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The depletion of American petroleum reserves has
already resulted in a growing dependence on foreign imports.
Certainly the oil import quota system has prevented our total
reliance on Middle Eastern sources of supply--imports from
that area in 1972 constituted less than 5% of U.S. petroleum
consumption. But Middle Eastern sources have come to play
a major role in the oil companies’ supply strategies. This is
due to lower exploration and acquisition costs and the belief
that though Western governments might impose export con-
trols for resource management reasons, the Middle Eastern
governments would not. This belief has been shown to be
mistaken. The petroleum situation has shifted from a buyer's
to a seller's market, with a resultant rise in price [com-
pounded by the embargo since this report was written] . These
prices could fatally disrupt the U.S. balance of payments.
The problem is worsened by simultaneous shortages of other
energy sources, such as natural gas and low-sulfur coal. The
proposed national energy policy would take the following
steps: a) change government regulations to allow the petro-
leum industry higher profits, thereby encouraging investment
in domestic exploration and refineries and reducing depend-
ence on imports; b) push back deadlines for meeting environ-
mental standards, so that our abundant coal reserves can
continue to be used; ¢) encourage conservation.

1. TRANSPORTATION STATISTICAL PROFILE

A. Market Characteristics

Over 40% of total transportation expenditures is
for personal transportation. Money spent on automobiles
accounts for almost all of that figure. Though statistics sug-
gest that expenditures on cars have almost reached a satura-
tion point, Americans will not voluntarily revolt and end the
long reign of the automobile; we have become spoiled by the
advantages of complete mobility. Thus even though higher
prices for crude oil bring about higher gasoline prices, these
increases may not be enough to persuade the public to reduce
its gasoline consumption, and a rise in taxation may be
deemed necessary. The examples of Europe and Japan, where
taxes comprise by far the largest portion of the total price of
gasoline, show that taxation is an effective conservation
method.

B. Energy Characteristics
In order to evaluate the energy consumption of the
various modes of transportation using a common base for
comparison, the concept of “energy intensiveness’’ is formu-
lated: it refers to the energy consumed (measured in Btu's)
per unit of transport work (measured in passenger-miles or
ton-miles).
See Table 1 for comparison of the energy inten-
siveness and consumption of the modes and types of travel.
Within one mode, the automobile, energy inten-
siveness varies considerably according to trip purpose, with
load factor the most influential variable. Automobiles are
least efficient when used for commuting, where the average
load factor is 1.4 occupants/car, and most economical when
used for intercity vacation trips, with an average load factor
of 3.3 occupants/car. The energy intensiveness of the auto-
mobile has also varied with time: in the decade 1962-1972,
fuel economy decreased by 7%, due mostly to increased
weight. The energy intensiveness of the other modes has
also varied--that of the railroads has decreased due to use of
diesel power, while that of the air mode has increased (though
the Federal Aviation Administration projects that fuel econ-
omy will improve through 1980).
C. Emissions
Almost all transportation-produced atmospheric
pollution is caused by highway vehicles (60-75% by automo-
biles alone). When the Clean Air Act and amendments are
complied with, almost all emissions will be controlled. Thus
the authors feel that the energy aspect of transportation is
the more vital problem to be dealt with, and they devote the
bulk of the report to that subject.
111. OPPORTUNITIES FOR TRANSPORTATION
ENERGY CONSERVATION
Five general families of conservation options for the
transportation modes are presented:
1) shift to more energy-efficient modes
2) improve energy efficiencies
3) improve usage patterns
4) reduce travel demand
B) increase load factors
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These options are discussed in detail below. Note the
above table describing the energy characteristics of the trans-
portation modes.

A. Modal Shifts

Alternatives to the heavily-used, energy-inefficient
modes (such as the automobile, intercity trucking, and short-
haul air transport) must be found. As an example of the com-
plex of factors which must be considered when investigating
alternative modes of travel, the authors examine the auto
commuter trip. Many alternatives to commuting by auto have
been advanced; they include use of express commuter buses,
urban mass transit, carpooling, and bicycling or walking.
Express commuter buses {whose use is limited, since they
are feasible only between clearly delineated origin-destination
points) are five times as energy efficient as the average auto
commute and almost twice as energy efficient as a 4-member
carpool travelling in a standard (6-passenger) car. The carpool,
however, costs 20-40% less per passenger. And now a dimen-
sion other than cost must be examined: feasibility of imple-
mentation, in this case the capability of the bus manufac-
turing industry to produce thousands of buses more per year
than it has constructed recently. To increase production this
much is difficult not only physically but financially as well.
So much capital is sunk into equipment already that it
restricts new investment.

The same problems, of time and money for new
equipment, appear when the alternative of shifting auto-
mobile traffic to urban mass transit is studied. (See Table 2).
Though, as Table 1 shows, considerable amounts of energy
could be saved, implementation would be difficult and very
slow, for the reasons described above. The authors do not
consider that walking can be expected to replace many auto-
mobile vehicle miles, but they do see some potential in
bicycles.

Shifts among intercity travel modes offer as many
potentials and pitfalls as urban shifts. Intercity bus and rail
{especially the first) aresignificantly more efficient than inter-
city automobile. But so many vehicle miles are travelled by
intercity automobiles that even doubling intercity bus and
rail travel (with all the attendant implementation problems)

TABLE 2
TRANSIT EQUIPMENT REQUIRED FOR A
SHIFT FROM AUTOMOTIVE COMMUTING TO
MASS TRANSIT (BUS)

890.8 x 109 in 1970
34% of all automotive vehicle miles

Automotive Vehicle Miles

I

Commuting Vehicle Miles

Urban Commuting to City Center Vehicle Miles = 20% of all
Commuting Vehicle Miles

Passenger Loading for Commuting = 1.4 passenger/vehicle
Urban-to-City Center Commuting Passenger Miles
=(.34) (.20) (891) (1.4) 109
=85 x 109 in 1970.

At 36 passenger/bus, 25 miles/trip (considerably longer than the
U.S. average of 9.4 miles/commuting trip), a 5% shift of urban
automotive city-center commuting to bus would require

9,200 additional buses
and yield an energy savings of: .05(.085 x 1012) (7680-1440)
.027 x 1015 Btu

.16% of the 1970 U.S. Transportation energy
budget

Bus purchases by transit industry have averaged <2500/year for the
period 1960 - 1971.

Transit industry now operates 49,000 buses.

1}

*For Data Sources, see original report.

would reduce intercity automobile travel by only 4%, or 0.4%
of the 1970 transportation energy budget. Similarly, because
short-haul air traffic accounts for so few passenger miles,
shifting even 50% of that traffic to bus and rail would save
only 0.6% of the 1970 transportation energy expenditures.
Shifting 50% of all air traffic {both long- and short-haul} from
conventional to wide-body jets would produce slightly higher
savings of 0.9% of the 1970 budget. Shifting 10% of the
intercity trucking to rail would effect an energy saving of
0.6% of the 1970 base.
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TABLE 3

SUMMARY ASSESSMENT OF TRANSPORTATION ENERGY CONSERVING OPTIONS

APPROACH TIME FRAME(1) | BENEFIT(2) MEANS(3)

LIKELIHOOD OF
IMPLEMENTATION(4)

>
m
-

Shifts Among Modes
Auto commuters to express buses
Auto commuters to mass transit
Intercity auto to bus and rail
Short-haul air to bus and rail
Short-haul air to TLV systems
Conventional jet to wide-body jet
Short-trip auto to human-powered systems
Intercity trucking to rail
Increased Load Factor
Carpooling
Air
Truck
Rail
Tankers
Urban Mass Transit

Reduced Demand
Telecommunications
Improved land use and urban planning
Fuel tax or surcharge
More efficient trip planning

Increased Energy Conversion Efficiency
Smaller autas
Reduced drag
More efficient engines
Better maintenance
Hybrid auto systems
Reduced accessory load
Reduced performance demand
Improved Usage Patterns
Traffic management
Better driving techniques
Improved aircraft operations
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{1)TIME FRAME: Time required to implement program so that at least 50% of maximum practical benefit in energy reduction for

the particular approach could be achieved. S<1 year; M = 1-5 years; L>5 years.

(2IBENEFIT: % reduction in total transportation energy consumption, accounting for resulting energy changes in all sectors:

L<1% of transportation energy; M = 1-6% of transportation energy; H>5% of transportation energy.

(3IMEANS:R = Regulation; A = Attitude (voluntary actions from influencing public opinion)
T = Technology; E = Economic {includes taxes and fees imposed by regulatory bodies).

{4} LIKELIHOOD OF IMPLEMENTATION: The probability that a particular approach will be implemented within the next 10 years:

L = <10% probability; M = 10-50% probability; H = >50% probability.
p
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ENERGY REQUIREMENTS FOR PASSENGER GROUND
TRANSPORTATION SYSTEMS

W.P. Gossand J.G. McGowan (University of Massachusetts, Amherst)
Paper presented at the Intersociety Conference on Transportation,
Denver, Colorado, September 23-27, 1973

ASME Paper 73-1CT-24

This paper differs from other investigations of the energy
efficiencies of the transportation modes in that it calculates
the energy consumed by one traveller using a variety of
modes, for a variety of trip types, rather than emphasizing
overall modal energy use. Three types of trips are analyzed:
the intraurban commute, the suburban-to-urban commute,
and the intercity trip.

The first section of the paper discusses current trends in
the energy consumption of transportation, especially its heavy
dependence on petroleum fuels: in 1970, 95.5% of trans-
portation energy was provided by petroleum (using 55% of
U.S. petroleum production) and it is predicted that in the
year 2000, transportation will consume 70% of petroleum
output. Thus improvements in the energy efficiency of trans-
portation could save significant fuel.

The second section calculates the energy efficiencies of
the most important current and potential ground transporta-
tion modes: automobiles (including diesel, gas turbine, and
electric propulsion systems, as well as the conventional inter-
nal combustion engine); buses (diesel, gasoline, gas turbine,
Rankine, and Stirling); rail transit (subway and elevated,
trolley coach, electric, diesel, and gas turbine); motorcycles;
and personal rapid transit. The authors measure energy effi-
ciency as passenger miles/gallon of fue! (N.B.: this is inversely
proportional to Hirst's concept of "“energy intensiveness.”).
Only direct energy costs are calculated, because analyses of
indirect costs (i.e., the energy used for manufacturing and
transporting automobiles, refining gasoline, etc.) for all the
modes have not been undertaken and because the transpor-
tation user, at whom this paper is aimed, has little control
over these costs. The authors point out that the energy effi-
ciency of a system can vary greatly, as it is influenced by the
data source and by operating conditions.

10

The following tables provide data on block speed, fuel
consumption in miles per gallon, seating capacities and load
factors, and passenger miles per gallon of various modes in
intraurban, suburban-to-urban, and intercity travel. Predic-
tions are included for potential future systems {gas turbine
buses, VTOL and STOL aircraft, TACV's, etc.} as well.
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TABLE 2
TRANSPORTATION/ENERGY DATA FOR SUBURBAN/URBAN SYSTEMS

AVERAGE
mwmz_. PASSENGER LOADING v>m_m_m_u,_mwmm.
MODE BLOCK SUMP- LOAD LOAD n _—
SPEED TION RANGE | FACTOR T/E \ GALLON
(mph) (mpg) (pass/veh) (%) Range Average

. Automobiles
1. Luxury 156-35 12.5 1-6 23 13-75 18
2. Full Size 15-35 13.2 1-6 23 13-79 19
3. Intermediate 15-35 14.1 1-6 23 14-85 20
4. Compact 15-35 17.3 1-4 35 17-69 24
5. Subcompact 15-35 26.5 1-4 35 27-106 37
6. Diesel 15-35 24 1-5 28 24-120 35

. Motorcycles 15-40 30-80 1 130 40-105 70

. Bus
1. Full Size Diesel 10-35 6.5 41-53 45 120-155 140
2. Medium Size Diesel 10-35 8.0 25-33 45 90-120 105
3. Medium Size Gasoline 10-35 5.5 25-33 45 70-80 75
4. Full Size Rankine 10-35 2.0 41-53 45 40-50 45

. Commuter Rail
1. Electric 25-45 1.9 70-125 35 50-85 65
2. Diesel 25-45 1.6 50-90 35 30-50 40
3. Gas Turbine 25-45 1.0 60-80 356 20-30 25

. Potential Future Systems
1. Hybrid Electric Auto 10-30 15-24 1-4 35 15-100 30
2. Gas Turbine Auto 15-35 12-14 1-5 30 18-21 20
3. Stirling Bus 10-35 5-7 41-53 45 90-170 130
4. Rankine Bus 10-35 2.3-3.3 41-53 45 40-80 60
5. TACV 40-60 .3-4 60-120 62.5 10-30 25
6. TVS

a. Pneumatic 40-60 1.7-2.5 60-120 50 50-150 100
b. Non-Pneumatic 40-60 1.3-1.7 60-120 50 40-100 60
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Detailed information on the energy efficiency of human sumes as much petroteum {used in the production and distri

beings walking, running, or bicycling is also calculated and bution of his food) walking fairly quickly as the bus he rides
shown below in Table 4; it is pointed out that a person con- uses at full capacity covering an equal distance.
TABLE 4

DATA BASED ON 154 LB (70 Kgm) MAN TRANSPORTATION/ENERGY
EFFICIENCY FOR HUMAN ACTIVITY

RELATIVE METABOLIC | TRANSPORTATION/ENERGY
ACTIVITY AVERAGE | METABOLIC RATE EERICIERCY
SPEED RATE SPEED FOOD PETROLEUM
{mph) (Kcal/hr.Kgm) {Kcal/Kgm Km) BASIS BASIS
Sitting 0 1.43 0 0
Walking Slowly 2.6 2.86 0.342 889 178
Walking Moderately Fast 3.75 4.28 0.472 644 129
Walking Fast 5.3 9.28 0.921 330 66.1
Running 5.3 8.14 0.787 367 73.5
Bicycling Slow 10 4.28 0.177 1720 344
Bicycling Fast 20 9.28 0.244 1055 250
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TABLE 6
SUBURBAN/URBAN COMMUTE ENERGY CONSUMPTION — HUNTINGTON,
LONG ISLAND TO MANHATTAN (7TH AVE. AND 53RD ST.)

INDIVIDUAL ENERGY
TRIP TOTAL BLOCK CONSUMED OUT-OF-POCKET COSTS
DISTANCE TIME VELOCITY
MODE(S) {miles) (hrs:mins) {miles/hour) Gallons/Trip Gallons/Year Dollars/Trip | Dollars/Year
Auto/Train/Subway 40.3 1.33 26 0.24 113 $2.72 $ 864
Auto/Subway 35.0 1.32 23 1.48 710 3.85 1848
Private Auto 35.2 1.36 22 2.57 1233 8.63 3480
Bicycle 35.2 3.30 10 — - 0.31 150

Trip Descriptions
Private Auto — use Long Island Expressway — Queens Midtown Tunnel — Crosstown drive in city
Auto/Subway — drive to Shea Stadium parking lot — Subway to Manhattan
Auto/Train/Subway — drive to Huntington — Long Island Railroad to Penn Station — Uptown Subway
Bicycle — follow same route as private automobile/not recommended for safety reasons

Costs Based On:
Parking in Manhattan — $6.50/day or $80/month

Private Auto — 15¢/mile

Parking at Shea Stadium - $1.00/day
Subway Fare — 35¢

Train Fare — $12.37/trip or $568/month
Bicycle — $150/year

480 trips/year
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The following are specific recommendations for im-
proving transportation energy efficiency:

A. Technological
1. Research, develop, then introduce to the fleet
more efficient engines.
2. Develop traffic control systems which allow
vehicles to move more smoothly and quickly, evalu-
ate and implement promising systems.
3. Develop and introduce innovative, efficient mass
transit systems (i.e., dual-mode, personal rapid
transit, etc.) to woo travellers away from the auto-
mobile.
4. Develop alternative fuels and bring them to
market.
5. Develop a research program to analyze passenger
attitudes toward transportation modes in order to
make mass transportation more attractive; take
steps to introduce the more appealing features of
the automobile (privacy, door-to-door service, etc.)
10 mass transit.

B. [Institutional
1. Encourage the already noticeable trend toward
smaller and lighter automobiles. This could be
effected by taxing vehicles on a size and/or horse-
power basis; taxing petroteum fuels more heavily;
rationing gasoline; and restricting urban parking for
large cars. In 5 to 10 years, severe constraints on
the size and use of automobiles in urban areas
could be imposed.
2. Alert the public to the energy efficiencies of the
various modes.
3. Subsidize and make capital grants to the modes
which are the most energy efficient.
4. Investigate and experiment with total restrictions
on automobile use in the central cores of selected
cities.
5. Examine trip distribution; determine if some
trips could be made on more efficient modes or if
these trips could be replaced by telecommunica-
tions.
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6. Promote increased load factors: encourage auto-
mobile carpooling and subsidize bus and subway
fare reductions.

THE AUTOMOBILE: ENERGY AND ENVIRONMENT.

A TECHNOLOGY ASSESSMENT OF ADVANCED
AUTOMOTIVE PROPULSION SYSTEMS.

Douglas G. Harvey and W. Robert Menchen (Hittman Associates, Inc.,
Columbia, MD)

Report prepared for the National Science Foundation, RANN Program
March 1974

I. INTRODUCTION

The impact of the automobile on life in America needs
little discussion. The magnitude of a few figures suffices as
demonstration: in 1970, 108 million drivers drove 87 million
passenger cars over 3.7 million miles of roads. Most analyses
of this phenomenon, however, are general, in that they treat
the automobile as a unity, rather than as an aggregate of many
separate components, each of which has its own impacts. The
most important of these components is the engine, which in
today’s car is almost invariably spark-ignition internal com-
bustion. Today's internal combustion engine, after years of
production and refinement, remains far from the ideal pro-
pulsion system; its most notable defects are its low efficiency
in converting fuel to power and its polluting emissions. These
drawbacks are now being recognized, and improvements and
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The facts and projections used in the assessment of
the social impacts deserve more detailed explanation, since
little work has been done to date on this subject. The authors
start by drawing an important conclusion from automobile
drivers’ behavior during the gasoline shortages of 1973-1974:
“The car owner values his personal mobility above all else.
He may be willing to drive more slowly, accelerate more
slowly, sacrifice vehicle size, sacrifice automatic transmissions
and air conditioning, and pay higher operating costs as long as
he is able to own and drive his car.”’ Several projections are
then made in order to assess the demand for new vehicles:

1} Americans will continue to use the automobile to
preserve their mobility and independence. A great major-
ity (over 80%) of Americans will continue to own at
least one car.

2)  The trend toward multi-car ownership will continue.
3} The population of the suburbs will continue to
expand, with attendant increased automobile owner-
ship and usage.

4)  Americans will still need cars, and as the population
becomes more dispersed so that public transportation
becomes less practicable, an even greater percentage may
need them.

b)  Automobile usage patterns will remain basically as
they are today, though some attempts may be made at
decongestion.

6) Though concern over the adverse effects of the
automobile is growing, government intervention will
probably be needed to translate this concern into action.
7)  As leisure time increases, so will the recreational
use of the automobile.

20

B. Establishment of the Characteristics and Impacts of

the Baseline Automobile (ICE)
A 4000-1b, 3b50-cubic inch engine, six-passenger

1971 automobile was chosen as the baseline for comparison
with the alternative systems examined. Materials consumed in
its production and use (including aftermarket--i.e., after initial
sale--requirements) are determined; its energy consumption,
both direct and indirect (energy used in mining and proces-
sing the metals used, transporting, producing, maintaining,
and repairing the automobile), is computed; its environmental
effects (including pollutants emitted during operation and
wastes created during the manufacture, maintenance, and
retirement of the vehicle) are quantified; and its socio-
economic impacts are estimated, using an input/output matrix
for calculating the labor and capital requirements of 44 indus-
tries with direct economic ties to the automobile industry.
The expectations of the consumer regarding his automobile
are perceived as follows. The automobile shall provide:

1)  Personal transportation.

2) Reliable starting and performance, especially

powerful acceleration.

3) Easy and economical operation.

4)  |Long cruisng range.

5) Many conveniences in accessories and appoint-

ments.

C. Definition of Advanced Systems and Selection of
Systems to be Modeled
The following propulsion systems were identified
as possible replacements for the ICE:
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CHARACTERISTICS OF ALTERNATE PROPULSION SYSTEMS

TABLE 3

Unit
Weight Economy Cost
System Power (Ib) (mpg) %)
Baseline - Current Standard ICE 165 hp agh 13.4 910
Advanced Spark Ignition ICE 150 hp 930 12.8 1,277
Advanced Diesel System 150 hp 1125 16.7 1,845
Rotary Combustion (Wankel) System 150 hp 730 128 1,231
Rankine Cycle System 150 hp 1145 11.0 1,320
Brayton Cycle (Gas Turbine) System 150 hp 785 11.0 2,220
Stirling Cycle System 150 hp 1560 19.5 3,780
Hybrid: Heat Engine/Electric (Ni-Zn) Engine 1480 2.5 2,380
100 hp
Storage
11.3 Kw-hr
Hybrid: Heat Engine/Flywheel Engine 1010 12.5 1,451
100 hp
Storage
.37 Kw-hr
Electric: Alkali Metal Battery (Li-S) 150 hp 1410 1.6 10,673
Kw-hr/mi
Electric: Fuel Cell 150 hp 2110 14.0 10,000

Note: Values are for engines only, as synthesized in 1971

TABLE 4
MEASURE OF IMPACT OF THE ALTERNATIVE PROPULSION SYSTEMS WITH 100 PERCENT TRANSITION
Heat Heat
Advanced | Advanced | Rotary Gas Engine/ | Engine/ Fuel
ICE Diesel Engine Rankine | Turbine Stirling Electric | Flywheel | Battery Cell
Change in Jobs (relative to -10 +40 —85 +50 -70 +170 +150 +10 +130 +270
present ICE, in thousands)
% change in cost of engine +40 +105 +35 +45 +145 +535 +160 +60 +1000 +1000
% change in ownership costs +5 +5 0 0(w)] +10 +30 +10 +5 ? ?
+5 (o)

(w) = water working fluid
(o} = organic working fluid
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cycle engine. Because it is an ICE, it requires emission

controls.

c) a flywheel hybrid system. A hybrid system is one in
which a small {less than 100 hp) ICE supplies energy to
an energy storage system, in this case a flywheel, which
then provides propulsion energy as needed. This type of
system does not have a high initial cost and has good

fuel economy.
3) Size 3: small, 1600-1b, two-passenger electric urban vehicle.
Systems studied for this class include:

a) lead-acid battery with a range of 50 miles.

b) sodium-sulfur battery with a range of 150 miles.
Table 5 below is a summary of the characteristics of advanced
propulsion systems as defined in the Hittman document.

TABLES
SUMMARY OF CHARACTERISTICS OF SELECTED ADVANCED SYSTEMS

Vehicle Fuel Base
Propulsion (Weight) Payload Range Approximate Economy Emissions(1)
System Abbreviation (Ib) (Passengers) (Miles) Cost ($) {mpg) (HC, CO, NO, )
Internal ICE 4075 6 200 3670 13.4 (2) (2) (2)
Combustion
Engine
Advanced AOC 4005 6 200 3990 11.0 413408
Otto Cycle
Small SOC 2500 4 200 2600 16.0 413404
Advanced
Otto Cycle
Rotary ROT 2345 4 200 2500 16.0 413404
Otto Cycle
(Wankel)
Rankine
(Organic) RAN 4200 6 200 4120 10.3 .130.20.26
Gas Turbine GT 3867 6 200 4815 11.0 .120.70.4
Flywheel/ FLH 2500 4 200 3500 17.0 2 1.704
Hybrid
Lead Acid BAT 1600 2 30 2560 sgiwchr (3) (3) (3)
Battery mi
Sodium Sulfur SSB 874 2 150 2810 5 Kwehr (3) (3) (3)
Battery mi

24

(M Emissions are for Federal Driving Cycle.

(2)Emissions for ICE vary according to model year.
vammﬁmi emissions are accounted for through central power stations and decrease through the year 2000.
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TABLE 6

INTERRELATIONSHIP OF POLICIES, SYSTEMS, AND SCENARIOS

System

Scenario

RAN

CT

AOC

sOC

ROT

BAT

FLM

2

Vi

Vil

A. Government Subsidies

1. Industry Focus
Massive R&D new prop. ses.
. Govt. assumes mfg. tooling costs
Subsidize worker relocation
. Govt. support field trials
Govt. support non-polluting fuels
Relief for industries hurt by
requirement
2. Consumer Focus
a. Subsidize non-polluting models
{1)  Lump sum for Acost
(2) Tax ded. for Acost
{3) Financial arrangements
(4) Free parking
{5) Free fuel
3. Local Government Focus
a. Subsidize mass transit
b. Grants to reduce trip generating
bidg. & activities
c. Govt. relief to compensate from
loss of gas sales
4. Subsidize Scrap Reuse

mpPQao T

+ o+ o+ + o+

+ 4+ 4+ 4+

+ + 4+ + +

+ + + + +

+ + 4+ + +

+ + + -+

+ o+

+ o+ o+ o+ o+

+ o+ + + + o+

+ 4+ 4+ +

B.Tax Policies
1. Federal and State
a. Taxes impacting on individuals
(1) Road taxes
(2) Fuel taxes
b. Taxes impacting mfgs. and/or
individuals
(1) Emission taxes
(2) Size and weight taxes
(3) Horsepower taxes
2. Local
a. Taxes to control peak hr. traffic
{1) Parking charges
(2) Commuter charges
{3) Road or bridge charge
b. Charges not related to peak
{1) Snow removal—police, etc.
charges
3. Reduce Taxes on Scrap Reuse

+

+

+

+




+ 4+ 4+ o+

+
+
+
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F. Develop Logical Scenarios of Transition

1. Scenario | - Introduction of very clean vehicles.

Legislation is passed aimed at protecting the environment
from automobile pollution. The 1976 and 1977 emissions
standards are maintained. Development of the Rankine and
gas-turbine systems is subsidized so that they can be intro-
duced in 1977.

A Rankine-cycle engine is very attractive from an emis-
sions standpoint. |ts major materials impact is in its heavy
consumption of aluminum, but this is not a limiting factor.
it has a slightly adverse economic impact since capital and
labor requirements would be increased by about 10%, but its
projected sales price of $100 more per vehicle than an ad-
vanced Otto-cycle vehicle is not prohibitive. 1ts major draw-
back--and it is a serious one--is its poor fuel economy (36%
higher energy consumption than the baseline ICE by the year
2000).

The gas-turbine engine is also attractive from an emis-
sions standpoint, and does not have a limiting materials
impact. Butotherwise it is probably unacceptable: it has poor
fuel economy and an extremely adverse economic impact (it
would cost $800 more than a comparable advanced Otto-
cycle engine and has doubtful market acceptability).

2. Scenario Il - Introduction of small cars.

In this scenario, both environmental impact and fuel
economy are the main concerns of the policy-makers. Full-
size advanced Otto-cycle engines do not prove able to meet
the fuel economy standards legislated and two new, small
vehicles are developed, one rotary and one ICE, both achiev-
ing 16 mpg and meeting emissions standards.

This is the recommended strategy for choosing future
vehicles. It consumes a minimum amount of energy, produces
acceptably low amounts of emissions, and has minimum
materials and economic impact. Moreover, production of
small cars could be rapidly implemented by the manufac-
turers. Recommended policies for promoting this scenario in-
clude vehicle weight taxes; a graduated excise tax on vehicles
achieving less than 18 mpg; higher gasoline taxes; and parking
taxes on large cars in urban areas. It is further recommended
that the government provide heavy funding for development
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of the stratified charge engine, in order to avoid the neces-
sity of using expensive, fuel-wasteful catalytic emission
controls.

3. Scenario Ill - No drastic changes.

Transition is made to the advanced Otto-cycle engine,
and emission standards are nominally maintained except that
a nitrogen oxides level of 0.8 gm/mi, rather than 0.4 gm/mi, is
the best effort made by Detroit.

This scenario has a severe energy impact--by the year
2000, the advanced Otto-cycle engine vehicles would con-
sume 20 billion gallons more gasoline than would the baseline
ICE. Materials impact, especially that on platinum {which we
import, making us uncomfortably dependent on our suppliers)
is also unfavorable. The economic impact is significant but
not catastrophic, and the emissions are the same as those
produced by small Otto-cycle cars. This scenario is therefore
judged to be undesirable.

4. Scenario IV - Increase in mass transit.

The government funds heavily urban and intercity mass
transit systems. In 1970, mass transit carried 1% of the pas-
senger miles travelled; the authors assume that this percentage
could be increased to 14% and that passenger miles will in-
crease to 3000 billion by the year 2000. A 21-fold increase
in the capacity of the mass transit systems, requiring a truly
massive implementation program, would be necessary to
carry this much traffic. A concomitant decrease in automobile
ownership is projected, but the decrease would only be from
150 million to 129 million private passenger vehicles. The
goal of reducing vehicle demand could be more easily
achieved through promotion of heavier load factors--i.e., more
passengers/vehicle. This scenario assumes that such a reduc-
tion is possible.

Advanced Otto-cycle engine materials and energy re-
quirements are reduced in direct proportion to vehicle
demand reduction. Significant decreases in gasoline use and
emissions occur.

But despite the gasoline savings, full-scale promotion of
mass transit could have negative energy effects, due to the
massive effort required to build and expand transit systems.
Moreover, this energy would be required in the decades
1975-1994, when fossil fuel supplies will be lowest. Ironically,
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ENERGY CONSUMPTION FOR TRANSPORTATION IN
THE UNITED STATES
Eric Hirst (Oak Ridge National Laboratory)
Report prepared for the ORNL-NSF Environmental Program
March 1972
ORNL-NSF-EP-15

This report provides a broad view of past, present, and
projected future patterns of transportation energy consump-
tion in the United States. In 1970, transportation used 24%
of the total U.S. energy budget, an increase of 52% since
1960. A projection of future consumption (referred to as
Future |} is made based on this current trend of growth;
another projection (Future |} is computed on an assumption
of a moderate but steady shift toward more energy-efficient
modes. Possible changes in technology which could affect
energy use are not taken into account in the second projec-
tion. Both models are calculated with the same passenger-
miles and freight ton-miles.

Growing consumption of energy by the transportation
sector, its increasing dependence on petroleum as a source
(95% of the energy used by transportation comes from petro-
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teum), the rising volume of petroleum imports, and a prob-
able future shortage of oil supplies, make necessary an
examination of transportation energy consumption. This
report constitutes such an examination and demonstrates that
increases in energy efficiency are possible without retooling
for new technologies and without cutting back total passenger
and freight traffic. The increased efficiency could be achieved
by shifting from energy intensive to energy economical modes
of transport.

Intercity freight transport consumes a significant portion
(12%) of the transportation energy budget. It travels by a
wide variety of modes (pipelines, waterways, railroads, trucks,
and airways) which vary widely both in energy efficiency and
in percentage of total freight ton-miles carried. The following
table provides figures for past and future traffic and energy
consumption. Future | figures are calculated assuming that
modal mix changes continue to exhibit the same trends that
they have followed for the past twenty years, moving away
from railroads towards trucking. Future Il figures show the
effect of a shift toward more energy-efficient modes.
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TABLE 2
INTERCITY PASSENGER TRAFFIC AND ENERGY CONSUMPTION?

Total .

. Passenger- Percent of Total Passenger-miles Total mhﬂﬂ_ﬂmg
ear i

miles Energy (Btu/passenger-

{109) Automobile Airplane Bus Railroad (1012 Btu) mile)
1950 510 86.8 2.0 5.2 6.4 2,040 4,030
1955 720 89.5 3.2 3.6 4.0 3,000 4,210
1960 780 90.1 4.3 2.5 2.8 3,390 4,340
1965 920 88.8 6.3 2.6 1.9 4,100 4,470
1970 1,180 87.0 9.7 2.1 0.9 5,510 4,690

Future | — Continuation of Current Trends
1980 1,710 85 13 1.5 0.5 8,370 4,890
1990 2,240 84 15 1.0 - 11,280 5,040
2000 2,770 83 17 - - 14,340 5,180
Future Il — Shift to Greater Energy-Efficiency

1980 1,710 86 7 4 3 7,570 4,430
1990 2,240 85 3 6 6 9,120 4,070
2000 2,770 84 2 7 7 10,970 3,960

3Data from Statistical Abstract {1970) and from Transportation Facts and Trends (1971).

Urban passenger traffic accounts for another large seg-
ment (29%) of transportation energy use; 95.4% of the urban
passenger miles travelled are covered in automobiles, the
most energy intensive (i.e., uneconomical) of all modes. Be-
tween 1950 and 1960, energy consumption by urban pas-
senger traffic grew by 166%, due to a decline in energy effi-
ciency of 4.3% and an increase in traffic of 154%. Table 3
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shows present and projected modal mixes. In Future |, where
automobiles carry 97% and buses only 3% of the traffic,
energy efficiency declines 2% between 1970 and 2000. In
Future |, where walking and bicycling move 3% of urban
passenger traffic, energy efficiency increases 8% between
1970 and 2000.
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TABLE 4
TOTAL COMPUTED TRANSPORTATION ENERGY
REQUIREMENTS AND ACTUAL TOTAL?

Intercity Intercity Urban Total Total Computed
Year Freight Passenger Passenger | Computed Actual Actual
(1012 Btu) | (1012Btu) | (10128} | (1012Btw) | (1072 Bu) (%)
1950 980 2,040 1,810 4,830 8,724 554
1955 1,180 3,000 2,200 6,380 9,904 64.4
1960 1,320 3,390 2,790 7,500 10,881 689
1965 1,680 4,100 3,690 9,470 12,771 742
1970 1,980 5,510 4,820 12,310 16,495 74.6
Future | — Continuation of Current Trends
1980 2,620 8,370 6,970 17,960 21,557 833
1990 3,470 11,280 9,120 23,870
2000 4,430 14,340 11,250 30,020 42,883 70.0
Future Il — Shift to Greater Energy-Efficiency
1980 2,340 7,570 6,590 16,500
1990 2,500 9,120 8,420 20,040
2000 2,760 10,970 10,180 23910

3Data in 2nd through 4th columns from Tables 1, 2, and 3. Column 5 is sum of preceding three
columns. Last column is the quotient of the two preceding columns

All the figures presented thus far assume that modal
energy efficiencies remain the same over a period of time.
This is not really the case, however; for instance, during the
1950's and 1960's, the energy efficiency-of the railroads in-
creased by almost 500% due to the switch to diesel locomo-
tives. During the same period, the energy efficiency of
airplanes dropped sharply due to the higher average speeds at
which they now travel. Automobiles, buses, and trucks also
showed declines in energy efficiency over the last twenty
years, and emission control regulations could further cut into
fuel economy.

In 1950, automobiles alone consumed 8.95x 1012 Bu's
of fuel, using 55% of the transportation energy budget, or
13% of the total energy expenditure. However, when the in-
direct energy (used to refine petroleum, build highways,
manufacture automobiles, etc.) consumed by automobiles is
considered, we discover that automobiles devour a total of
24.4% of the U.S. energy budget. Table 5 shows the total
energy requirements for automobiles in 1960, 1968, and
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TABLE 5
TOTAL ENERGY REQUIREMENTS FOR
AUTOMOBILES IN THE U.S.@

1960 1968 1970b
(1015 Btu) | {1015 8tu) | (1015 Btu)
1. Gasoline Consumption 5.60 7.96 8.95
2. Petroleum Refining 1.15 1.64 1.84
3. Automobile Manufacturing 0.78 1.05 0.71
4. Automobile Retail Sales 0.77 0.99 0.82
5. Repairs, Maintenance, Insurance,
Replacement Parts, Accessories,
Parking, Tolls, Taxes, Etc. 3.03 3.95 4.44
TOTAL :odm Btu) 11.33 15.59 16.76
Total Automobile Mileage {109 miles) 588 814 901
Total Energy Required (Btu/mile} 19,270 19,150 18,620
{milles/gallon} 7.06 7.10 7.31
Total U.S. Energy Consumption {1075 Btu) 44 .96 62.45 68.81
Percent of Total Energy Consumption
Devoted to Automaobiles 25.2 25.0 244

3The figures presented here are approximate.

c._.:m 1970 figures are low for manufacture and sale of automabiles. This is probably
due to the economic condition of the country that year, and may not represent a
long-term secular decline in automotive energy consumption.

1970. (The figures for manufacture and sale of automobiles
are low for 1970, a situation probably caused by the nation’s
economic condition that year.) The author points out that
his calculations are very approximate, especially those of the
energy needed to maintain, repair, insure, park, tax, etc.,
automobiles; conclusions drawn from them should be con-
sidered with caution.

This report demonstrates the many energy-saving bene-
fits which could be derived from shifts to more efficient
modes. There are additional incentives: a decrease in fuel
consumption, for example, would reduce vehicle emissions,
a large contributor to air pollution. However, these incentives
have not sufficed to prevent the shift over the last two
decades to more energy intensive modes. Hirst does not in-
vestigate the reasons for this, but he does examine the U.S.
Department of Transportation’'s Statement on National Trans-
portation Policy (1971) for possible explanations. He finds
some in the varying degrees of regulation which the federal
government imposes on the transportation modes. Automo-
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The following tables are taken from:
Eric Hirst (Oak Ridge National Laboratory)
Energy Intensiveness of Passenger and Freight Transport
Modes 1950-1970.
April 1973. ORNL-NSF-EP-44

APPENDIX

TABLE 1
AUTOMOBILE TRAFFIC AND ENERGY CONSUMPTION
Ic Urban Total
Average
Traffic El Traffic El Traffic Energy Ei
109PM | Bw/PM | 109PM | Btu/PM | 109PM | 1012 Btu | Btu/PM
1950 430 3200e 260 7600e 690 3300 4800
1965 630 3300e 310 7900e 950 4600 4800
1960 730 3300e 400 8000e 1130 5600 5000
1965 800 3300e 530 7900e 1330 6800 5200
1970 970 3400e 690 8100e 1670 8900 5400
TABLE 2
TRUCK TRAFFIC AND ENERGY CONSUMPTION
IC Freight Other Total
Traffic El Energy Traffic Energy Traffic Energy
109 T™M | Btu/TM | 1012Bw [109vM | 1072Bw | 109 Vv | 1012 By
1950 170 2400e 410e 76 1000e 91 1400
1955 220 2400e 530e 93 1300e 110 1800
1960 290 2900e 820e 98 1300e 130 2200
1965 360 2400 870 140 1800 170 2700
1970 410 2800 1140 180 2300 220 3500
TABLE 3
DOMESTIC AIRCRAFT TRAFFIC AND
ENERGY CONSUMPTION
IC Passenger 1C Freight Sub 1 U_“._u___m”q anmﬁ_. Total
Traffic El Traffic El Energyd Energy Energy Energy
109PM | Bw/PM [ 109TM | Bw/TM [1012Bt | 10128t [ 1072 Bw | 1012 Bt
1950 9.3 4500e 0.30 23000e 49e 87e 12e 150e
1955 21 4800 0.49 24000 110 360e 23 490e
1960 32 69800 0.89 35000 250 540 29 820
1965 54 8200 1.9 41000 520 640 43 1200
1970 110 8400 34 42000 1060 620 96e 1800e

2Subtotal Energy is the sum of commercial passenger and freight energy
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TABLE 4
RAILROAD TRAFFIC AND ENERGY CONSUMPTION
1C Freight 1C Passenger Total
Traffic El Traffic Ef Energy
102 T™ BTU/TM 109 PM Btu/PM | 1072 Btu
1950 630 3100 33 7400 2200
1965 660 1200 29 3700 890
1960 600 790 22 2900 540
1965 720 720 18 2700 570
1970 770 670 1 2900 550
TABLE 5
BUS TRAFFIC AND ENERGY CONSUMPTION
IC Urban School Total
Tratfic El Traffic El Traffic El Traffic Energy
109PM  Btw/PM | 109PM | Bw/PM | 109PM | B/PM | 109PM | 1072 Bty
1950 26 640e 24 3100 14e 760e 64e 100
1955 26 1100e 18 3400 - - - 110
1960 19 1500 16 3400 25e 1200e 60e 110
1965 24 1600 15 3500 - - - 120
1970 25 1600 13 3700 38e 1100e 76e 130
TABLE 6
URBAN MASS TRANSIT TRAFFIC AND
ENERGY CONSUMPTION
Electric Bus® Total
Average
Traffic El Traffic El Traffic Energy El
109PM | Btu/PM | 109PM | Bu/PM | 109PM |1012Btu | Btu/PM
1950 22 3900 24 3100 46 160 3500
1955 13 3800 18 3400 31 110 3500
1960 8.9 3900 16 3400 25 89 3600
1965 7.6 3900 15 3500 22 81 3700
1970 7.2 4100 13 3700 20 76 3800

3Data for urban buses also included in Table 5.
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TABLE 9 TABLE 10

DISTRIBUTION OF ENERGY WITHIN THE INTERCITY FREIGHT TRANSPORT
U.S. TRANSPORTATION SECTOR DATA FOR 1970
Percent of Total E El Haul
Ll S ) Actual Price Length Speed
1950 1960 1970 (Btu/TM) | {¢/TM) {miles) {mph)
1. Automobiles (38.0) (51.4) (54.2) o
urban 22.3 292 34.2 _u_v.m__:m 450 0.27 300 5
intercity 15.7 22.2 20.0 ,um__aa mmm m .mo : wmw 20
t B -
2. Trucks (16.6) | (19.8) | (21.1) o Y 2800 | 75 300 ~20
intercity freight 4.7 7.5 6.9 . ! ’
other 1.9 12.3 14.2 Airplane 42,000 21.9 1,000 400
3. Railroads (25.2) (4.9) (3.3)
freight 224 4.3 3.1
passenger 2.8 0.6 0.2
4. Airplanes (1.7) (7.5) (10.8)
passenger 0.5 2.0 5.6
freight 0.1 0.3 0.8
general aviation 0.1 0.3 0.6 TABLE 11
military 1-0 4.9 38 PASSENGER TRANSPORT DATA FOR 1970
5. Buses (1.1) (1.0} {0.8)
urban 0.8 0.5 0.3 Fatality
intercity 0.2 0.3 0.25 Rate
school 0.1 0.2 0.25 El (Btu/PM) ol I EH.,_: _.u““,___ Speed
6. Non-bus urban mass transit ﬂ.o O‘w O.M Actual 100% LF {%) (¢/PM) 108 PM) {miles) {mph}
7. Waterways, freight 3.6 2.8 2.5 Intercity o i
us . 0.10 1
8. Pipelines 0.7 0.9 1.2 Roliroad 2900 oo psd b0 000 80 40
uto ] 4.0 . "
9. Othera 12.1 11.4 5.9 Aromate | 3208 | 4w0 o | 0 |85 | e | o
Total Transportation Energy Yrban .
Consumption® (1019 Bt} | 87 | 108 | 165 Memonts | 3700 | 200 | 2 | 58 | om | & | v

84QOther” (the difference between Bureau of Mines totals and the sum
of lines 1-8) includes passenger traffic by boat, pleasure boating,
nonfuel uses of energy (lubricants, greases), nonaviation military fuel
uses, and errors due to the use of approximations and assumptions.

U>m reported by the Bureau of Mines.
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TABLE 1
TRANSPORTATION ENERGY
CONSERVATION STRATEGIES

FROM TO ENERGY SAVINGS?
energy- {percent of total
1970 efficient transportation
Situation alternative energy)

Passenger traffic: modal shifts

Intercity auto Intercity bus 0.22
Airplane Intercity bus 0.82
Urban auto Mass transit 0.52
Urban auto Bicycle 0.90
Passenger traffic: load factor w:nﬂmmwmm_o
Urban auto (28%}) Urban auto (38%) 0.25
Mass transit (20%) Mass transit (30%) 0.16
Intercity train (37%)¢ Intercity train (47%) 0.07
d

Passenger traffic: technological changes
Intercity auto (3400) Intercity auto (2300} 0.13

Urban auto (8100) Urban auto (5400) 0.33

Airplane (8400) Airplane (5600) 0.34

Train (2900)¢ Train (1900) 0.12
Freight traffic: modal shifts

Truck Train 0.26

Airplane® Train 5.01

3Energy savings are computed on the basis of a 20 billion passenger-
mile {or ton-mile) effect, about 1% of 1970 passenger traffic (or
intercity freight traffic). Total transportation energy use in 1970 was
16,500 trillion Btu.

cm:m_.m< savings are for a 10-percentage-point increase in load factor;
numbers in parentheses are load factors.

©In 1970 trains carried only 11 billion passenger-miles.

am:m_.u< savings are for a 33% reduction in vehicle El; numbers in
parentheses are El values in Btu/passenger-mile.

€In 1970 airplanes carried only 3.4 billion ton-miles of freight.

40

Specific modifications which could be made to improve
auto fuel economy (an efficacious strategy, since autos con-
sume more energy than all the other modes combined) in-
clude: lightening of vehicle weight, use of more efficient
engines, use of standard rather than automatic transmissions,
less use of accessories such as air-conditioning, use of radial
tires, better aerodynamic shaping for vehicles, and develop-
ment and use of alternative power sources. Application of
these steps could cut auto energy consumption by 30%. Fuel-
economical modifications could be made in other modes as
well: deceleration of aircraft speeds would decrease fuel
consumption, and use of lightweight construction materials
could save railroad energy.

The author considers at length the option of slowing
down transportation energy demand, since many changes in
the American lifestyle would be required. Implementation of
the conservation measures suggested above will necessitate
federal government involvement. Governmental regulations
could be designed to “internalize external costs of transpor-
tation.”” Transportation services are costly to society: their
price is air pollution, urban congestion, airport noise, etc. By
increasing the price of transportation services, growth in
energy demand could be slowed, and energy-efficient modes
would become more attractive. For instance, higher gasoline
taxes could make energy intensive autos less alluring.

An area over which the federal government has much
more direct control is budgetary spending on transportation.
In FY1973, $8 billion was spent on transportation, divided
in the following way: 60% on highways, 21% on air transport,
15% on water transport, 3% on mass transit, and 2% on rail-
roads. Thus the most energy intensive modes have been
granted favored status, while energy efficient modes have
been almost ignored.

Please see Table 2 for suagested policy measures to en-
courage energy conservation.

It must be emphasized that these alternatives should be
judged in light of potential energy conservation, time frame
and ease of implementation, costs to the public and indi-
viduals, predictability of impact, and interaction with other
national goals such as a clean environment.
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“DEMAND FOR ENERGY BY THE TRANSPORTATION
SECTOR AND OPPORTUNITIES FOR ENERGY
CONSERVATION"”

A.C. Malliaris (U.S. Department of Transportation, Transportation
Systems Center) and R.L. Strombotne (U.S. Department of Transpor-
tation, Office of the Secretary)

In: ENERGY, DEMAND, CONSERVATION AND INSTITUTIONAL
PROBLEMS. Edited by Michael S. Macrakis. Cambridge: MIT Press,
1974

Civilian transportation consumes directly 25% of the
U.S. energy budget (indirect consumption for production
and maintenance of vehicles, facilities, fuels, etc., and con-
sumption by military and agricultural vehicles could amount
to B0% and 10-15%, respectively, of directly consumed trans-
portation energy). Ninety-nine percent of the energy con-
sumed is in the form of petroleum or petroleum-based fuels:
transportation alone uses 50-60% of the petroleum consumed
in the United States.

Automobiles and trucks account for approximately 80%
of the transportation energy consumed. Thus modifications
in existing automobile and truck types could save important
amounts of petroleum. Following are ““families’ of options
for petroleum conservation:

a) increase fuel economy and occupancy of vehicles.

This could be done by making the vehicles themselves

more efficient and by operating them more efficiently

(i.e., by driving on non-stop freeways in manual trans-

mission automobiles with no air-conditioning or emis-

sion controls).

b) shift demand from energy extravagant to energy effi-

cient modes, and reduce overall transportation demand.

This could be done by rationing fuel and travel, insti-

tuting a four-day work week, using communication

links to replace some travel, designing urban areas to
minimize the need for travel, encouraging more walking,
etc. Most of these options, however, are controversial.

c) diversify the sources for transportation energy. This

could be effected by using non-petroleum based fuels,

nuclear power, or electricity. Implementation of this

option depends, however, on the development of a

technology drastically different from today's.
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The extravagant use of energy, because it has been cheap
and readily available, has become part of the American life-
style. Moreover, transportation accounts for 20% of the GNP.
Thus when considering transportation energy conservation
options, several factors must be kept in mind: the conserva-
tion potential of the action contemplated; the impact on the
economy, lifestyle, and transportation industry; the capital
and time investments needed for implementation; the cost to
the users; and the effect of the existing government policy on
the proposed action.

Following are specific policies which could be pursued
in order to conserve transportation energy:

1) Convert 50% of the passenger car population
(which now consumes 5.6% of the transportation energy
budget) to small cars with a fuel economy of 22 mpg. This
would result in a 9.5% (of the 1970 total transportation
energy expenditure) savings. Consumers would benefit since
small cars have lower initial and maintenance costs; but the
impact on the automobile manufacturers would be large and
possibly negative.

2) Reduce fuel consumption by 30% in 50% of high-
way vehicles; this would save 12.0% in fuel consumption.
The authors contend that an efficient highway vehicle pro-
viding all the comfort, safety, performance, and low emis-
sions of today’s automobiles, only at a slightly higher price,
could be achieved by a combination of some of the following
improvements in fuel economy:

a) b-15% savings from modifications on the currently

used engine: improvements in ignition, air induction,

carburetion, and fuel injection.

b) 10-15% savings from use of a smaller engine with a

power booster for acceleration.

c) 10-15% savings if a smaller engine is used with an

infinitely variable transmission.

d) 15-20% savings from replacement of the present en-

gine with a lean mixture engine.

e) 3-8% savings if the automaobile accessories are driven

at a constant rate.

f) B-10% savings from the use of radial tires.

g) 3-6% savings from a non-major redesign of the auto-

mobile body to reduce aerodynamic drag.
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TABLE 1

RELATIVE PROPERTIES OF CERTAIN NOVEL FUELS FOR REFERENCE PURPOSES

Relative | Relative Fire Com- Distri-

Gallons Pounds Weight Bulk Hazard bustion bution Tankage

per Btu | per Btu (Ib) (cu ft) Rating Toxicity | Rating | Logistics Cost
Gasoline 1.0 1.0 125 3 F 1-2 G E E
Methane (liquid) 1.6 0.9 210 5 F 01 E F F
Propane 1.1 1.0 185 4 F 0-1 E F G
Methanol 1.8 2.1 250 6 G 1-3 G F G
Ethanol 1.4 1.6 180 3 G 1-2 G G E
Liguid Hydrogen 3.9 0.4 150 >13 P 0 G P P
Liquid Hydrogen/
Liquid Oxygen 5.7 3.6 550 >18 P 0 E P P
Magnesium Hydride 4.1 4.9 700 >14 P 0 E P P
Ammonia 2.0 2.3 300 7 G 3 P P F
Hydrazine 1.6 2.3 265 5 E 3 P P F
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This paper sets out to put these differing systems of
measurement into perspective. As an initial attempt at clarifi-
cation, the author converts the energy intensiveness term
into the more familiar figure of fuel economy, quantified in
passenger- or ton-miles per gallon. The terms are directly
convertible in most cases, since almost all transportation is
powered by petroleum and the number of Btu's per gallon
is fairly constant,

The calculation of energy consumption involves many
variables: sources of data (sources as diverse as the National
Association of Motor Bus Owners and the Federal Highway
Administration were consulted by various analysts in order
to estimate intercity bus fuel consumption), reliability of
records kept, measurement in passenger-miles or seat-miles,
and the varying degrees of fuel economy, due to differing
designs, of the vehicles within one mode.

The author chooses airline fuel consumption to review
in detail, because the airlines are closely regulated and re-
quired to keep itemized records. The relative wealth of infor-
mation available does not, however, simplify the calculation
of the fuel economy of air transportation. Rather, it empha-
sizes the impossibility of arriving at a single figure for all the
airlines. Flight distance, aircraft type, seating configuration,
and scheduling all affect each trip’s and each airline’s fuel
consumption. Load factor can be eliminated as a variable bv
calculating seat-miles instead. When fuel economy is plotted
on a graph for the three types of wide-bodied jets on the
basis of gallons of fuel burned per hour, average speed, trip
time, number of passengers, and number of seats, the points
on the graph do not form a neat line or curve and are indeed
markedly scattered. This scatter may be caused by the various
seat configurations used by the airlines--some companies, for
example, put more seats into the Boeing 747 than do others,
thus making the basic unit of measurement, the seat-mile, a
variable itself. Fue! burned for ground operations and non-
revenue trips further complicates and blurs the calculation.
In spite of all the uncertainties and margins for error, an
interesting similarity does come to light: DC-10’s (jumbo jets)
and a six-passenger automobile get roughly the same average
fuel economy. ‘Roughly’’ and ‘‘average’’ should be empha-
sized; it has been shown how varied are the figures for airline

46

fuel economy, and fuel economy varies even more widely
among automobile models. Vehicle size and weight are the
most influential factors, and because they are so diverse the
figure for "‘average’” fuel economy, given for a 3750-Ib car, is
not really representative.

Aircraft, buses, and automobiles all tend to be sized by
peak load considerations; since peak conditions occur infre-
quently, these vehicles are run inefficiently. Railroads have
an inherent advantage in their sizing flexibility. Indeed,
theoretically trains have the best fuel economy potential of
all the major modes: low aerodynamic drag, low rolling fric-
tion, and little necessity for fuel-wasteful stopping and start-
ing such as ground vehicles experience in traffic. In practice,
however, railroads do not achieve good fuel economy, due to
their poor streamlining, low seating density, heaviness, and
inefficient operating techniques. Thus, although trains have
the ability to achieve the same fuel economy at 100-120 mph
that buses do at 60 mph, they actually travel fewer pas-
senger-miles per gallon than do buses.

BICYCLE {PETROLEUM TO PRODUCE FOOD ENERGY}

SUBURBAN TRAINS

-

P22 lLd

INTERCITY BUS
INTERCITY TRAINS
MOTORBIKE {1 PSGR}

z MINICAR OR MOTORCYCLE (2 PSGR}
(=] N o~
I 200 R Y
b } X COMPACT CAR
4 /\ X
w N X FUTURE HIGH.SPEED GROUND
N
g ”\\ N U.S. SEDAN (6 PSGR)
= N ——
s N z
u } —
& 1wo bk ¥ —_
@ . — JET AIRCRAFT
I iy \\
N —_— =
\ _ =
” s S
==
PROP. AIRCRAFT 7 s W
0 1 1 1 1 R |
0 100 200 300 400 500

MILES PER HOUR
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TABLE 1
PROJECTED UNITED STATES TRANSPORTATION DEMAND AND ENERGY USE

For a Typical Year With Present Trends With Energy Conservation
1965-1970 Period 1990-2000 Period 1990-2000 Period
Gallons and Passenger Miles Passenger | Gal. of PM/g, Passenger | Gal. of PM/g, Passenger | Gal. of PM/g,
{billions) Miles Fuel NPE Miles Fuel NPE Miles Fuel NPE

Short-haul air 30 2.0 15 90 6.0 15 30 1.0 30
Long-haul air 60 3.0 20 330 16.5 20 120 4.0 30
Intercity bus 25 0.3 83 50 0.5 100 250 2.0 125
Passenger trains 13 0.2 65 30 0.4 75 350 2.8 125
Intercity driving 900 26.0 35 2000 50.0 35 900 15.0 60
Passenger auto-trains - - - - - - 850 8.5 100

Intercity passenger 1028 31.5 32 2500 734 34 2500 33.3 75
Inland waterways 290 1.2 240 400 1.6 250 400 1.5 267
Oil pipelines 400 1.5 267 800 25 320 500 1.5 333
Regular R.R. freight 700 3.5 200 955 4.0 240 13501t 5.5 240
Intercity trucks 400 8.0 50 700 11.6 60 300 4.0 75
Rail piggyback 50 0.3 170 120 0.6 200 240 1.2 200
Air freight" 5 0.5 10 25 25 10 10 1.0 10

Intercity freight 1845 13.8 134 3100 22.8 136 2800 14.7 190
Utility, farming, etc.** - 10.0 - - 15.0 - - 12.0 -
Transit bus and cabs 20 0.5 40 30 0.6 50 80 1.6 50
Rapid transit and RRS 12 0.2 60 18 0.3 60 70 1.0 70
Local and urban trucks 200 10.0 20 300 10.0 30 200 5.0 40
Urban gas autos 620 35.0 18 1000 50.0 20 450 16.3 27
Electric autos - - - 50 2.0 40 300 6.0 50
Private aircraft 9 09 10 20 2.0 10 15 1.0 15

Urban and miscellaneous 861 56.6 15 1418 79.9 17 1115 42.9 26
Total United States transportt 3725 91.0 1 6998 159.1 44 6400 77.9 82

*Includes military freight.

**Repair, construction, service vehicles, farm equipment, military, etc.

tExcludes private planes, miscellaneous units, farm equipment, military, etc.

ttIncludes containers.
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tronic highway, can meet the desired average of 75 PM/g. The
data for the electronic highway are for high-speed (120-150
mph}, 20 ton, 60-seat buses, and are calculated assuming that
only these common carriers use the system. However, if
private automobiles are carried on the highway, the NPE
decreases to the low level of a private car on a conventional
highway. The author thus predicts that, due to their high
costs and poor energy efficiencies, interest in VTOL, STOL,
and TACV will die out, and high-speed trains {200 mph) will
become the mass transportation mode of the future. The
author also envisions private automobiles making intercity
trips via high-speed flatcar autotrains.

Urban transportation energy reduction is also examined.
The author believes that the consolidation of freight and
goods deliveries and the banning of through motor freight
vehicles will effectively reduce urban trucking energy con-
sumption. Urban passenger travel is projected to reach 870
billion passenger miles by the year 2000. The author predicts
that, at best, only 70 billion of these will be carried by rapid
transit and suburban trains; the rest will move in buses and
gasoline or electric automobiles. |f half of private urban
vehicles were powered by electricity, and public transporta-
tion were expanded somewhat, urban transportation energy
consumption could be cut by one-third, and urban petroleum
use by half.

The author thus does not see curtailment of travel or
goods movement as an inevitable result of transportation
energy conservation. Transportation systems are already
available with much higher energy efficiencies than today’s--
even without electrification, the amount ot petroleum con-
sumed per unit of traffic could be cut in half. If some
vehicles and modes were converted to run on electric power
(provided by non-petroleum generated plants), transportation
petroleum use--though not total transportation energy con-
sumption--could be further reduced.

If petroleum consumption in the year 2000 is limited to
80 billion gallons/year, with more efficient transportation
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systems 6400 billion unit-miles could still be moved. This
could be accomplished by shifting 30% of intercity pas-
senger traffic to public carriers {fast buses, air-bus planes, or
very high-speed trains). But 200 million private automobiles
could still be owned, allowing Americans to continue their
auto-dependent lifestyle with a minimum of changes. Load
factors in urban gasoline-fueled automobiles would have to be
increased; the present 620 billion passenger miles travelled
with 1.3 occupants/auto would have to be decreased to 450
billion PM with a load factor of 1.6. But small all-electric
autos could carry an additional 300 billion passenger miles.

This modal mix-which the author does not claim as the
only or the best such transportation energy-conserving
model--could not only allow the United States to continue to
expand its transportation output and mobility in the face of
the petroleum shortage, but could even double the country’s
transportation volume while using less petroleum and energy
than at present. The use of piggybacked car carriers and small
electric automobiles would even allow private automobile
ownership to continue to increase.

DEFINITIONS

1. MACH 2.7 SST--supersonic transport aircraft moving at
2.7 times the speed of sound.

2. STOL, turboprop-Short Take-Off and Landing aircraft,
moved by propellers driven by turbojets.

3. TACV (Hovertrain)-Tracked Air Cushion Vehicle, or
one which moves along a track resting on a cushion of air
rather than on wheels or tires. Popularly called a Hovertrain.
4.  VTOL--Vertical Take-Off and Landing aircraft. It may
be a helicopter (fixed horizontal propeller) or tilt-wing air-
craft, in which the propellers (attached to the moveable
wings) provide thrust when in the vertical position, and lift
when in the horizontal position,
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2. High Efficiency Trucks

Trucks are, in general, more efficient than cars, as most
are diesel powered and have complex but highly efficient
transmissions. The trend is for an even higher percentage of
trucks to become diesel. Development of a light-duty diesel
for single-unit trucks could improve average truck fuel econ-
omy further. Light trucks {(pickups, etc.) can be categorized
with cars for fuel economy purposes. Increased dieselization
will require a two-billion-dollar plant conversion investment.
Mechanics would also have to be retrained. The initial cost of
diesel vehicles is higher, but maintenance and fuel costs are
sufficiently lower to make the change economical for the
consumer.

Summary Sheet 2

Measure: High-Efficiency Trucks S
Fuel Savings: Ultimate Limit 5.4 %
Practical, 15 yr. Limit 5.4 %
Practical, 5 yr. Limit 2.2 %
Efficiency: Before Implementation 2714 BTU/ton-mile
{9.38 TM/VM, 5.42 mpg combinations)
After Implementation 2362 BTU/ton-mile
{9.38 TM/VM, 6.23 mpg combinations)
Costs: Investment  $ 3 B, ~20 % Change
difference in
User -0.3 ¢/ton-mile —{" 3} % Change
{intercity freight at current fuel prices)
Timing: Years to Achieve Max. Practical Benefit 15
Travel Time: No Change _% Change

Environmental: Air Quality: Minor gain {as for autos)

Non:Fuel Resources: No change

Other: No change

Safety: No change
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3. Reduced Speed Limits

Reducing the speed limit can increase fuel economy, but
only if the lower limit is obeyed. The historic trend is
towards increased speeds, and, after an initial period of com-
pliance, disobedience of the lower speed has been wide-
spread. The increased travel time has an adverse economic
impact, especially on the trucking industry, as terminals are
located ten hours apart at the higher speeds. On the beneficial
side, lower speeds reduce the frequency and severity of acci-
dents. Implementation of lower speed limits is relatively
simple and economical, but enforcement, if necessary, might
well be costly and energy consuming.

Summary Sheet 3

Measure: Vehicular Efficiency Speed Limits >
Fuel: Ultimate Limit 2.9 %
{50 mph)
Practical, 15 yr. Limit 2.9 %
(50 mph}
Practical, 5 yr. Limit 2.9 %
{50 mph}
pax-mile or
Efficiency:  Before Implementation 3470 BTU/ton-mile
(2.4 PM/VM, 15 mpg)
pax-mile or
After Implementation 3063 ___BTU/ton-mile

12.4 PM/VM, 17 mpg)

Costs: Investment  $ .02 B, neglgible % Change
difference in
User  -0.15 ¢/pax-mile; - -8 % Change
(but slight savings on fuel will be wiped out by value of lost time)
Timing: Years to Achieve Maximum Practical Benefit 3
Travel Time: Up To 40% Increase % Change

Environmental: Air Quality: Minor favorable effect {emissions

from most engines increase as
speed increases from 50 mph}
Non-Fuel Resources: No change

Other:

Safety:  Favorable if limits obeyed, uncertain (probably unfavorable} ._Mno:..u:m:nm mixed
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6. Increased Truck Load Factors

The load factor for trucking could also be increased to
produce more ton miles per vehicle mile. The average 20-ton
unitactually carriesonly 10.96 tons. Most trucks are owned by
the manufacturer or merchant whose goods they carry, and
consequently make empty backhauls. Perishable goods fre-
quently cannot wait until a full load is ready; other goods
may be so bulky that the truck is actuaily full with only half
the allowable weight. Deregulation of common carriers by
ICC would increase the efficiency of the trucking industry,
but some firms would go bankrupt. Freight might also be
shifted from trucking to rails which are more fuel efficient.

Summary Sheet 6

Measure: _ Load Factor: Trucking - ) -
Fuel Savings: Ultimate Limit 44 %
Practical, 15 yr. Limit 44 %
Practical, 5 yr Limit ———-_3.9
Efficiency: Before tmplementation 2288 8TU! /ton mile
{1096 TM/VM, 5 42 mpg combinations|
After lmplementation 1929 BTU/ton-mile
{13 TM/VM, 5 42 mpg combinations)
Costs: Investment  § negative 8 N/A * Change
difference 1n
¢/pax mile
User <1 or ton-mile <10 % Change
Timing: Years to Achieve Max. Practical Benefit 10
Travel Time: Vanable with situation, may increase significantly for some users. % Change

Environmental: Air Quality: Favorable, proportional to reduction in vehicle miles
Non-Fuel Resources: Minor savings on truck materials
Other: N/A

Safety: Minor gain, proportional to reduction in vehicle miles

_><2mmm BTU/gallon for combination truck fuel = 136,000
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7. Urban Traffic Mode Shift

Shifting auto traffic to public transit is another potential
fuel economy measure. Thirty percent of passenger travel
takes place in urban areas. An estimated 60% of travel to and
from the central business district is potentially able to be
carried by buses which are twice as fuel efficient as autos in
terms of passenger miles per gallon. This diversion is limited
by the number of available buses, and as most current bus
production is used for replacement purposes, new plants
might be necessary. Trip time will increase, so public accept-
ance might be a problem. Advantages are the greater safety
of buses than autos, lower air and noise pollution, and less
traffic congestion for those who must drive.

Summary Sheet 7

Measure: _Mode Shift Auto (urban} to Transit D= S

Fuel Savings: Ultimate Limit 1.8 %
Practical, 15.yr. Limit 1.7 %
Practical, 5-yr Limit 1.0 e

Efficiency: Before Implementation 6510 ch\w%m..ﬂ____m or

(1.6 PM/VM, 12.0 mpg)

gTU/RIx mile o

After Implementation 2615 ton-mile

(20 6 PM/VM, 6 4 mpg)

Costs: Investment  $ 62 8 >1000 "% Change
{buses only)
difference in
User depends on transit ¢/pax-mile;
pricing policy or ton-mile N/A % Change
Timing: Years to Achieve Maximum Practical Benefit 10
Travel Time: + {0 to 200) % Change

Environmental:  Air Quality: Favorable, proportional to reduction in auto use
Non-Fuel Resources: Matenals for new buses
Other:

Safety: —5 percent reduction in urban-traffic deaths
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10. Freight Shift from Truck to Rail

As rail is inherently more energy efficient than trucking,
using only one-fourth as much fuel per ton mile, switching
intercity freight to rail can save fuel. Rail capacity is sufficient
to handle the likely increased load, but piggyback cars and
terminal facilities are limited at the present. Additionally,
rail freight takes longer and is only suitable for distances of
over 200 miles at the very least, and more likely 400 miles.
The economic impact would be favorable on the rail industry,
counteracted by unfavorable effect upon the trucking
industry.

Summary Sheet 10

Measure: Mode Shift- Truck Freight to Rail
Fuel Savings: Uttmate Limit 158 %
Practical, 15-yr. Limit 064 %
Practical, 5yr. Limit 032 %
Efficiency: Before Implementation 1778 m‘_.C___WMM H____M or
{diesel tractor-trailer}
After Implementation 591 m.ﬂc_‘mnmn.ﬁﬂ.___m or
{trailer on flatcar, including drayage)
Costs: Investment $ 15 B; +50 % Change
difference in
¢/pax-mile,
User ~ 2 or ton-mile 30 % Change

Direct onty, indirect costs of rail service make 1t more expensive than trucking for many users

Timing: Years to Achieve Maximum Practical Benefit 5

Travel Time: + {25 10 100) % Change

Environmental: Air Quality: Favorable, proportional to fuel saving
Non-Fuel Resources: Negligible

Other: Negligible

Safety: Minor improvement
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From consideration of these measures as summarized in
Table 1, it can be seen that improvement of motor vehicle
efficiency offers the greatest potential fuel savings, and has
consumer support as well. Implementation time is long,
however; for immediate savings, carpools are a more promis-
ing solution. In general, fuel conservation measures improve
environmental quality. Investments are necessary and quite
substantial for full fuel economy realization, but are justified
on a cost-benefit basis.

NOTE: The above abstract is based upon a draft report only,
and should be used with that caveat in mind. More recent
data will be provided in A Summary of Opportunities to Con-
serve Transportation Energy by J.K. Pollard, David Rubin,
and David Hiatt, of DOT/Transportation Systems Center cur-
rently in preparation.
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GUIDELINES TO REDUCE ENERGY CONSUMPTION
THROUGH TRANSPORTATION ACTIONS

Alan M. Voorhees and Associates, Inc.

Report prepared for the U.S. Urban Mass Transportation Administration
May 1974

The purpose of this report is to aid the evaluation and
choice of low-cost, short-term transportation actions to re-
duce energy consumption while minimizing adverse effects
and implementation problems. It is meant to serve as a guide
to the creation of “packages” of actions which complement
both one another and previously existing transportation
programs.

Three factors must be considered for each action: the
means by which it reduces energy consumption; its environ-
mental and socioeconomic effects; and the practicability of
implementation of the action in an urban area of a given
size. There are ten “‘action groups’ of possible measures:

1)  Measures to improve the flow of high-occupancy
vehicles: bus-actuated traffic signals; bus and carpool lanes
and ramps; and bus priority regulations at intersections.

2)  Measures to improve total vehicular flow: improved
signal systems; one-way streets, reversible lanes, no on-street
parking; elimination of unnecessary traffic control devices;
widening of intersections; limited access highway ramp meter-
ing, freeway surveillance to detect and correct slow-downs,
and displays to advise drivers of road and parking conditions;
and staggered work hours to spread rush hour traffic volume
over a longer time period.

3) Measures to increase car and van occupancy: car-
pool matching program, information campaign, and incentives
(cost, convenience, and improved travel time}; and neighbor-
hood ride sharing.

4) Measures to increase transit patronage: bus, sub-
way, and commuter rail service improvements; fare reductions
and the elimination of transfer fares; traffic flow-related in-
centives to ridership (bus priority lanes and signals); park-ride
services with express bus service; and demand-responsive
systems.

B) Measures to encourage walk and bicycle modes:
pedestrian malls in high-activity areas; bicycle priority regu-
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lations at intersections; pedestrian-actuated traffic signals;
walkways separated from street level; bikeways; and bicycle
storage facilities.

6) Improve the efficiency of taxi service and goods
movement: improve taxi service by permitting higher occu-
pancy, allowing less cruising, encouraging jitney-type services;
improve urban goods movement by consolidating delivery
hours, routes, and terminals, etc.

7)  Measures to restrict traffic: vehicle-free or traffic-
limited zones; limited hours and location of travel; and
limited use of freeways.

8) Transportation pricing measures: increased bridge
and highway tolls; congestion tolls; vehicle fee for entry into
designated areas; increased parking charges; additional gaso-
line tax paid at pump on per-gallon basis; mileage tax; fees to
promote energy-efficient automobiles; tune-up requirements;
tax on second car ownership; and a tire tax (on replacement
or retreaded tires).

9) Measures to reduce the need to travel: four-day
work week; zoning of land to discourage auto-dependent
development and permit diverse land uses, allowing inter-
spersion of residential and commercial districts; home goods
delivery, and communications substitutes.

10) Energy restriction measures: retail gasoline ration-
ing with or without transferable coupons; restriction of fuel
sales on a geographical basis (this is more easily administered
than rationing with coupons); ban on Saturday and/or Sun-
day gasoline sales; and reduced speed limits.

Energy reduction impact, institutional and legal factors,
and indirect socioeconomic and environmental effects of
different possible actions within each group are summarized
in the tables that follow.

Factors estimated in Table 1 include:

a) Regional energy consumption, given as the percent

{(within a range) reduction in energy use that each trans-

portation action might effect.

b) Time to implement--all actions could be implemented

within a short time (2 years or less), but a more specific

estimate, given as a range of months, is provided in this
column to allow for comparisons between actions.
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TABLE 1
SUMMARY TABLE: ACTIONS TO REDUCE ENERGY CONSUMPTION
AND THEIR INSTITUTIONAL/LEGAL CONSIDERATIONS — CONTINUED

Regional Months Organiza- Possibly
. . Energy to Implemen- Imple- tional New Initial
Action Group Action Reduc- Imple- tation menting Change Legis- Public Enforce-
tion (%) ment Cost Agency Required lation Reaction ment
3. Measures to Increase Carpool matching 3.0-6.0 2-6 L P,L,S Adapt No +/— No
Car and Van programs
Occupancy Carpool public 20-40 2-6 L PL,S Adapt No + No
information
Carpool incentives 40-6.0 2-6 L-M P.L,S Adapt No +/- Maybe
Neighborhood ride 0-1.0 3-24 L P.L None- No = No
sharing New
4. Measures to Increase Service improvements 1.0-3.0 3-18 M P,L,S None No + No
Transit Patronage Fare reductions 4.0-6.0 2-12 M-H LS None Yes + No
Traffic-related incentives 1.0-5.0 2-24 L-M LS None No +/—- Maybe
Park/ride with express 05-25 18- 24 M-H LS Adapt No + No
bus service
Demand-responsive 0-1.0 6-12 H LS Adapt- Yes + No
service New
5. Measures to Encourage Pedestrian malls 05-25 6-12 M-H L Adapt Yes + Maybe
%Mﬁmw:n Bicycle Second level sidewalks 0-05 6-12 M L Adapt No +/ No
Bikeway system 05-20 6-12 L-M L.S Adapt Yes + Maybe
Bicycle storage facilities 0-1.0 2-4 L LS Adapt No + No
Pedestrian actuated 0-05 6-12 L LS None No +/= No
signals
Bicycle priority regu- 0-05 3-9 L LS None Yes +/= Yes
lations at intersections
6. Measures to Improve Improve efficiency of 0-20 3-18 M PL None- Yes + Yes
the Efficiency of Taxi taxi service Adapt
w_mzam and Goods Improve efficiency of 0-15 6-18 H PLS | Adapt Yes + Yes
QVEmEent urban goods movement New
7. Measures to Restrict Auto-free or traffic 05-25 12-18 M-H L Adapt Yes t+/— Yes
Traffic limited zones
Limiting hours or 0-3.0 4-12 M-H LS Adapt- Yes Yes
location of travel New
Limiting freeway usage 0-10 3-6 L-M LS None- Yes Yes
Adapt
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The following indirect socioeconomic effects are ana-
tyzed in Table 2 for each of the transportation actions:

a) Travel time--the action may increase, decrease, or have
no effect (NE) on travel time.
b) Cost distribution--costs of the action may be paid for
by the public (PU}, in taxes or fares; the private sector
(PR} by subsidies of carpools or shorter work hours; or
the government (G), as part of general government

expenditures.

c) Safety--actions which improve traffic circulation can
reduce accident potential and thus improve personal

safety; others have no effect (NE) on safety.

TABLE 2

d) Lifestyle change--action’s effects on mobility, driving
habits, and work, shopping, and recreation times and
places are considered here; they are judged to have either
major, minor, or no effect (NE).

e) Economic dislocation--the effects of the actions on
location and number of jobs in an area, the area’s tax
base, and sales in commercial districts are estimated
here; impacts are rated major, minor, or as having no
effect (NE).

f) Development opportunities--actions are rated accord-
ing to the extent {major, minor, or NE) to which they
provide opportunities to expand current programs or
develop new ones.

SUMMARY TABLE: ACTIONS TO REDUCE ENERGY CONSUMPTION
AND THEIR INDIRECT SOCIOECONOMIC EFFECTS

SOCIO-ECONOMIC
Regional Eco- Develop-
. . Energy Cost Life- nomic ment
Action Group Action Reduc- Travel Distri- style Dislo- Oppor-
tion (%) Time bution Safety Change cation tunities
1. Measures to Improve Bus-actuated signals 0-05 Decrease G Improve NE NE NE
Flow of High Bus-only lanes on city 0-20 Decrease G Improve Minor NE-Minor NE
Occupancy Vehicles streets
Reserved freeway bus or 1.0-3.0 Decrease G Improve Minor NE NE
bus/carpool lanes and
ramps
Bus priority regulations 0-05 Decrease G Improve Minor NE NE
at intersections
2. Measures to Improve Improved signal systems 1.0-4.0 Decrease G Improve NE NE NE
%oﬂw*_. <mq_nc_mq One-way streets, revers- 1.0-4.0 Decrease G Improve NE-Minor NE-Minor NE
ratiic Flow ible, no on-street
parking
Eliminate unnecessary 0-20 Decrease G Improve NE NE NE
traffic control devices
Widening intersection 0-1.0 Decrease G Improve NE NE NE
Driver advisory system 0-05 Decrease G Improve NE NE NE
Ramp metering, freeway 0-1.0 Decrease G Improve NE NE NE
surveillance, driver
advisory display
Staggered work hours 0 Decrease PR NE Minor/ Minor Minor/
Major Major
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TABLE 2

SUMMARY TABLE: ACTIONS TO REDUCE ENERGY CONSUMPTION
AND THEIR INDIRECT SOCIOECONOMIC EFFECTS—-CONTINUED

SOCIO-ECONOMIC
Regional Eco- Develop-
. . Ener Cost Life- omi ment
A G Act ay i nomic
EHARSIONR . Reduc- Travel Distri- style Disco- Oppor-
tion (%) Time bution Safety Change location tunities
7. Measures to Restrict Auto-free or traffic 05-25 Increase G Improve Minor NE-Minor Major
Traffic limited zones 2
Limiting hours or 0-3.0 Increase G Improve Minor/ Minor/ NE-Major
location of travel Major Major
Limiting freeway usage 0-10 Increase G Improve Minor NE NE
8. Transportation Pricing | Bridges and highway tolls 1.0-5.0 NE PU NE NE-Minor NE-Minor NE
Measures Congestion tolls and road 1.0-5.0 NE PU NE NE-Minor NE-Minor NE
cordon tolls
Increased parking costs 05-3.0 NE PU/PR NE NE-Minor Minor NE
Fuel tax 2.0-6.0 NE PU NE NE NE-Minor NE
Mileage tax 20-6.0 NE PU NE NE NE-Minor NE
Vehicle-related fees 2.0-10.0 NE PU NE NE NE-Minor NE
9. Measures to Reduce Four-day work week 1.0-6.0 NE PR NE Major Minor Major
the Need to Travel Zoning 1.0-100 NE G/PR NE Major Major Major
Home goods delivery 0-1.0 NE PU/PR NE Minor NE Minor
Communications 0-1.0 NE G/PR NE Minor Minor Minor/
substitutes Major
10. Energy Restriction Gas rationing without 10.0- 25.0 NE PU/G NE Major Minor/ NE
Measures transferable coupons Major
Gas rationing with 10.0-25.0 NE PU/G NE Major Minor/ NE
transferable coupons Major
Restriction of quantity 5.0-20.0 NE PU/PR/G NE Major Major NE
of sales on a geographic
basis
Ban on Sunday and/or 2.0-10.0 NE PU/PR/G NE Major Minor/ NE
Saturday gas sales Major
Reduced speed limits 0-20 Increase G Improve Minor NE NE

SYMBOLS: Cost Distribution:

G = Government

In Table 3, indirect environmental effects are analyzed;
ambient air quality, noise, and congestion may be increased,
decreased, or unaffected (NE) by the actions. The impacts of
the conservation measures on land use may be major, minor,
or cause no effect.

PU = Public
PR = Private
NE = No Effect
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TABLE 3
SUMMARY TABLE: ACTIONS TO REDUCE ENERGY CONSUMPTION
AND THEIR INDIRECT ENVIRONMENTAL EFFECTS—CONTINUED

mmmeo:m_ ENVIRONMENTAL
Action Group Action _.;.MM_MM. Air Land Use
tion (%) Pollution Noise Congestion Patterns
4. Measures to Increase Service improvements 1.0-3.0 Decrease Decrease Decrease NE
Transit Patronage Fare reductions 4.0-6.0 Decrease Decrease NE NE
Traffic-related incentives 1.0-5.0 Decrease Decrease Decrease NE
Park/ride with express 05-25 Decrease Decrease Decrease Minor
bus service
Demand-responsive 0-1.0 Decrease Decrease Decrease NE
service
5. Measures to Encourage | Pedestrian malls 05-25 Decrease Decrease Decrease Minor/Major
ﬁwﬁmwsa Bicycle Second level sidewalks 0-05 Decrease Decrease Decrease Minor
Bikeway system 05-20 Decrease Decrease Decrease Minor
Bicycle storage facilities 0-1.0 Decrease NE NE NE
Pedestrian-actuated signals 0-05 NE NE Decrease NE
Bicycle priority regulations 0-05 NE NE Decrease NE
at intersections
6. Measures to Improve Improve efficiency of 0-20 Decrease Decrease Decrease NE
the Efficiency of Taxi taxi service
W\M_WE_S and Goods Improve efficiency of 0-15 Decrease Decrease Decrease Minor
Svement urban goods movement
7. Measures to Restrict Auto-free or traffic 0.5-25 Decrease Decrease Decrease Minor/Major
Traffic limited zones
Limiting hours or 0-3.0 Decrease Decrease Decrease Minor/Major
location of trave!
Limiting freeway usage 0-1.0 Decrease Decrease Decrease Minor
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To formulate a transportation energy reduction package
for an area, actions that are favorable according to most
criteria (which vary with the area) and at the same time
complement each other are grouped together. The interrela-
tionships of the actions are very important, as some actions
reinforce each other, while others have contrary effects. Ac-
tions which improve total vehicular flow are counterproduc-
tive (i.e., the objective of one action is directly opposed to
the objective of the other) to actions designed to shift travel
away from automobiles: light traffic and easy driving make
taking the car more attractive. Carpools and transit {(park-
and-ride systems, for example) share a market, so that actions
to increase the ridership of each (both are aided by traffic
regulations favoring high-occupancy vehicles, energy restric-
tions, and transportation pricing actions) would probably
overlap.

Energy restriction actions (i.e., gasoline rationing meas-
ures) and transportation pricing actions (calculated to make
the fuel-inefficient automobile more expensive than the other
modes) overlap; indeed, implementation of one type of action
may preclude the effectiveness of the other, as in the case of
gasoline rationing and higher fuel taxes. (Another aspect of
this trade-off, as the report points out, is the tendency of
pricing actions to affect the public less equitably than do
restriction measures.) In contrast, actions aimed at improving
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taxi service and urban goods movement are generally inde-
pendent of other actions.

Disincentive measures {such as traffic restriction, trans-
portation pricing, and energy restriction actions) and incen-
tive measures (transit improvements, walk and bike actions,
and carpooling programs) are mutually enhancing; i.e., travel
turned away by the disincentives can be picked up by the in-
centive action programs.

Sample packages of actions have been developed for
areas of different-sized populations. Actions appropriate to
the size of the area were chosen, keepingin mind as important
criteria short lead time (0-6 months is highly favorable),
minimum institutional obstacles (i.e., existence of an appro-
priate administrative/funding agency), favorable public reac-
tion, and high energy reduction {more than 3%). A minimum
package includes actions which are favorable according to
three or four of these criteria and which do not overlap or
work counter to each other. Medium package actions, based
on the minimum package, include additional actions which
meet two or three of the above criteria and which are not
counterproductive to other actions. Maximum packages,
which are based on the medium package, include any actions
meeting one or two of the criteria; interrelationship con-
straints are dropped. Sample packages for small, medium, and
large urban areas are given in Tables 4, 5, and 6 which follow.
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TABLE 4

PACKAGED ACTIONS TO REDUCE ENERGY CONSUMPTION IN A
SMALL URBAN AREA (50,000 — 250,000 POPULATION) — CONTINUED

PACKAGES
ACTION GROUP " - "
Minimum Package * Medium Package Maximum Package
7. Measures to Restrict Auto-free zone of 0-1%
Traffic pedestrian mall-type
8. Transportation Pricing Parking-relation actions | 1-2% Parking-related actions, 1-8%
Measures possibly vehicle-related fees
9. Measures to Reduce the Possibly four-day work 1-14%
Need to Travel week, possibly zoning-
related changes
10. Energy Restriction Low level of restriction | 2-6% Restriction of quantity | 5-15% Gas rationing with or 10-25%
without transferable

Measures

of quantity of saleson a
geographical basis

of sales on a geographical

Saturday gasoline sales

basis, ban on Sunday and/or

coupons, restriction of quantity sales
on a geographical basis, ban on
Sunday and/or Saturday gas sales,
reduced speed limits

CUMULATIVE PACKAGE
ENERGY REDUCTION
(PERCENT)

5-10%

10-16%

16-30%

*The figures given in the boxes in the upper right-hand corners are expected percent regional energy reductions if only the measures in the box are

implemented.
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TABLE 5
PACKAGED ACTIONS TO REDUCE ENERGY CONSUMPTION IN A MEDIUM-SIZED
URBAN AREA (250,000 — 1,000,000 POPULATION) — CONTINUED

ACTION GROUP

PACKAGES

Minimum Package

*

Medium Package *

Maximum Package

Measures

of quantity of sales on a
geographical basis

of sales on a geographical

basis, ban on Sunday and/or
Saturday gasoline sales

6. Measures to Improve the
Efficiency of Taxi Service
and Goods Movement
7. Measures to Restrict Auto-free zone(s) of 0-2%
Traffic pedestrian mall type
8. Transportation Pricing Parking-related 1-3% Parking-related actions, 1-10%
Measures actions possible bridge and/or
highway tolls, possibly vehicle-
related fees
9. Measures to Reduce the Possibly four-day work 1-14%
Need to Travel week, possibly zoning-
related changes
10. Energy Restriction Low level of restriction | 2-6% Restriction of quantity 5-15% Gas rationing with or 10-25%

without transferable

coupons, restriction of quantity on
a geographical basis, ban on Sunday
and/or Saturday gas sales, reduced
speed limits

CUMULATIVE ENERGY
REDUCTION (PERCENT)

6-11%

11-18%

18-32%

*The figures given in the boxes in the upper right-hand corners are expected percent regional energy reductions if only the measures in the box are
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implemented.
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TABLE 6

PACKAGED ACTIONS TO REDUCE ENERGY CONSUMPTION IN A LARGE
URBAN AREA (1,000,000 OR MORE POPULATION) — CONTINUED

ACTION GROUP

PACKAGES

Minimum Package

*

Medium Package *

Maximum Package *

6. Measures to Improve the High occupancy taxi 1-2% High occupancy taxi 1-3% Combination of several 1-5%
Efficiency of Taxi Service operation operation, restrict truck and taxi-related
and Goods Movement cruising, truck loading zones actions
7. Measures to Restrict Auto-free zone(s) of 0-2%
Traffic pedestrian mall type
8. Transportation Pricing Parking-related actions 1-3% Parking-related actions, 1-10%
Measures possibly bridge and/or
highway tolls, possibly vehicle-related
fees
9. Measures to Reduce the Possibly four-day work 1-14%
Need to Travel week, possibly zoning-
related changes
10. Energy Restriction Low level of restriction |2-6% Restriction of quantity | 5-15% Gas rationing with or 10-25%

Measures

of quantity of saleson a
geographical basis

of sales on a geographical

basis, ban on Sunday and/or
Saturday gasoline sales

without transferable
coupons, restriction of quantity on a
geographical basis, ban on Sunday
and/or Saturday gas sales, reduced
speed limits

CUMULATIVE PACKAGE
ENERGY REDUCTION
(PERCENT)

7-12%

12-20%

20-35%
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*The figures given in the boxes in the upper right-hand corners are expected percent regional energy reductions if only the measures in the box are

implemented.
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