From Trucks} 296 25 30 E L sub- High Negligible Lower Shipping costs. Questi ! Less rurat congestion,
sidies to rail 1o improve judgemem, more urhan congestion &
service pollution
2 3 1 12
C.  Intercity Buses
t. Expanded Utilization (See I. A, 8. b.}
2. Operating E fficiencies ~ Insignificant — .
D.  Roadway Improvements - Insignificant - . .
. Airways
A.  Operating Efficiencies 1,067 a1 58 Reduced cruise speeds; Reasonably short | Low Negtigible i igil Less noise & poliution
. improved traffic control;
- switch 17ining to
simutation
’ 3 3 3 18
» B. Flight Reductions 1,067 104 Unclear  Reduced flights via in- Immeciate Low Teavel Difficulties Reduce employmen; in- Negligible Less nosse, pollution &
creased load factors; creased unit costs: idle airport congestion.
economic incentives aircrali: tess ability
to absorb higher costs,
3 1 3 14
W, Railways - B
Operating Efficiencies 251 15 20 ! fuel short | Low Increased Efficiency Negligible Negligible
and maintenance; comput- -
erized contro! techniques:
—economic incentives
3 . 3 2 2 17
1V, Waterways - |
A.  Operating Efticiencies 348 23 28 Speed R short | Low Negligibte Increased Efticiency Negligible Negligible
turnaround; economic in-
centives.
3 3 2 17
B.  Mode Shifts (To Water) 0 3 Expanded use of St. Moderate Low Negligible Shift of revenues among Requires legistation Improved balance for water
t Lawrence Seaway to maxi- carriers & ports; increased and land freight traific.
mize Great Lakes. Econo- efticiency via lower .
¢ incentives thsu change transpor1ation cost,
in {reight rate schedutes.
2 3 3 16
V. Urhan Public Transit .
A, Incseasedd peak houor ridership 1,832 " 14 Auta disii ives; I ialy Negligilile Greater satety; loss of Langer commuter tima; Operaling puoisies (hus Less poltution, congestian, &
Improved sehetutiog; tns Y ", Y. tower ey, banes) wul aute disineen- Inwer parking neecds
lanes. Mivacy, status, elc., in- tower auto sabes; loss of tives would 1cquire
: . creasd crownling, staid- 1evenues 10 business | iegistation
ing, & dhscomlort gavernmeny
3 2 3 15
B.  Spreaching peak hour riclesshrp 1,832 0 69 Staggering of work hours; | Reasonably short | Low t i 10 [o] 10 normal bus. | Neghgibile Less congestion
Employer aption and thea fanulies mess patleins
3 1 3 14
C.  improved bus load factor tUnclear) 0 19 OH-peak utitization thioug| R short | M, Greater safety: loss of Longer travel time: lower | Subsidics woultl requite Less pollution; congestion &
improved sefvice and sub- indlependence, lexibility, travel costs: lower auto legistation tower parking needs
sidies “privacy, status, elc. sates; toss ol revenues to
business and government
3 H 3 1
D.  Additiona! urban buses 0 33 (See Highway Macle Shilis, M
ILA. 8.0} . N
E. - Mini-bus commuting system 1.832 ] 8 Empt bsidies & in- M. 3 M Greater safety: loss of Longer commuter 1ime; Changes in taws & regula- Less pollution, congestion &
centives; Auto disincentives H . Hexibility, tower cosis; tions and disincentives tower parking necds
Changes in laws and regu- privacy, sistus, etc. tower auto sales vs. would requite legistation
lations increased van sates
. 2 2 3 16
V). Pipelines 539 S 6 Improved efficiency of Moderate High Negtigible Negilgible Negligible | Negtigible
pumping units dependent
« on overail econamics of
operation
2 2 2 13
Vi, Miscellaneous 632
A.  Farm Equipment 278 20 23 Improved energy manage: | Moderate Low Negligihle Reduced opersting costs.  {Neghnible Improved soil conservation.
meni and reduced tillage; . .
education & economic in-
centives,
2 2 3 3 ”
B.  Construction Equip. 326 ) .
© €. Utility Engines 22 {Insignificant)
D.  Snowmnhiles 5
€. RaeCars - 5

1Rel
§ 0 i

v cost factors: 1. high: 2 - moder
intolerable: 4 - ~vgellent,

time tactors: 1 < greater.than 4 y

ikely; Numbsers in these columns arc ot additive. (See Transportation Task Group Repart ior basis of determination.s
 Iess than 4 yrs; 3 v less than 2 yrs,
3 - ow.

S Sum of artiitraty vat..: higher values indticat~ greatee frasitulity: (0tal of 19 would be neulral,

Ly
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INTEACITY TAUCKING
TO RANL

Figure 21. Alternatives for reducing transportation energy consumption (16).

because motor vehicles now consume the major share of
transportation energy and operate at efficiencies below the
state of the art. The savings could exceed 30 percent of
TDTE by 1990 (12).

e Because gains in vehicle efficiency can have relatively
little impact on the quality of the transportation service
provided, they may not require changes in the behavior of
either consumers or institutions—except for vehicle manu-
facturers, of course. )

¢ Implementing improvements in vehicle efficiency can
reduce total cost of transport; to the extent that it does, it
is favored by market forces.

The major disadvantage of this measure is the relatively
long implementation time—on the order of 20 years—
required to realize its full benefit. It should be noted, how-
ever, that because newer vehicles account for a dispropor-
tionately large share of miles traveled, the prompt imple-
mentation of programs for improving vehicle efficiency
could lower the growth rate in demand for motor fuels to
zero by 1980.

Increasing load factors is the second most important class
of options, particularly for aircraft, commuter automobiles,
and perhaps trucking. Each of these three might generate

- savings of about 2 or 3 percent of TDTE. Although an

increase in load factor tends to reduce the direct costs of
transportation, the additional travel time and/or inconve-
niences entailed might render such an approach unattrac-
tive for many potential users. The most salient advantage
of this approach is that it could be implemented very
quickly with little or no capital cost.

Operational improvements in use patterns, such as lower

speed limits or better maintenance, could conceivably gen-
erate savings of up to 5 percent of TDTE. Because some
improvements are not perceived as cost-effective by users,
government action would be necessary for their implemen-
tation. In the case of the permanent 55-mph (90-km/h)
speed limit, the injuries and fatalities avoided represent
more significant benefits than the fuel savings.

The expected declines in long-run growth rates for air
and auto travel also constitute a major element in the re-
duction in expected energy consumption. These rate
changes (from 4.8 to 2.6 percent for cars and from 14 to
less than 6.3 percent for air) are related to what appear
to be long-term shifts in demographic variables, growth
rates of the gross national product, and relative prices of
fuels. If there were a return to the pre-embargo growth
trends, TDTE would be much greater than is projected
here. -

Shifts to more efficient modes offer substantial theoreti-
cal savings, but they are not likely to be induced to a sig-
nificant degree solely by foreseeable fuel price increases.
Service improvements on the efficient modes, general eco-
nomic forces, and regulatory changes could produce in-
creases in use sufficient to save up to 5 percent of TDTE.
Such gains would require large increases in the physical
plants of the efficient modes and thus require implementa-
tion periods of about the same length as those of improving
vehicle efficiency. These large capital requirements also
mean that some mode shifts are not necessarily cost-
effective in terms of direct savings in fuel costs alone,
although they may be justifiable when other benefits are
included in the calculation.

Indirect energy consumption in transportation is about
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two-thirds as great as direct energy consumption. Ap-
preciation of this fact is relatively new, however, and op-
portunities for conservation in this area have not been
extensively researched. Such opportunities exist chiefly in
petroleum refining, vehicle manufacture, and mode shifts
(e.g., indirect energy costs per passenger-mile for rail ser-
vice are lower than those of private autos). The energy
costs associated with refining fuels for use in transportation
result in a multiplier effect (about 1.2) for all measures
that conserve direct fuel. Extending the service lives of pas-
senger cars so that fewer need be produced each year could
reduce their manufacturing energy cost by an amount equal
to more than 1 percent of TDTE. However, adverse im-
pacts on initial costs and offsetting interactions with tech-
nology improvement measures may render this option un-
attractive. Indirect energy savings associated with mode
shifts are not yet sufficiently well understood to permit
quantitative estimates of their magnitude.

Conservation implementation is another poorly under-
stood matter. Knowing what actions will conserve energy
is, unfortunately, not the same as making them happen. In
general, the marketplace provides small incentive for indi-
viduals or industry to invest in more efficient vehicles, be-
cause fuel is relatively cheap even with the recent price
increases. This is true because transportation is largely a
derived demand and generally represents a small percent-
age of the total costs of final consumption of goods and
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services. Further, because energy generally represents less
than 10 percent of the total cost of transportation (except
for auto driving, in which it is approximately 25 percent),
the demand for energy for transportation is very price
inelastic.

Because the private automobile accounts for almost
80 percent of the energy used in passenger transportation
and approximately 55 percent of the energy used in total
transportation (passenger and freight), conservation mea-
sures for the private automobile are the most critical. Con-
gress has mandated improved efficiency standards for pro-
duction of new automobiles, and this will pay conservation
dividends in the decades ahead. No action has been taken
to reduce consumption either by restricting the supply or
increasing the price of gasoline, the fuel consumed by the
more than 100 million automobiles presently in use. This
situation, if unchanged, could result in a growth in vehicle-
miles traveled that more than counterbalances the effect of
improved auto efficiency. To conserve, automobiles must
be made more efficient and used more intelligently. Still
needed are policies that will make it attractive to the indi-
vidual to purchase the smaller, more efficient automobile;
to want to car pool, or van pool if possible; and to adopt
identified conservation practices. Similarly, policies that
will stimulate industry to give higher priority to energy con-
servation are still needed. Tables 39 and 40 give a useful
list of possible actions to accomplish this purpose.

CHAPTER FIVE

RESEARCH NEEDS

Certain gaps in energy data have become apparent during
the preparation of this synthesis. To facilitate future work
on this subject, research is suggested to close these gaps.
In addition, the accuracy of data is frequently unknown.
The most accurate data are available from businesses with
records subject to the reporting requirements of regulatory
agencies, such as records of fuel purchases by common car-
riers or records of revenue passenger-miles carried by air,
rail, and so on. Total gasoline sales, which are linked to
tax receipts, are well known, but their allocation among
autos, trucks, and nonhighway uses introduces some error.
Estimates of vehicle-miles traveled may contain errors on
the order of 5 to 10 percent. Auto occupancy is either not
reported in different studies or not well explained, a situa-
tion that allows for errors of 10 percent or more. Transit
systems report only the number of passengers carried, not
passenger-miles. Estimates of the length of the average
transit trip vary widely; hence, the figures reported here

can be inaccurate by 20 percent or more. Few data on
energy consumption for oil pipelines have been compiled;
the computations, based on engineering handbook formu-
las and estimates of parameters such as average viscosity
and temperature, could easily lead to errors of 50 percent.

Another problem is the use of modal averages. The
energy consumption per unit of service can vary widely
from the modal average. For example, automobile fuel
economy ranges from about 7 mpg (3 km/litre) for the
heaviest cars in urban driving to about 35 mpg (15 km/
litre) for the most efficient cars in highway driving. Oc-
cupancy varies from one to six or more. Thus, energy
consumption per passenger-mile can range from about
20,000 Btu (13 MJ/km) for a large car with one occupant
on a short urban trip to less than 1,000 Btu (0.7 MJ/km)
for a compact car carrying six persons (or a subcompact
carrying four) on the highway. Similarly, rail passenger
service requires more than 10,000 Btu/passenger-mile (6.6
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MIJ/passenger-km) for certain long-haul luxury trains re-
plete with lounges, dining cars, roomettes, and so on, but
less than 2,000 Btu/passenger-mile (1.3 MJ/passenger-km)
for bi-level commuter trains. Pumping energy per ton-mile
for oil pipelines can vary as much as a hundredfold, de-
pending on diameter, flow rate, temperature, viscosity, and
terrain.

Despite these wide variations, it is still possible to com-
pute realistic estimates of fuel savings for measures that
would have approximately the same percentage of effect on
all vehicles, such as the substitution of a more efficient en-
gine, an increase in average load factor, or a reduction in
speed limit. When mode shifts are considered, however,
one must pay careful attention to exactly which segments
of affected modes might be involved. For example, al-
though average energy consumption per passenger-mile of
intercity rail service is less than half that of air service,
there is no savings at all in diverting long-distance air
passengers to rail if long-distance trains are much more
energy intensive than the average train. Conversely, the
potential savings in diverting air travelers to auto travel is
greater than what might be calculated on the basis of over-
all automobile averages. Moreover, the implementation of
the mode shift might require or result in changes in load
factors that could enhance or detract from the energy sav-
ings. To attract automobile commuters to transit, for ex-
ample, it might be necessary to reduce peak-hour load fac-
tors. On the other hand, incentives for off-peak transit use
could boost average load factors, cutting average energy
consumption per passenger-mile.

The lack of complete historical data on auto versus mass
transit hampers analysis of such problems. In addition, the
lack of data on international air and water carriers ham-
pers measurement and projection of traffic and fuel use of
overseas aircraft and oceangoing vessels. For example, data
are not available on either revenue freight ton-miles or total
fuel used for bunkering inbound oceangoing vessels.

The “Study of Potential for Motor Vehicle Fuel Econ-
omy Improvement: Truck and Bus Panel Report” found
that the major technological shortcoming identified during
the study of fuel economy in trucks and buses involved the
obtaining of viable and equitable techniques for measuring
fuel economy (26). At the present time, there exists no
accepted set of driving patterns for either road tests or
dynamometer tests by which claims of .fuel economy can
be adequately judged. Furthermore, the most appropriate
operational pattern for evaluating each type of vehicle is
not known. High priority needs to be given to developing
test procedures for determining fuel economy. Because the
real efficiency of the commercial vehicle fleet is determined
by the fuel consumed relative to the work performed (the
transportation of material and people), the final measure
of fuel economy of commercial vehicles should reflect pro-
ductivity (such as ton-miles or passenger-miles per gallon
of fuel consumed).

In addition to the need for further research on the afore-
mentioned topics, there is a need to identify the policies that
can bring about energy conservation actions. This is a most
complex challenge involving all sectors of our society,
governmental and private.

CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

e Great care needs to be exercised in comparisons of the
energy intensity of one mode with that of another. One
should- not generalize. The theoretical efficiency of the
technology can be seriously degraded, depending on how
the transportation mode is used. For example, a fully
loaded subcompact is a very efficient mode of transport,
whereas a large automobile carrying only one or two per-
sons is significantly less so. A bus loaded with passengers
would seem to be much more efficient than the auto; how-
ever, the two can be compared only if they both serve the
same market. In many locations, the only option might be
the auto or, in the case of freight, the truck.

¢ In energy comparisons among modes, the emphasis

should be on the mode’s efficiency in getting the particular
job done or service performed. Only then are the energy
comparisons valid.

® Producing and using more efficient modes of transpor-
tation do not necessarily mean using less energy. To con-
serve vital energy reserves will require that the focus be
not only on the efficiency of the transportation modes but
also on how these modes can (and should) be used more
intelligently in an energy-limited world.

® A major national effort is being directed toward de-
veloping, building, and selling more efficient automobiles.
Unless a concomitant effort is developed to promote more
socially responsible uses of transportation, the energy con-
servation gains of more efficient autos may be dissipated by
wasteful and accelerated use patterns.



® Although technological improvement in fuel economy
must be pursued, its effects are S to 15 years away. For
early conservation gains, it is essential to focus more on
better use of the transportation technology currently in
existence.

RECOMMENDATIONS

It is recommended that transportation agencies consider
alternative ways to achieve improved use of transportation
modes. Improved use has the potential for achieving

8"
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energy savings as large as or larger than those achieved
through technological improvements. Obviously, both are
needed.

Also requiring study are these related areas affecting

travel demand and energy consumption:

¢ The value of mobility.

® The relationship between vehicle-miles traveled and
job availability.

® The long-term options for reducing vehicle-miles
traveled without causing adverse economic impacts.
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APPENDIX A
ENERGY EQUIVALENTS AND ENERGY CONVERSION FACTORS

The energy content of most fuels can vary, depending
on, among other things, their source. The following energy
equivalents are typical.

FUEL ‘ (BTU/GAL) (MJ/LITRE)

(a) Petroleum

Bunker oil (vessels) 140,000 39
Diesel oil (locomotive) 138,000 38
Diesel oil (highway vehicle) 136,000 : 38
Jet fuel (naphtha-type) 127,619 - 36
Jet fuel (kerosine-type) 125,580 35
Gasoline (auto) - 124,950 35
Gasoline (aviation) 111,190 31

(42 gallons in one petroleum barrel)

(b) Natural Gas

Dry 1,031 Btu/ft* at STP 38.4 MJ/m3
Wet 1,103 Btu/ft? at STP 41.1 MJ/m?
Liquids 4.1 X 108 Btu/42-gal bb! 27 MJ/litre
(c) Coal
Anthracite ' 25.4 X 10° Btu/ton 29.5 MJ/t
Bituminous 26.2 X 10° Btu/ton 30.5 MJ/t
Subbituminous © 15.0 X 10¢ Btu/ton 22.1 MJ/t
Lignite 13.4 X 10¢ Btu/ton 15.6 MJ/t
TABLE A-1

CONVERSION FACTORS AND ENERGY EQUIVALENTS

Frove| 81 cal kgf-m | ft-ibf | joule | hphr | kW-hr
Btu I 252.0 | 1076 | 778.0 1055 | 3.93x107*[2.93x107
col | 0.00397 I .| o.268 | 3.087 | 4.185 | 1.56xt07¢|1.16x10°¢
kgf-m | 0.00930 | 2.343 | 7.233 | 9.807 |3.65x1076|2.72x107
fr-bf | 0.00129 | 0.3239 | 0.1383 | 1.356 | 5.05xt0°7 |3.77x10”7
joule |9.48x107*| 0.2389 | 0.1020 | 0.737¢ b 13.73x1077 [2.78x1077
hp-he | 2565 | 6.40x10% | 2.76x10% | 1.98x10% | 2.68x10° I 0.7457
kwohe | 3013 |8.60x10% | 3.67x10% | 2.66x10% [ 3.60x10%| 1,341 I

Abbreviations: Btu, British thermal unit; cal, calorie; kgf-m, kilogram force metre;
ft-Ibf, foot pound force; joule, joule; hp-hr, horsepower hour; kW-hr, kilowatt hour.
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APPENDIX B

'DETAILED CONCLUSIONS OF ““POTENTIAL FOR MOTOR VEHICLE
FUEL ECONOMY IMPROVEMENT: REPORT TO THE U.S. CONGRESS"

The following detailed conclusions summarize the main
results: of the study for automobiles (23).

1. What is the fuel economy improvemeﬁt potential by
1980 and 1985?

® Fuel economy improvements may be obtained by three
major methods: technological improvements in the engine
and drive train to increase efficiency and in the tires and
body structures to reduce drag and weight; a reduction in
engine size for. the larger cars; and a shift to a greater
proportion of small cars in the fleet.
¢ Figure B-1 and Table B-1 indicate that from the 14.0
mpg* in 1974, a 25 to 60 percent (17.3 to 22.2 mpg) fuel
. economy gain is possible for 1980 model cars, depending
on the improvement strategies used. Because of production
constraints, improved technology and engine resizing offer
more potential for improvement than the strategy of shift-
ing to small cars by 1980. The 1975 fleet (15.9 mpg)
mmy in miles per gallon is based on miles traveled and
fuel used in the city and highway driving schedules developed by EPA.
The single number is obtained by assuming that 55 percent of the driving
is represented by the city cycle and 45 percent by the highway cycle.
Results for individual cars are weighted by the percentage of the produc-

tion attributable to that car to obtain an average that is indicative of the
fuel economy of the entire fleet.

demonstrated a 13.5 percent increase in fuel economy over
that' of 1974 (14.0 mpg) through improved technology.
The 1970 fleet averaged 15.4 mpg. Thus, a combination of
technological improvements in 1975 cars and changes in
the model mix (i.e., a larger proportion of smaller cars)
recouped the fuel economy lost between 1970 and 1974
due to emission control and added weight.

® Estimates of the average miles per gallon for the 1980
new car fleet shown'in Figure B-1 vary, depending on which
of the above methods is assumed (e.g., various forms of
technological upgrading, shift in sales mix, or combina-
tions thereof). Each estimate assumes the best effort pos-
sible. For estimation purposes, shift in mix was limited to
that possible, given the availability of production facilities,
but no limitations due to consumer demand were assumed.
Some of the technological options considered require fur-
ther development; however, their implementation is deemed
feasible by 1980. Technological options were screened for
consumer acceptability; once selected, however, eventual
100 percent application to the new car fleet was assumed.

® The impact, timing, and cost of emission and safety
standards were considered; the trade-offs among them are

SHIFT TO $MALL CARS|+ 1975 TECHNJLOGY |
1980 |
POTENTIAL IMPROVED TECHNOLOGY
t
1985
POTENTIAL
L

|
+ 20% OVER 1974

- (16.8 MPG)

_40% OVER 1974
= (19.6 MPG)

MPG )
MALL CARS

1

24.0 MPG

SHIFT TO

0 5 10 15

20 25 30

NEW CAR FLEET - AVERAGE MILES PER GALLON

*
1974 New model production mix assumed.
Figure B-1. Potential for automobile fuel-economy improvement (23).



addressed in the following sections. Simultaneous achieve-
ment of improved fuel economy, low emissions, and occu-
pant safety will increase the first cost of new vehicles,

2. What are the relationships between fuel economy and
safety?

® Safety and fuel economy are related through a ve-
hicle’s weight and body structure. Today, a larger car with
more crush space and heavier structure provides better pro-
tection but poorer fuel economy than a small car.

¢ Of equal importance to the crashworthiness of cars
are the availability and the use rate of effective passenger
restraint systems. Even in today’s fleet, where the prob-
ability of being involved in an accident is relatively inde-
pendent of car size, the belted occupant of a small car has
approximately the same protection as the unbelted occupant
of a large car.

® Because present national policy is directed toward re-
ducing the serious injury and death rate on the highways,
safety standards that would improve crashworthiness and
the effectiveness of passenger restraint systems, especially
for small cars, are necessary. If fuel economy improve-
ments are achieved by shifting to a higher percentage of
small cars in the fleet without concurrently upgrading their
occupant protection capability, the serious injury and death
rate will probably rise.

® The relationship between weight and safety is the re-
verse of that between weight and fuel economy. Conse-
quently, the fuel economy penalty chargeable to increased
occupant safety may be proportionately greater for a small
car than for a large car. Bumper standards have added
about 140 pounds and safety standards about 120 pounds,
for a total of 260 pounds added to the average vehicle of
today. The fuel economy penalties have been on the order
of 3 to 4 percent for this additional weight.

® Presently identified future safety standards will add
approximately 80 pounds to the average vehicle. The
weight picture for future bumper standards is unclear,
because the effects of various possible designs are as yet
undefined.
_ ® The fuel economy improvement feasible for the 1980
vehicles would be offset in part by the weight penalties of
future safety and damageability features. It is possible that
weight increases have been greater than technically neces-
sary, because manufacturers have used proven engineering
approaches and standard materials to increase structural
strength. The increased cost of fuel and the emphasis on
fuel economy are now causing manufacturers to consider
alternative designs that include lighter-weight materials.
Such technology advances, combined with increased use of
effective passenger restraint systems, could greatly reduce
the weight penalties of upgraded vehicle safety, particularly
in vehicles manufactured after 1980.

¢ If engine size reduction for large cars is used to im-
prove fuel economy, there may be no adverse effects on
safety. Moderate reductions in acceleration capabilities and
top-speed characteristics for large vehicles may provide
safety benefits.
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TABLE B-1
ADDENDUM TO FIGURE B-1 (23)

PERCENT GATN
. IN MPG
Scenario 1480 1485

FUEL ECONOMY JMPROVEMENTS

Baseline ¢ 0 No improvements in fucl cconomy re-
Jative to base vear® vehicles.,
Mininum changes to mect statu-
tory cmission standards.

A Modest 287 27% Mptimized conventional enpgincs,

Improvements radial tires, s!ight weight and
acrodynamic drag reductions (in
line with announced industry goals),

No improvements ter 1678,

B Gradual 33% 52% Sicady technolonical imprevement
Improverncont through the 1980's: Weight reduc-
Thru 1080's tion through nuterials substitution

and ninor redesign during the 1970's;

further changes (unitized body) in
the 1980's. Sonme acrodynamic drag
reduction and substuntial transmis-

sion irprovements fully acconmplished
by 1984, Diesc) cvagines phased in
for larger c: ¢ 1931 to 1489
nlus so stratilicd charge epaines
for smaller curs., No performance
degradation,

¢ 3% 4% Maximuam rote of inprocement through
1480 with littie farther in dur-

'y

ing uhe jagor
duction,

&

[
a0 dicesel

*Base year vehicles = all vehicle models 1972 fleet average.
13.5 mpg

Source: Highway Statistics 1972 (6)

3. What is the relationship between fuel economy and
emissions?

® Fuel economy by 1980 can be significantly improved
over that of 1974 and still allow the vehicle to meet statu-
tory HC and CO standards.** Significant gains were
achieved in 1975, and emissions of HC and CO were lower
than they were in 1974. Such gains, while maintaining the
fuel economy achievable with 1975 HC and CO emission
standards, will come at increased first cost of the car and
complexity of the engine system.

® For the oxides-of-nitrogen emission standard, the issue
of level and cost achievable by 1980 concurrent with sub-
stantial improvement in fuel economy is unresolved.

® Several alternative engine systems have the potential in
1985 and beyond to improve fuel economy significantly
over that of the conventional, spark ignition engine. The
diesel and Stirling cycle concepts are examples. It would
require on the order of 15 to 25 years, respectively, to
realize the full benefits of these two alternative engines and
fuels. The ultimate target level for the oxides-of-nitrogen
emission standard, as well as for emissions for which there
is now no standard, will have a major impact on which
alternative engine systems, if any, can realistically be con-
sidered by the industry for large-scale implementation. An
oxides-of-nitrogen level much below 1.0 to 1.5 g/m would
mission standards are 1.5 g/m HC, 15 g/m CO, and
3.1 g/m NOx. Statutory emission standards, currently applicable in 1978,

are 0.41 g/m of hydrocarbons (HC), 3.4 g/m of carbon monoxide (CO),
and 0.4 g/m for oxides of nitrogen (NOx).
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greatly discourage commitments to the development of the
diesel engine or some stratified charge engine concepts that
could be offered in new vehicles in appreciable numbers
between 1982 and 1985.

4. Do engineering and manufacturing lead times forestall
potential fuel economy improvement?

e Present manufacturing capacity is sufficient to permit
a model mix in which 60 percent of all new cars would be
compacts or subcompacts.

e The automotive industry requires a lead time of 4 years
for structural changes, some transmission changes, and
other component modifications. A lead time of about 6
years is required for a new engine configuration of the cur-
rent type. Eight to 15 years are required for a major tech-
nological advancement and change such as an alternative
power system. An additional 10 years may be required to
change the total motor vehicle fleet so as to realize the full
benefit of such an advance.

e Lead items begin from the date on which a manu-
facturer decides to pursue a given course of action. Cur-
rent uncertainty about future safety standards and the NO,
emission standard inhibits manufacturers from making firm
decisions to commit resources to the development and use
of fuel-conserving technologies.

5. What test procedures should be used to measure fuel
economy?

® No single measure of fuel economy suffices for the
needs of all users. Standardized tests that are either
dynamometer-based or track-based and involve a range of
driving conditions are currently used for measuring fuel
economy. )

e The driving cycles used to measure city and highway
fuel economy must be as representative as possible of ac-
tual driving under such conditions. The EPA city and high-
way driving cycles are suitable for this purpose. Use of
these cycles on a dynamometer would be an appropriate
fuel economy test if the dynamometer procedures were
modified to improve the road load factors used for indi-
vidual cars. Because there are possible trade-offs between
fuel economy and emission control, the EPA emissions
measurement procedure would need to be used at least on
a sampling basis to assure that fuel economy test cars com-
plied with applicable emission standards. A track test pro-
cedure could also be acceptable, provided that adequate
representation of driving characteristics and test accuracy
and repeatability were reflected in the procedures. Track
procedures do present special problems, however, because
broad variations in ambient conditions can significantly
affect fuel economy.

e Several options are available for determining the fuel
economy of a manufacturer’s entire fleet, as well as of
individual vehicles, to an accuracy adequate to permit more
informed consumer choice. Prototype testing by the fed-
eral government (as is now done by EPA for emissions) is
one option. Another is the manufacturers’ determination
of the fuel economy of their production fleet, with federal
verification of the testing and results. The selection criteria
used to choose among these and other options, as well as

among the test procedures, should include the total pro-
gram cost, the administrative problems, and the technical
requirements for a given accuracy to verify the results for
the fleet.

e Current test procedures provide a measure of fuel
economy that has a precision of 2 to 4 percent for most
vehicles. An increase in this precision would likely result
in considerably higher test costs.

6. What are the various means for enforcing an improve-
ment standard?

¢ The potential of market forces to achieve major fuel
economy gains is uncertain, although fuel economy in 1975
increased 13.5 percent over that of 1974. Information on
the fuel economy of the individual cars available for pur-
chase would allow operation of those market forces that
influence fuel economy. However, the response to such in-
formation must be assessed extensively before one can
know whether consumer information alone is sufficient to
produce the needed fuel economy improvement. If stronger
action is deferred until such an assessment is completed, the
effect of such an action would be delayed well beyond 1980.

e Mandatory labeling, a mild form of federal action, is
relatively easy to administer and operates to motivate
market forces without causing any major adverse impacts.
It would probably be an integral part of any stronger
federal regulatory effort oriented toward establishing fuel
economy standards.

e With respect to regulatory alternatives, no one ap-
proach appears to dominate the others. Each involves costs,
problems, and risks. It may be concluded that if federal
regulatory policy becomes stronger, the likelihood of
achieving given fuel economy goals will increase. Stronger
federal regulation, however, also involves risking adverse
impacts on the economy, industry, consumers, and the costs
of governmental administration. [The Congress chose the
regulatory approach in HR 94163 and mandated fuel
economy standards.] The following indications arise from
an analysis of the impacts of various fuel economy
standards.

(a) A production-weighted standard requiring every
manufacturer to improve average fuel economy
by the same percentage would require larger ab-
solute fuel economy gains on already efficient cars
while requiring only minor improvements on in-
efficient cars that have the greatest potential for
fuel economy improvement.

(b) A production-weighted standard establishing one
uniform specific fuel economy average for all
manufacturers would, if sufficiently stringent to
have the needed effect, have the heaviest impact
on manufacturers who now have lower fuel econ-
omy and would not require manufacturers of
vehicles that currently have good fuel economy
to maintain or improve these vehicles’ per-
formance.

(¢) Production-weighted standards specifically tai-
lored to each manufacturer would eliminate some
inequities of (a) and (b) above, but they would
be difficult to administer fairly.



(d) Establishing standards on .the basis of vehicle

class would induce technological advances for
all vehicles while allowing maximum consumer
choice. Class standards would not necessarily
ensure attainment of an over-all fuel economy
goal because of the possibility of increased sales
of larger (although improved) models.

(e) Two types of tax strategies were considered. The

first is a tax placed on new vehicles, the second
an annual assessment on each vehicle. Both
would depend on the fuel economy of the ve-
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hicle. Although such taxes allow for a high
degree of consumer choice and producer flexi-
bility, they rank below standards for ensuring
achievement of a fuel economy goal because
knowledge of their impact is lacking. In addition,
the amount of tax necessary to produce the de-
sired effect may be inordinately high, inasmuch

‘as the present difference in price and operating

cost of high- and low-fuel-economy cars is already
large.
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