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his report was prepared as the final part of an OTA assessment on

U.S. Energy Efficiency: Past Trends and Future Opportunities,

requested by the Senate Committees on Governmental Affairs

and Energy and Natural Resources: the House Committee on En-
ergy and Commerce; with an endorsement from the Subcommittee on
Environment, Energy, and Natural Resources of the House Committee
on Government Operations. Other reports in this assessment examine
energy use in the Federal Government, industry, buildings, and the role
of utilities in energy efficiency.

This report focuses on energy use in U.S. transportation, which ac-
counts for over 60 percent of U.S. oil consumption. Opinions about the
health of the U.S. transportation system and the efficacy of proposed
measures to reduce its energy consumption are extremely polarized:
some view the system as basically healthy, though in need of some “fine-
tuning” to deal with future growth pains. others view the system as ex-
tremely wasteful in its energy use, environmentally destructive, and
verging on breakdown, with the need for systemic changes. The report
attempts to put these opinions into context by examining the current sta-
tus of the system and evaluating critical problems such as congestion,
presenting forecasts of future energy use, making some pointed compari-
sons with European transportation, and describing and evaluating a
range of options for saving energy.
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his report assesses an array of transportation policies de-
signed to reduce energy use and describes the intersection
of these policies with general transportation problems
such as congestion and air pollution. The report:

.describes the U.S. transportation system and its energy use;

. presents and evaluates forecasts of energy use to 2010;

.compares and contrasts U.S. and European travel and energy
use patterns,

= discusses reasons governments may choose to intervene i n
transportation markets; and

.describes and evauates a range of policy options to reduce U.S.
transport energy use, from gasoline taxes to urban planning.

Its objective is to provide a balanced, qualitative perspective of
issues and problems rather than a highly quantified analysis.

INTRODUCTION

A primary characteristic of transportation in the United States is
its high per capita energy consumption. The average U. S citizen
consumes nearly five times as much energy for transportation as
the average Japanese and nearly three times as much as the aver-
age citizen of France, sritin, or West Germany. ' The energy effi-
ciency of U.S. transportation has improved substantialy over the
past two decades (both absolutely and in comparison to Europe)
and U.S. travel volume has grown more slowly than in most of the
developed world. However, the United States still consumes

I'L. Schipper etal., “Energy Use in Passenger Transport in OECD Countries: Changes

Between 1970 and 1987, Transporiation. The International Jowrnal, April 1992,
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ENVIRONMENTAL PROTECTION AGENCY
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Washington, DC, on a smoggy day About 100 U.S. cities still
violate national ambient air quality standards for ozone.

more than one-third of the world’s transport ener-
gy.’Also, 96 percent of U.S. transport energy is
in the form of oil products.’Thisis more oil than
the United States produces,’despite its position as
one of the world's largest oil producers.

In 1990, the U.S. transportation sector ac-
counted for nearly 65 percent of all U.S. oil con-
sumption.”The oil consumed by U.S. transporta-
tion creates problems in terms of: 1 ) air
pollution— about 100 urban areas violate the
ozone air quality standard, and emissions from
transportation sources, primarily highway ve-
hicles, contribute 30 percent of the volatile organ-
ic compound and 39 percent of the nitrogen oxide
precursors of ozone; 2) national security and bal-
ance of trade, because so much of our oil isim-
ported; and 3) greenhouse warming, because large
guantities of carbon dioxide (the primary green-
house gas) are emitted with oil combustion.

The intensity and magnitude of U.S. travel
create other problems as well. Growing conges-
tion, especialy in urban areas, leads to expensive
delays in passenger and freight transport, and in-
creases fuel use and pollution. U.S. reliance on au-
tomobiles has resulted in a high percentage of land
being devoted to highways, parking facilities, and
other auto uses; the loss of wetlands and other eco-
logically sensitive lands to highways and the dif-
fuse land use that highways support; and a range
of other environmental impacts.

Energy use in U.S. transportation is expected to
increase despite continued improvements in effi-
ciency. The Energy Information Administration’s
(EIA) Annual Energy Outlook 1993 projects
steady but moderate growth in transportation en-
ergy use across al scenarios. EIA projects a 19- to
38-percent increase over the 20-year period of the
forecast. Thus, by 2010, transport energy use
would be 26.8 to 31.0 quadrillion British thermal
units ( 10°Btus = 1 quad®), about 12.9 to 14.9
million barrels of oil per day (mmbd), compared
with its 1990 level of 22.5 quads, or 10.5 mmbd.
And, as discussed later, the Office of Technology
Assessment (OTA) believes these forecasted | ev-
els are likely to underestimate future transporta-
tion energy use, because they rely on optimistic
assumptions about improvement in vehicle effi-
ciency and growth in personal travel.

With current problems and expectations of con-
tinued growth in travel and energy use, Congress
has increasingly turned to transportation energy

*U.S. Congress, Office of Technology Assessment, Changing by Degrees: Steps To Reduce Greenhouse Gases, OTA-0-482 (Washington,

DC: U.S. Government Printing Office, February 1991), table 5-1.

38.C. Davis and S.G. Strang, Transportation Energy Data Book, ed. 13, ORNL-6743 (Oak Ridge, TN: Oak Ridge National Laboratory,

March 1993), table 2.8.

4 Total 1990 transportation oil products consumption was 21.8 1quadrillion British thermal units (Btus), versus domestic liquid production

(crude oil, lease condensate, and natural gas plant liquids) of 17.91 quadrillion Btus. Energy Information Administration, Annual Energy Out-
look 1993, DOE/EIA- 1383(93) (Washington, DC: January 1993), tables Gland G2.

*lbid., table A-8.

6A“quad” of energy, aside from being one quadrillion ( 10' 5, Buus, is equivalent to about one trillion cubic feet of natural gas, or about

one-twentieth of current annual U.S. natural gas consumption; about 170 million barrels of oil, or a bit more than (me-thirtieth of current U.S.
yearly oil consumption; about 40 million short tons of coal (coal energy content is variable, so this is a rough approximation ), or about one-twen-
tieth of U.S. yearly coal consumption. In 1990, u.s energy consumption was about 85 quads.



conservation—in the form of improvementsin the
technical efficiency of travel, increases in load
factors, reductions in travel demand, shifting to al-
ternative fuels, and shifts to more efficient travel
modes—as an important policy goal. For exam-
ple, the Clean Air Amendments of 1990 incorpo-
rate transportation demand management as a crit-
ical tool in reducing urban air pollution.
ISTEA—the Intermodal Surface Transportation
Efficiency Act of 1991—allows States to shift
highway funds to transit, promotes new high-
speed ground transportation systems, and general -
ly establishes energy efficiency as a mgjor goa of
new transportation investment. EPACT—the En-
ergy Policy Act of 1992-establishes fleet re-
quirements and a series of economic incentives to
promote the use of nonpetroleum alternative
fuels. Legislation proposed (but not passed) in the
102d Congress sought rigorous new automobile
and light truck fuel economy standards. With con-
tinued increasesin U.S. oil imports, urban traffic
congestion, and greenhouse gas emissions, and
the failure of many urban areas to meet air quality
standards, strong congressional interest in new
energy conservation initiatives is likely to contin-
ue.

B Varying Perspectives on the Nature of

the Problem and on Potential Solutions
Although policy makers and the transportation
community may agree that transportation energy
conservation is a worthwhile goal in the abstract,
severe disagreements exist about the urgency of
the problems that conservation measures can
serve to address and the efficacy of conservation
aternatives.

Disagreement begins with two very different
perspectives about transportation itself:

1. Transportation, and especially automobile-
dominated transport, is a primary source of so-
cial and environmental ills such as air pollu-

Summary |3

tion, loss of ecosystems, greenhouse emissions,
loss of life and limb, and noise pollution.

2. Transportation is a key to economic progress
and to social, cultural, and recreational oppor-
tunity.

Since both perspectives are valid, both should
be considered in seeking a balanced approach to
policymaking. Many transportation stakeholders,
however, lean heavily toward one perspective or
the other. Those leaning toward the first tend to fo-
cus on the need to reduce and restrict travel, shift
travelersto less harmful modes, and enact strong
environmental safeguards; those leaning toward
the second focus on the need to increase access to
travel and to make traveling easier and more effi-
cient. Thus, in terms of these two perspectives,
some of the key features of U.S. transportation—
the highest level of personal travel in the world
( 13,500 miles per person per year) and the most
vehicles per person in the world (nearly six autos
or light trucks for every 10 persons, and two ve-
hicles per household)—appear as signs either of
the profligacy of the U.S. system or of its superior-
ity. Such varying perspectives about the success of
the American system in turn lead to very different
perspectives about the need for changing that sys-
tem, with one tending toward substantive change
and the other toward fine-tuning.

That transportation is not an end in itself, but a
means to attain access to economic and personal
opportunity, may aggravate the differences in per-
spective. The concept of access to a variety of op-
portunities is easy to grasp but difficult to mea-
sure, so transportation services are generaly
measured simply in miles traveled or trips made.
Thus, there is a danger that a traveler who must
commute several hours to work will be judged in
some analyses to have obtained more value from
transportation services than another who walks 20
minutes to work. Also, those judging proposed
changes in transportation policy must distinguish

7 Transportation demand management (TDM ) measures seek to reduce traffic volumes (or shift some traffic toless congested times or

routes), especially during peak travel hours, by increasing vehicle occupancy, encouraging modal shifts, and other means.
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carefully between changes that reduce travel and
access to opportunity, and those that reduce travel
but bring opportunity closer.

Three mgjor problems are driving most trans-
portation energy conservation initiatives—air
pollution (especialy urban), energy security, and
greenhouse warming. Different views about the
urgency of these problems in turn lead to different
perspectives about the types of tradeoffs worth
making to achieve lower energy use. There ap-
pears to be a consensus that urban air pollutionisa
critical national problem, and clear support exists
for strong corrective measures. There is a modest
level of agreement about the importance of rising
oil imports as a national security and bal ance-of-
trade problem, with levels of concern ranging
from moderate to substantial and limited support
for corrective measures. Agreement is lacking
about the urgency of reducing greenhouse emis-
sions to slow down potential warming: environ-
mental groups urge strong action, whereas much
of the business community urges that no action be
taken until more is known.

Another potential disagreement about the na-
ture of problems facing the transportation system
could further polarize policymaking. The Federa
Highway Administration (FHWA) projects large
increases in urban and suburban traffic conges-
tion, which implies that strong policy measures—
including severe demand management and large
shifts to alternate modes—will be needed to main-
tain acceptable levels of urban mability. A small
group of critics, however, claims that the FHWA
projections are grossly in error, and that growth in
congestion will be kept in check by changes in
travel behavior and land use. These views, of
course, yield a very different set of transportation
policy priorities.

Another disagreement about the need for
changes in transportation policy focuses on the
extent to which prices for U.S. travel accurately
reflect the true marginal costs to society of such
travel. Many analysts believe that a combination
of “externalities” (consequences such as air pollu-
tion that travelers do not pay for or take into ac-
count in their decisions) and inefficiently priced
inputs (services such as parking, with hidden, sub-

sidized, or inaccurate prices) yields an overall cost
of travel that istoo low and thus results in exces-
sive travel. Other analysts conclude that the value
of externalities and unpriced inputs is small
compared with the prices paid openly by travelers,
so that "correcting” prices would not result in
large changes in travel behavior. These analysts
hold that there is not much excess travel in the
United States.

Finally, not surprisingly, there are major dis-
agreements about the efficacy of virtually al con-
servation measures. For example:

= Proponents of increased mass transit foresee it
as playing amajor role in energy conservation
and the revitalization of U.S. cities. Skeptics
view it as basically irrelevant to most travel,
having only a small role to play (mobility for
disadvantaged populations, a major genera
rolein afew of America s older, high-density
urban cores) given the auto-oriented U.S. land
use patterns and offering little if any benefitsin
energy efficiency.

= Proponents of stronger fuel economy standards
believe that there are inexpensive ways to
achieve large improvements in auto fuel econo-
my, and view standard setting as a proven suc-
cess in forcing these improvements. Opponents
see little opportunity for more than slow, incre-
mental growth in fuel economy, and view stan-
dards as an antimarket, inefficient method of
achieving the small improvements that are
available.

= Proponents of higher gasoline taxes view them
as proven revenue raisers, which offer im-
proved economic efficiency by capturing “ex-
terndities’ and inefficiently priced transporta-
tion inputs, and allow significant energy
savings. Opponents view them as harmful to
the U.S. economy, and as offering no economic
efficiency benefits and limited energy savings
benefits, given the unresponsiveness of travel
demand and technical efficiency to gasoline
price.

A unifying feature of these policy argumentsisa
difference of views about the importance of
policy-dependent factors versus policy-indepen-



dent factors in shaping travel patterns. If history
(including the history of technology), geography,
income, and demographics are the primary deter-
minants of travel patterns, policy may play only a
minor role in changing energy use; but if fuel
taxes, urban planning, parking policies, and other
instruments of public policy are primary travel de-
terminants, there is alarge potentia for policy to
reduce U.S. energy use.

Although much of the disagreement about
transportation policy stems from differences in
values and philosophy, including different views
about the role of government in markets, a signifi-
cant portion stems from the lack of adequate re-
search and data in several crucial areas."These in-
clude:

- the relationship among travel behavior and
demographics, urban design, and transporta-
tion system characteristics (e.g., the extent to
which new transportation facilities can be used
as part of an integrated effort to shift land use
patterns and travel behavior);

- the magnitude of transportation e ’externali-
ties,” or costs that are not accounted for or
borne by transport users;

« identification and quantification of transport
benefits;, and

Summary 5

= the measurement of “accessibility,” which is
the primary goal that personal transportation
attempts to satisfy.

A SNAPSHOT OF THE U.S.
TRANSPORTATION SYSTEM
AND ITS ENERGY USE

0 Passenger Travel

The transportation system in the United States
provides U.S. residents with the highest level of
personal mobility—in terms of trips made and
miles traveled—in the world. The United States
has the greatest number of automaobiles per capi-
ta--0.575 in 1989—in the world,’1.07 vehicles
per licensed driver and 1.92 vehicles per house-
hold. The average adult with a driver’s license
travels 30 miles per day of local, personal travel,
and even adults without licenses manage to travel
10 miles per day.  In 1990, the average U.S. resi-
dent traveled well over 13,000 miles. *

U.S. passenger travel is dominated by the auto-
mobile and the highway system. In 1990, about 86
percent of passenger-miles were auto (and person-
al light truck) miles, and over 10 of the remaining
14 percent were air miles; buses and trains pro-
vided only 4 percent of passenger-miles.”

°A recent report by the Transportation Research Board (TRB) identifies critical research needs in transportation, land use, and air quality;
TRB, Transportation Research Circular 389: Environmental Research Needs in Transportation (Washington, DC: National Research Council.

March 1992).

9 §.C. Davis and M.D. Morris, Transportation Energy Data Book, ed. 12, ORNL-67 10 (Oak Ridge, TN: Oak Ridge National Laboratory,

March 1992), table I-3.

101bid., table 4-1 Note that “vehicles” includes trucks and buses.

11 A.T.Reno, “Personal Mobility in the United States, " A Look Ahead-Year 2020, Transportation Research Board Special Report 220

(Washington, DC. Transportation Research Board, 1988).

12 Data obtained from L Schipper and N.Kiang, International Energy Studies, Lawrence Berkeley Laboratory, in advance ©f Publication *

the Transportation Energy Data Bwk, ed. 14 (Oak Ridge, TN: Oak Ridge National Laboratory, forthcoming).

13 |bid.
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The U.S. highway system consists of about 3.8
million miles of roadway, including 44,000 miles
in the Interstate System.”* The system also in-
cludes nearly 577,000 bridges.” Much of thisin-
frastructure—more than 10 percent of the Na
tion’s roads and nearly 42 percent of its
bridges—is considered deficient.

The U.S. mass transit system consists of a wide
array of regional and municipal systems, includ-
ing buses, light rail, commuter rail, trolleys, and
subways, as well as an array of vehicles providing
“paratransit” services--dial-a-ride, van pooals,
subsidized taxis, and shared rides in minibuses or
vans. Most cities of 20,000 or higher population
have bus systems, and buses on established routes
with set schedules account for more than half of all

Low-density suburban development creates travel patterns
that are not easily served by transit.

public transit passenger trips. However, about 70
percent of all such tripswerein the 10 cities with
rapid rail systems, with 35 percent of transit pas-
sengers and 41 percent of transit passenger-miles
in New York City and its suburbs.*®

The highway and public transportation systems
in U.S. cities are shaped largely by the need to of-
fer capacity to satisfy peak traffic periods. These
peaks now are no longer dominated by worktrips,
although these trips still account for 37 percent of
peak person-trips. “And although the pattern of
workers living in surrounding areas and commut-
ing to the central business district (CBD) may
once have been dominant, in 1980 the CBDs
employed only 9 percent of the workersin their to-
tal urban areas and only 3 percent of workersliv-
ing outside the central city.” In other words, peak
trips in general, and work trips in particular, are
now quite diffuse in origin and destination and
thus not easily served by transit. One reason for
this travel pattern is that urban development in the
United States is characterized by an “undifferen-
tiated mixture of land uses and a broad plateau of
population density. . other central places scat-
tered over the urban landscape challenge the pri-
macy of the historic CBD.”*

Although the automobile continues to domi-
nate U.S. travel, autos face strong competition
from commercial aircraft for trips of a few
hundred miles or longer. As noted above, air trans-
portation has now captured about 10 percent of the

14U.S. Congress, Office Of Technology” Assessment, Deli\‘ering the Goods: Public Works Technologies, Management, and Finance, OTA-

SET-477 (Washington, DC: U.S. Government Printing Office, April 1991 ), based on Department of Transportation data.

15Routes that connect principal metropol i(an areas, serve (he national defense, or connect with routes of continental importance in Mexico

or Canada.
16 Office of Technology Assessment, op. Cit., footnote 14.
17 Ibid.
13 bid

19H W Richardson 3nd P. Gordon, University of Southem California, e\, pata and Old Models in Urban Economics,” preliminary draft,
December 1992, table 3. Peak periods arefrom 6to 9 a.m. and 4to 7 p.m. The precise character of changes in trip purposes is made uncertain by
the manner in which trip purpose data are collected, Aworktrip interrupted by astopto run an errand would becounted as a shorter worktrip and
another trip. Becausetrip “chaining” of thissort has increased, some of the shift away from worktrips may be an artifact of the data rather than an

actual shift.

201.S. Lowry, “Planning for Urban Sprawl, “ in A Look Ahead-Year 2020, op. cit., footnote | I.

2 pid.



total passenger-miles traveled and is the most rap-
idly growing segment of the U.S. transportation
system, with passenger-miles growing more than
7 percent a year in the 1980s.”

The U.S. air travel system is quite centralized:
There are more than 17,000 airports in the United
States, but the top 100 handle 95 percent of al pas-
senger trips, and the 10 largest serve 40 percent of
all passenger trips. This is due primarily to wide-
spread use by the major air carriers of "hub-and-
spoke” routes.” The major airports experience
substantial capacity problems and resulting de-
lays--conditions that waste significant amounts
of fuel by idling aircraft on runways and keeping
arriving planes in holding patterns. Of the 25 air-
ports with the most delays, Chicago’s O'Hare
ranks first, with total delays exceeding 100,000
airplane-hours per year; two airports have annua
delays between 75,000 and 100,000 hours; two
more have annua delays between 50,000 and
75,000 hours; and the remainder are between
20,000 and 50,000 hours.*

1 Freight Movement

The U.S. freight system moves about 3.2 trillion
ton-miles of freight per year.* Trains and trucks
each carry about 30 percent of this, barges about
25 percent, oil pipelines 16 percent, and air less
than 1 percent. Trucks are the dominant transport
mode for nonbulk cargo, such as mail, processed
foods, and consumer goods. Truck types and car-
go are extremely varied, with light trucks used pri-
marily for short-distance urban and suburban de-
livery and for carrying craftsman’s equipment,
and heavy trucks hauling mixed cargo, processed
foods, and building materials. Trains, on the other
hand, carry primarily bulk products, which the
United States ships in large quantities over very
long distances. Key products moved by train in-

22 pid.
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elude coal, farm products, and chemicals. An in-
creasing fraction of train movement-now more
than one-quarter—is in the form of trailers or con-
tainers (i.e., intermodal shipments involving both
train and another freight mode, e.g., truck or
barge), typically carrying manufactured or inter-
mediate goods.

TRANSPORTATION ENERGY USE AND
POTENTIAL FOR CONSERVATION

Figure 1 provides a broad overview of where ener-
gy is being used in the U.S. transport system. The
figure illustrates that light-duty vehicles—auto-
mobiles, pickup trucks, utility vehicles. and
vans—account for more than half of al U.S. trans-
portation energy consumption. These vehicles are
used predominantly for passenger travel. Air-
planes, also used predominantly for passenger

FIGURE 1: Transportation Energy Use in 1990
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SOURCE Energy Information Adm:mistration data

23 J.F. Hombeck, Transportation Infras\idi[ ture: Economic and Policy Issues, 92-158E (Washington, DC. Congressional Research Service.

Feb. |1, 1992).
24 Office of Technology Assessment, op. cit., footnote 14.

25 Davis and Strang, op. cit.. footnote 3, p. 2-25.
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travel, account for 14 percent of U.S. transporta-
tion energy use. These two components of passen-
ger travel thus represent a tempting target for ener-
gy conservation measures.

Freight trucks are the second largest consumer
of transportation energy, accounting for nearly 23
percent of the total U.S. use. Freight truck energy
use is expected to grow substantially during the
next two decades and thus should also be an im-
portant focus for energy conservation. Other
freight modes-pipelines, shipping, and rail
(most rail energy is freight energy)—are al im-
portant, and rail may represent an opportunity to
attract freight from trucking, with subsequent en-
ergy savings, but they are clearly of lesser signifi-
cance than trucks for national energy savings.

U.S. TRANSPORTATION ENERGY
CONSUMPTION: WHERE IS IT HEADING?
EIA’s Annual Energy Outlook 1993 (AEQ93) pro-
vides a detailed picture of future U.S. energy sup-
ply and demand, and transportation energy con-
sumption in particular. The forecasts of trans-
portation energy consumption depend on a number
of critica factors and assumptions, including:

FIGURE 2: Expected Growth in
U.S. Transport Energy
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26 Energy Information Administration, 1991, op.cit.. footnote 4.

- assumptions about future oil prices;

- assumptions about important demographic and
socioeconomic trends, for example, the nature
of women’'s evolving role in the workplace and
how this will affect their driving patterns, and
future rates of immigration;

- future progress in automobile and light-truck
fuel economy;

« the market success of alternative fuels; and

- overal and sectora growth rate of the economy.

ElIA’s baseline forecast accepts mainstream
ideas about oil prices and economic growth: that a
combination of plentiful oil supply, gradualy in-
creasing world demand, and Saudi restraint will
maintain prices in the $20 per barrel (bbl) range
for a few years and then gradually push prices up-
ward, to $29/bbl ( 1991 dollars) by 201 O; and that
slower growth in the U.S. labor force for the next
few decades (a projected rate of about 1 percent
per year versus 2.1 percent annually in 1970-90)
will restrain the growth in real output of goods and
services, but that the U.S. economy will remain
sufficiently competitive in world markets to keep
growing at the moderate rate of 2.0 percent per
year.”

The forecast projects steady but moderate
growth in transportation energy use: 1.26 percent
per year, yielding a 28.5-percent increase from
1990 to 2010—the 1990 level of 22.50 quads
(10.8 mmbd) increases to 28.93 quads (13.9
mmbd) by 2010 (figure 2).

EIA has formulated alternative forecasts based
primarily on different economic assumptions. Al-
ternative price scenarios reflect, on the low side, a
combination of more conservation than expected,
significant competition among Organization of
Petroleum Exporting Countries (OPEC) members
to expand production capacity, and high non-
OPEC production and on the high side, more
global economic growth and less conservation
than expected, which boosts world oil demand, as
well as a decreasing supply. Alternative economic
growth scenarios reflect differing assumptions



about the rate of labor force growth and product i v-
ity. As noted earlier, these scenarios introduce a
range of transportation energy projections for year
2010 of 26.86t031.00 quads ( 12.9 to 14.9 mmbd)
versus the 28.93 quads/ 13.9 mmbd basg] inc.

The uneven history of energy forecasting de-
mands that EIA forecasts, and all others, be
viewed with some skepticism. Over the past few
decades, sharp changes in both energy demand
and supply characteristics-especially the for-
mer—have caused actual national energy trends to
diverge sharply from widely accepted forecasts.
For example, during the 1970s, forecasts of future
electricity demand were revised downward so
often that a simultaneous plotting of forecasts
made in consecutive years described a wide fan,
with the top of the fan representing the earliest
forecast and the bottom, the latest.

Absent important new Federal policy mea
sures—many of which are the province of Con-
gress—severa factors may increase the likeli-
hood that actual transportation energy use in2010
will diverge substantially from EIA forecasts. Po-
tential sources of divergence include: sharp
changes in urban travel behavior (e. g.. more car-
pooling and telecommuting), initiated by Trans-
portation Control Measures under the Clean Air
Act; major success of adternative fuels spurred by
fleet purchases mandated by the Energy Policy
Act, Californias low-emission and zero-emission
vehicle requirements, and technological break-
throughs; large increases in mass transit usage
courtesy of State initiatives supported by ISTEA:
breakthroughs in automotive technology, together
with large shifts in market conditions: and contin-
uation of recent trends in vehicle-miles traveled
(i.e., high rates of grow(h) and energy efficiency
(i.e., stagnation), in contrast to EIA’s more opti-
mistic assumptions.

Some potential sources of divergence (e.g., un-
foreseen success of Transportation Control Mea-
sures) imply that the EIA forecasts of transporta-
tion energy growth could be too high. The most
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likely sources, however, imply the opposite. The
most likely sources of forecasting error are as-
sumptions about growth rates of travel and effi-
ciency. EIA has consistently chosen growth rates
of travel that are lower, and efficiency increases
that are higher, than recent historic rates. For ex-
ample:

» Light-duty vehicle-miles traveled (vmt ) grew at
rates well over 3 percent per year during the
1980s, compared with EIA’s assumed
1990-2010 rate of 1.7 percent annually. The
history of light-duty vmt growth during the
past four or five decades has been one of seem-
ingly inexorable growth, despite expectations
to the contrary.

» New car fuel economy has fallen since 1987.
compared with EIA’s assumed 1990-2010 in-
crease of 1.1 percent per year. Low oil prices
and consumer preferences for luxury, perfor-
mance, and size are pushing the market away
from fuel economy gains.

- Air travel grew at a better than 7 percent per year
pace in the 1980s, compared with EIA’s as-
sumed 1990-2010 pace of 3.9 percent per year.

= All categories of freight trucks had mileage in-
creases well above 3 percent per year (com-
bination trucks' mileage grew at 4.7 percent per
year from 1982 to 1990), compared with EIA’s
assumed 1990-2010 annual rate of 1.9 percent
per year.

In OTA’s view, without substantial policy inter-
vention (excluded in the projections), future rates
of travel are quite likely to be higher and effi-
ciency lower than EIA projects, with a resulting
greater increase in transportation energy use than
the projected levels. There is room for technologi-
cal breakthroughsin engines and other aspects of
vehicle design to make some difference (e.g., in
energy savings) in the 2010 time frame, but thisis
less probable than the potential for significant di-
versions from the forecasts in travel and efficiency
growth rates, toward higher energy use. There ap-

2TOTA agrees, however, that growth rates for light-duty vt will fall somewhat below recent rates. primarily because of the likely slower

growth in the number of adults of driving age.
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pears little likelihood (again, without substantial
policy intervention) that shifts to mass transit,
other important changes in travel behavior, or
market breakthroughs in aternative fuels will
cause major changes (beyond those already in-
cluded in the forecasts) in transportation energy
use by 2010.

IS THE U.S. TRANSPORTATION SYSTEM
ENERGY-EFFICIENT? A COMPARISON
WITH EUROPE
Decisions to initiate pro-conservation policies
would be served by a determinant ion about whether
the current U.S. transportation system is particu-
larly inefficient in terms of energy use, as sug-
gested by some, or whether it is relatively effi-
cient. Some anaysts and policy makers have
compared U.S. energy use in general, and that
used for transportation, with energy use in other
developed nations, particular y Japan and Western
Europe. Typicaly, these comparisons are de-
scribed as demonstrations of U.S. energy ineffi-
ciency, because Japan and Western Europe use
considerably less energy per capitain most sec-
tors. As noted above, the average U.S. citizen uses
about five times as much transportation energy as
the average Japanese, and about three times as
much as citizens of Great Britain, West Germany,
and France. An examination of comparative ener-
gy use in the United States and Western Europe
demonstrates that the disparity in per capita con-
sumption is caused by a variety of factors, some
of which clearly are related to differences in effi-
ciency, but some of which have little to do with ef-
ficiency or are only vaguely connected to it. The
discussion here does not address the critical ques-
tion of comparative access to recreational, socid,
cultural, and employment opportunities, nor can
the relative roles of government policies and other
influences in shaping transportation energy use be
separated definitively.

The mgjor reason for the difference between
U.S. and European transportation energy useisa

28 Schipper and Kiang, op. cit.. footnote 12.

difference in travel volume: on average, Euro-
peans travel only about half as much (in miles per
capita per year) as Americans.** This one factor
accounts for half of the total differencein energy
use. The causes of the difference are multiple and
difficult to unscramble: higher cost of travel;
much denser land use in Europe—in urban areas,
in suburbs, and overall (which may be due in part
to higher travel costs, but aso is the result of dif-
ferent cultural histories, lower availability of land,
stricter land use controls); differences in socioeco-
nomic factors affecting travel (e.g., women par-
ticipation in the workforce, household size, will-
ingness of workers to relocate far from their
families); differences in lifestyle; and so forth.
Another reason may be timing: Europe began its
shift to “automobility” later than the United
States and, despite now having per capita incomes
equal to or greater than U.S. levels, is till catch-
ing up in auto ownership. Part of the difference in
travel volume may translate into greater accessi-
bility to economic, cultural, and recreational op-
portunities for U.S. citizens, but OTA is not aware
of any evidence to support this; the existence of
such a difference in accessihility, especialy in ur-
ban aress, is debatable because European popula-
tion densities and prevalence of mixed-use devel-
opment make access to work, recreation, and other
destinations closer at hand; because much Euro-
pean urban travel is by walking and bicycling
(which tend to be overlooked in statistical analy-
ses); and because accessibility is a subjective, cul-
ture-laden term. European land use patterns will
be described as “more efficient” than U.S. pat-
terns by some, but thistoo is highly subjective.
The other half of the energy difference is ac-
counted for by differences in the proportions of
various travel modes used (modal shares), load
factors, and vehicle efficiency. As a fraction of
their total travel, Americans travel somewhat
more in private autos, and far more in energy-in-
tensive airplanes, than do Europeans, who make
far greater use of buses and trains. Mass transit has



about a 15 percent modal share—measured as a
percentage of passenger-miles—in Europe versus
about 3 percent in the United States.” And Euro-
pean automobile fleets are more efficient than the
U.S. fleet, partly because Americans purchase
large numbers of light trucks for personal travel
use, and partly because American automobiles are
larger than their European counterparts. These dif-
ferences are lessening, however, as are the differ-
ences in per capita travel: the rates of growth of
travel and auto ownership are much higher in Eu-
rope than in the United States; U.S. auto fleet effi-
ciency is catching up to most European fleets; and
mass transit modal shares—although not absolute
levels of ridership--are shrinking in most of Eu-
rope.

Unlike persona travel, European freight trans-
portation is not more energy-efficient than its U.S.
counterpart, though its volume in ton-miles in
proportion to total economic activity is much low-
er than in the United States. The types of goods
transported and the physical conditions differ suf-
ficiently from those in the United States that there
seem to be few lessons easily extracted from a
comparison of the two systems.

The available statistical comparisons between
Europe and the United States alow only tentative
conclusions. They do demonstrate clear] y that the
substantial differ ence.s between European and
U.S. transportation energy use patterns are
associated largely with different levels of travel;
about half of the difference in per capita energy
use is due to differences in energy efficiency, at
least in terms of common perceptions of what effi-
ciency is. On the other hand, Europe's faster rates
of growth in travel demand should not be inter-
preted as meaning that European transportation is
simply at an earlier stage of automobile domi-
nance than the United States and destined to
“catch up” to U.S. energy consumption levels. Al-
though there will be some continued convergence
between the two, European levels of per capita
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High European population densities and prevalence of
mixed-use development reduce the need for long trips to
access work, recreation, and cultural opportunities

travel and energy consumption should continue
significantly below those of the United States be-
cause of a combination of different geography and
urban histories; European gasoline prices that
are three to four times higher than pricesin the
United States; different policies regarding land
use controls, parking availability, automobile re-
strictions, and other factors that affect travel; Eu-
rope’'s reasonably robust mass transit systems;
and cultural and socioeconomic differences.
Could the United States, if it chose, match Eu-
ropean levels of transportation energy use? Fuel
price and other policy differences between the
United States and Europe can be made to disap-
pear by legislative will, and future U.S. movesto
raise fuel prices, enact land use controls that in-
crease urban densities, restrict parking, and so
forth would move U.S. transportation energy use
in the direction of European levels. However,
some or al of these policy changes may not be
politically acceptable: they would not affect al of
the factors that make European energy use lower
than U.S. levels, and some resulting changes in
energy use, especially those associated with land
use, would come quite slowly, over many de-

291, Schipper et al., Energy Efficiency and Human Activity: Past Trends, Future Prospects (Cambridge, England: Cambridge University

Press, 1992).
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cades. The remainder of this discussion examines
the incentives for and potential of U.S. govern-
ment intervention in transportation.

WHY INTERVENE IN THE
TRANSPORTATION SYSTEM?

As noted above, avariety of problems and issues
are driving U.S. transportation policymaking, and
perceptions of the importance of these problems
and issues will be a key determinant of future
policy decisions.

B Economic Efficiency, Externalities,
and Unpriced Inputs

To the extent that travelers do not pay for, or do not
account for, the full costs of their travel, they will
overuse it. Travelers do not pay the full price of the
air pollution and congestion they cause, the im-
pacts on national security of the oil they consume,
(a portion of) the costs of the injuries and fatalities
they cause in auto accidents, and so forth. They in-
directly pay for, but do not account for in their
travel decisions, the costs of parking in the shop-
ping malls they patronize (these costs are em-
bedded in the price of the goods being sold). Simi-
larly, they may indirectly pay (in the form of lower
salaries) but not account for most parking costs at
workplaces. They pay and/or take into account
only a portion of the costs of building and main-
taining roads, because some of this cost is met
from general funds, not user fees. And they pay
and account for some services inefficiently: gaso-
line taxes that pay for roadbuilding are only indi-
rectly related to actual road reguirements.

In this study, OTA asked Mark DelL uchi of the
University of California at Davis to prepare esti-
mates of the social costs of motor vehicle travel,
separating private, efficient] y paid costs from ex-

terna costs, hidden private costs, and inefficient y
priced costs.30 These estimates indicate that
approximately two-thirds to four-fifths of the
total monetary costs of motor vehicle use™are
efficiently priced, that is, paid for entirely by
motor vehicle users, considered in their travel
decisions, and priced at marginal coststo soci-
ety. Based on some preliminary estimates of the
dollar value of external costs, motor vehicle us-
ers efficiently paid for about one-half to two-
thirds of the social (public plus private) costs of
motor vehicle use, both monetary and nonmo-
netary, excluding the value of time.

These estimates represent a long-term view of
costs and their effects on behavior; that is, they
make no distinction between costs that must be
paid only occasionaly (e.g., vehicle purchase
price, insurance premiums) and those that are in-
curred frequently (e.g., fuel costs, air pollution
damages). Some analysts prefer to focus on fre-
guently incurred costs because they believe that
these have a more powerful impact on travel be-
havior. Because many of the private, efficiently
paid costs are paid infrequently, and most externa-
lities and hidden or inefficiently priced costs are
incurred daily or at least frequently, an anaysis of
frequently incurred costs would yield a lower ratio
of efficiently priced costs to total societal costs.
Which perspective—a focus on total costs or only
on those costs incurred frequently—is more “cor-
rect,” however, is not a settled issue.

These conclusions imply that there is some sig-
nificant opportunity for improving the economic
efficiency of motor vehicle travel by incorporat-
ing external costs, hidden private costs, and ineffi-
ciently priced private costs into the price paid by
travelers. However, there are four important ca-
veats:

UM.A. DeLuchi, University of California at Davis, “The Annualized Social Costs of Motor Vehicle Use Based on 1990-1991 Data,” OTA
contractor report, April 1994, Other studies of motor vehicle use are discussed in MLE. Hanson, Results of Literature Survey and Summary of
Findings: The Nature and Magnitude of Social Costs of Urban Roadway Use, for Federal Highway Administration, U.S. Department of Trans-
portation, 1992, OTA will soon publish a study reviewing different estimates of the environmental externalities of electricity generation.

Y Including the cost of free parking and the monopsony cost of importing ol (the portion of oil consumption costs attributable to the effect

that LS. il imports have on world oil prices), but excluding the costs of air pollution, travel time, and other nonmonetary costs.



1. Considerable uncertainty remains about both
the magnitude and the appropriate monetary
value of severa external costs.

2. Measures to incorporate these costs must care-
fully match the pricing mechanism (gas tax,
road pricing, etc. ) to the patterns with which the
costs are incurred and should avoid high imple-
mentation costs. If this cannot be done, it may
sometimes be better to leave the costs unpaid
by users.

3. Attempting to charge full social costs only in
the motor vehicle sector ignores the redlity that
all economic activities have hidden, ineffi-
ciently priced, and external costs. Although
there are reasons to believe that these represent
a higher percentage of motor vehicle costs than
of the costs for other activities, failure to apply
full social cost accounting to other activities
may reduce the economic efficiency benefits
that would otherwise result from correcting
transport pricing.

4. There may be external benefits as well as costs
associated with motor vehicle travel that, ideal-
ly, would be incorporated in a “full social cost”
accounting. Little research has been done on
external benefits, but this does not mean that
they are negligible.

§ Congestion

As noted, FHWA and others have projected large
increases in traffic congestion for the coming de-
cades, with delay costs soaring to tens of hillions
of dollars and average vehicle speeds dropping ca-
lamitously in many urban areas. For example,
FHWA has projected a 450 percent increase in
annua delay times from 1984 to 2005, from
dlightly more than 1 billion hours to nearly 7 bil-
lion hours. And local studies project that Los An-
geles freeway speeds will drop to 11 miles per
hour (mph) by 2010, from their present 31 mph.
Skeptics of these estimates have attacked them at
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least in part on the basis of survey results showing
that average U.S. commuting times remained es-
sentially unchanged during the 1980s, a seeming-
ly odd result if congestion has grown as much as
estimated. Increases in reported average freeway
speeds also appear at odds with estimated in-
creases in congestion.

Rush-hour traffic in the Virginia suburbs of Washington, DC,
represents a familiar pattern that is spreading geographically
to more cities and suburbs, and, temporally to a greater
number of hours per day

OTA’s evaluation of the available data indicates
that it is possible that both the estimates of grow-
ing congestion and some of the apparently contra-
dictory travel and highway speed data may both be
right.*However, there is another reason to be
concerned about the accuracy of the congestion
estimates—they are based on traffic counts rather
than on measurements of actual speed declines
and travel delays, an indirect method that invites
inaccuracy. And the dire projections of future con-
gestion costs also invite skepticism because they
take no account of shifts in job and residentia
locations or of changes in travel behavior (al-
though these have been important factors in the
past), and they assume that rising travel time costs
will have no negative effect on the growth in traf-
fic volume. In other words, these projections ap-

32 This 1s primarily because congestic delays still represent a relativ ely smali portion of total highway travel. Consequently, adverse effects

of congestionon highway speeds and traveltimes could be offset by factors such as increased hi ghway speeds during uncongested periods and

shifts in commuting patterns.
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pear to be worst-case extrapolations rather than
“most likely case” estimates.

OPTIONS FOR REDUCING
TRANSPORTATION ENERGY USE

The options available to policy makers to pursue
transportation energy conservation activities in-
clude:

1. economic incentives--direct taxes, granting or
eliminating tax breaks, subsidies, granting of
regulatory exemptions, making pricing more
efficient;

2. public investment--in new infrastructure (in-
cluding new types of systems and services, e.g.,
mass transit), maintenance and rehabilitation
of old transportation infrastructure, expansion
of service, urban development, research and
development; and

3. regulatoryincentives-efficiency  standards,
zoning, fuel use regquirements, speed limits, in-
spection and maintenance requirements, and
travel restrictions.

Some of the main thrusts of transportation en-
ergy conservation policy are discussed here, from
raising gasoline taxes to increasing the use of
mass transit.

B Gasoline Taxes

Raising taxes on gasoline is often viewed as both
a means to raise revenue and an energy conserva-
tion measure. Higher gasoline prices serve as an
incentive to purchase more efficient cars and light
trucks and to change travel behavior-toward car-
pooling, transit, and reduced tripmaking.

For every 1 percent increase in the price of gas-
oline, the number of vehicle-miles traveled is ex-
pected to decline by 0.1 to 0.25 percent;” new car
fuel economy may also respond by increasing a

small amount,” unless fuel economy standards
are aready forcing fleet miles per gallon (mpg)
higher than the market would drive it. Current cor-
porate average fuel economy (CAFE) standards
do seem to be propping up fuel economy against a
market-induced drop. Consequently, small in-
creases in gasoline taxes maybe more likely to al-
low some automakers to stop subsidizing sales of
small cars (which they do to comply with the stan-
dards) than to actualy raise their CAFE levels.

Although there is a substantial range of views
about the effect of gasoline taxes on gasoline de-
mand and vehicle efficiency, the primary source of
controversy about such taxes is disagreement
about their impact on the deficit and on the econo-
my. This disagreement stems from three major
sources: failure to account for differences in the
actual scenarios being analyzed; anaytical uncer-
tainty introduced by the use of different models,
parameter choices, and baseline assumptions; and
differences in beliefs about the extent to which
gasoline is “underpriced” because of externalities
and unpriced economic inputs associated with
driving.

Any discussion of the impacts of a gasoline tax
must recognize that such atax, like any tax, acting
aone, will in the short term depress the overal
economy, increase unemployment, and reduce
gross national product (GNP); after severa years,
these effects die out. Although there are multiple
pathways for these effects, the primary paths in-
clude the reduction in gasoline demand and de-
mand for new cars, which cuts jobs and income,
and the reduction in aftertax income for people
who must buy gasoline, which reduces their de-
mand for most goods and services. These impacts
then reverberate throughout the economy.

Gasoline taxes provide revenue, however, and
the use to which this revenue is put makes a criti-

3 35¢¢ C.A. Dahl, "Gasoline Demand SUN €Y.« 740 Eperey Journal, vol. 7, No. 1, 1986, PP. 67-82.
M The elasticity of fueleconomy with respect to gasoline Price is highly uncertain, h'cause the large changes in fueleconomy during the

11)705 and carly1980s, w hich provide the best opportunity to obtain data for c‘;mpuling elasticities, occurred during a period when factors other

than current gasoline price probably played an important role in boosting fuel economy. In particular, CAFE standards had been passed and
avatlable forecasts predicted astronomical o1l prices. Al so, U.S. new car fueleconomy had declinedto wry lowlevels.so that the in itialim-

prov ements were easy to achieve.



cal difference in the overall economic impacts of
the taxes. This is why evaluation of gasoline tax
impacts must be linked to scenarios of how tax
revenues are used (e.g., reductions in other taxes,
additional expenditures, or deficit reduction; in
addition, the Federal Reserve System may accom-
modate tax changes with changes in monetary
policy, and these changes will strongly influence
overall economic impacts). For example, if reve-
nues from an increase in gasoline taxes were used
to reduce the tax rate on capital investments, the
net macroeconomic effect would likely be posi-
tive because taxes on investment are particularly
distorting to the economy. On the other hand, cou-
pling the tax to a reduction in persona income
taxes would likely yield a net negative impact be-
cause income taxes do not have large distortionary
effects on the economy.

Analytical uncertainty is introduced to esti-
mates of gasoline tax impacts by the use of alter-
native models. The Energy Modeling Forum at
Stanford University has conducted carefully con-
trolled evaluations of alternative model runs that
examine the same tax scenario. These evaluations
have uncovered large differences in predicted out-
comes among the alternative models.

The above factors influence evaluations of the
effects of a gasoline tax on quantifiable measures
of the health of the U.S. economy. Anocther indica-
tor of the health of the economy, one that cannot be
directly measured, is economic efficiency, which
is atheoretical concept of the “goodness’ of re-
source alocation in the economy. As discussed
earlier, the presence of externalities and unpriced
economic inputs associated with driving leads to
an underpricing of driving costs, and thus to more
driving and more gasoline use than would be eco-
nomical 1y efficient. To the extent that a new gaso-
line tax reduces this underpricing, it will add to the
efficiency of the economy; any further increase
beyond the point at which gasoline price matches
the marginal cost to society would reduce eco-
nomic efficiency.
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A gasoline tax is limited in its ability to com-
pensate efficiently for externalities and unpriced
inputs. It tracks well only with greenhouse warm-
ing and energy security costs. but quantification of
monetary equivalents for these two externdlities is
extremely uncertain. Other externalities and un-
priced inputs, such as congestion delays and un-
priced road services, can be addressed more effi-
ciently by means other than fuel taxes, for
example, variable congestion charges on roads.
According to the socia cost estimates prepared for
this study, inclusion of greenhouse warming”and
energy security costs into the cost of gasoline
would add approximately $0.15 to $0.80 per gal-
lon to current prices. Thus, if these estimates are
correct, additional gasoline taxes of up to
$.15/gallon and perhaps higher would improve
overal economic efficiency.

B Full Cost Accounting

Although gasoline taxes should be considered a
primary option for transportation energy con-
servation, they are also one component of a broad-
er option, full cost accounting of all transportation
modes. As discussed above, full cost accounting
attempts to maximize economic efficiency by re-
pricing transportation services so that travelers

Free parking at suburban malls and "super stores” represents
a partially hidden cost of motor vehicle travel Parking costs
must be “paid” in higher prices for goods but shoppers may
not account for these costs in their travel decisions

35 Global warming cost estimates should be considered particularly speculative.
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pay and account for the full margina costs to soci-
ety of the transport services they select. Such a
system would force travelers to take account of the
air pollution (and other environmental effects, and
negative impacts on society) that a trip would
cause; would force payment for all transport ser-
vices received (e.g., law enforcement); and would
move hidden payments, such as parking costs,
into the open so that travelers would account for
them.

There is little argument about the clear value of
full cost accounting in the abstract, but extensive
controversy about the practical aspects of such ac-
counting—the magnitude of externalities and un-
priced inputs; the monetary values that should be
placed on various externalities; the appropriate
methods for implementing required price changes;
and the likely impacts of price changes on travel
behavior.

As noted, gasoline taxes could serve well to
“internalize” the external costs associated with
energy security and greenhouse warming because
these effects vary with gasoline consumed, and
thus with gasoline taxes collected. A variety of op-
tions exist to incorporate other externalities, un-
priced inputs, and other ignored costs into the
transportation price structure. For example, con-
gestion pricing with electronic scanning of ve-
hicles can be used to internalize the externalities
associated with highway congestion. Parking
costs can be “charged” to commuters by requiring
firms to offer a cash option as an aternative to free
parking. The costs of currently subsidized ser-
vices—police and fire protection, for example,
and a portion of local roadbuilding--can be trans-
lated into travel charges, athough matching the
nature of the services to an appropriate collection
mechanism will be difficult. And the external
costs of accidents can be added to driving charges
by stricter requirements for insurance coverage or
by incorporating a portion of insurance costs into
fuel prices, vehicle registration fees, or other

charges, thereby decreasing the incidence of un-
compensated accident victims.

1 Automobile and Light-Truck Fuel
Economy Standards™

Because light-duty vehicles—automobiles and
light trucks---consume more than 50 percent of all
transportation energy and 70 percent of energy
from al motor vehicles, raising fuel economy
standards for new light-duty vehicles is an ob-
vious candidate for part of a national conservation
strategy. The earlier legislative debate on new
standards focused on a number of critical issues:
the effectiveness of a regulatory approach to in-
creasing fuel economy; achievable fuel economy
levels, the most effective format for a new stan-
dard; timing of implementation; potential adverse
effects on auto safety; effects on employment; and
the likely fuel use reductions that would occur if
standards are implemented. Each of these issues
has generated substantial controversy.

Arguments about the effectiveness of new stan-
dards tend to revolve around perceptions about the
actual impact of the 27.5-mpg standard (for auto-
mobiles only) set in 1975. Claims and counter-
claims have been made about whether the large
gainsin U.S. fleet fuel economy in the 1970s and
early 1980s37 were a response to the standard or to
changed market conditions. ‘*Proof” of either side
of the argument is elusive, but the sharply differ-
ent fuel economy trends of companies that were
either constrained or not constrained by the stan-
dards are persuasive that the past standard was a
critical factor in the fleet’ simprovement.

The range of estimates for an “achievable” lev-
el of fuel economy over the next decade or so has
been very wide, with domestic automakers argu-
ing that future gains will at best be small and incre-
mental, and conservation groups arguing that
gains of 40 to 50 percent over current levels are
readily achievable soon after the turn of the centu-

36 For more details, see U.S. Congress, Office of Technology Assessment, Improving Automobile Fuel Economy: New Standards, New Ap-
proaches, OTA-E-504 (Washington, DC: U.S. Government Printing Office, October 1991).
37U.S. new car fleet fuel economy rose from 17.2 mpg in 197610 27.9 mpg in 1986.



ry. OTA concluded in 1991 that U.S. new car fleet
fuel economy levels of about 33 mpg could likely
be achieved soon after the turn of the century, with
additional vehicle costs balanced by oil savings”
and few measurable safety consequences (no
downsizing would be necessary), but (probably)
some limits on performance. Fleet levels of about
35 or 36 mpg were projected to be achievable in
the same time frame with little technical risk and
no forced early retirement of model lines but with
costs that would not be recouped by fuel savings
alone. During the nearly 3 years since these esti-
mates were made, U.S. new car fleet fuel economy
has not improved, and average vehicle weight has
risen. Taking this into account, an updated esti-
mate would likely project potential attainment of
33 mpg (at full cost recovery) or 35 to 36 mpg
(cost recovery at $2 per gallon gasoline) by 2004
or 2005.”

The potentia for- light trucks is somewhat less
than for automobiles. Recent analysis of light-
truck fuel economy projects that the domestic
light-truck fleet could achieve about 23 mpg by
2005 with additional vehicle costs balanced by oil
savings, and about 26 mpg by the same date with
application of al available fuel economy technol-
ogies but no forced early retirements.”

Justification for the higher targets for both au-
tomobiles and light trucks would presumably be
based on a belief that further fuel savings will
yield added societal benefits in the form of lower
greenhouse emissions. national security benefits
from reduced oil imports (for the United States),
and environmental benefits from lower oil pro-
duction that are not incorporated in the price of ail.
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The above increases in fleet fuel economy are
based on application of well-known technologies
and designs. New technologies, not yet introduced
commercialy into the fleet, could begin to play a
significant role within the same time frame, The
potential for these technologies is discussed be-
low'.

If more stringent standards are to be imposed
on new automobiles and light trucks, lawmakers
will have to give serious consideration to the ap-
propriate format for new standards. The current
uniform 27.5-mpg standard for automobiles. ap-
plied separately to domestic and imported fleets
for each company, has created large marketplace
distortions by ignoring differences in the mix of
vehicles manufactured by each automaker and by
allowing gaming between domestic and imported
fleets.” In particular, the uniform standard offers
substantial market advantages to makers who
have focused on smaller cars (e.g.. the Japanese
automakers), by leaving these makers relatively
unconstrained. Lawmakers might consider stan-
dards that vary with the average attributes of each
automaker's fleet, so that each company’s fuel
economy target bears some relationship to the true
technical potential of the vehicles it manufactures.
Attributes such as interior volume, “footprint”
(wheelbase x track width). or even combinations
of weight, engine torque, and interior volume
might be appropriate candidates for such a stan-
dard. New standards for light trucks might deal
with different categories of trucks individually—
for example, basing standards for passenger vans
on interior volume and standards for pickup trucks
on load carrying capacity. Design of appropriate

3®If gasoline prices in year 2001 were $1.50 per gallon (1991 dollars). Otfice of Technology Assessment, op. cit.. footnote 6.

3 Full cost recovery would oceur if gasoline prices rose to $2 per gallon by 2001. In comparison, the National Research Council (NRC)

projected a “practically achievable level™ of 31 to 33 mpg for 2001 using similar assumptions; the most appropriate value for comparison to

OTA’s projection appears to be the lower value, NRC's “high confidence™ level.

“ Encrgy and Environmental Analysis, Inc., “Domestic Manufacturers Light Duty Truck Fuel Economy Potential to 2005, paper prepared

for Oak Ridge National Laboratory, July 1993.

*I For example, by shifting the manufacturing location of a few parts, automakers have changed vehicle designations from “import™ to

“domestic™ or vice versa when this would ease their compliance requirements.
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standards for the light-truck fleet will be a specia
challenge for regulators.

A centerpiece of recent congressional debates
about new fuel economy standards has been con-
cern about effects on vehicle safety, with the chief
concern being the potential for forced downsizing
of vehicles and an accompanying increase in inju-
ries and fatalities from higher incidence of vehicle
rollover or other causes. The potential for adverse
safety consequences from either downsizing or
downweighting is a legitimate concern. Although
1 O-year fleet fuel economy gains of 30 percent or
so are feasible without downsizing, and market
forces would appear likely to weigh against down-
sizing, there are no guarantees that automakers
would not choose this course; further, moderate
reductions in weight (a few hundred pounds
would be likely) might have some adverse safety
consequences. Also, requiring gains greater than
30 percent in this time frame, or a shorter schedule
for required gains, could create severe pressure to
downsize the fleet, with likely adverse safety con-
sequences. On the other hand, measures are
available to mitigate safety problems, including

Barrier tests are an important safeguard in assuring the safety
of new car designs, including designs stressing materials
changes and other weight reduction measures

small increases in track width to reduce rollover
risks, universal application of anti lock brakes, and
enhancement of interior padding to prevent head
injuries.

Another strong concern of lawmakers has been
the potential employment consequences of new
standards. Clearly, standards that can be achieved
only by severely compromising consumer ameni-
ties could adversely affect sales and have an unfa-
vorable impact on industry employment. Howev-
er, there is no indication that standards at the levels
discussed would hurt domestic automakers' com-
petitive position or strongly affect their sales.

Analyses by both the industry and the con-
servation community have concluded that new
standards would have strong employment im-
pacts. However, competing analyses drew sharply
different conclusions. the industry’s analysis proj-
ected large job losses, and the conservation com-
munity’s analysis projected large job gains. OTA
found that both projections were driven more by
their starting assumptions than by objective anal-
ysis.“The only defensible conclusion is that oil
savings from new standards, like oil savings from
any source, will tend to have positive impacts on
national employment because the oil backed out
of the economy will likely be imported oil, which
generates fewer jobs per dollar spent than most
other expenditures, - However, thisis only one of
several sources of employment impacts from new
standards. Depending on the cost of required
changes in auto design and the gasoline savings
achieved, consumers may have more or less to
spend on other goods and services, which would
affect nonindustry employment; and net auto sales
as well as auto manufacturing productivity rates
might change, which would affect industry em-
ployment. These impacts could be negative or
positive.

Finaly, there has been considerable debate
about the likely fuel savings associated with new

42 Although the conservation community’s analysis, conducted by the American Council for an Energy-Efficient Economy, made much

more use of economic analysis in its projection.

43 1n other Words a dollar n_ spent pn imported oil costs fewer jobs than are added by spending that dollar elsewhere in the economy.



standards. Most of the debate has been centered
around Senate hill S. 279, which required each
company fleet to improve by 20 percent for 1996
and 40 percent by 2001. Most differences in esti-
mates occurred because of differences in assump-
tions about the likely values of fuel economy that
would occur without new standards; the likely use
of aternative fuel credits by automakers; the mag-
nitude of any increase in driving because of re-
duced “per-mile” fuel costs associated with high-
er-efficiency autos; and the likely magnitude of
future growth of vehicle-miles traveled. Two esti-
mates that can serve as “outliers ” are the Depart-
ment of Energy’s estimate of 1 mmbd saved by
2010, and the American Council for an Energy-
Efficient Economy’s estimate of 2.5 mmbd saved
by 2005. OTA estimates that the most likely sav-
ings from compliance with S. 279 would be about
1.5 to 2.2 mmbd by 2010, if compliance does not
significantly hurt new car sales.

1 “Feebates”: An Alternative or
Complement to Fuel Economy
Standards

“Feebate" plans offer a market substitute for, or
supplement to, new fuel economy standards.
Feebate plans involve charging fees to purchasers
of new cars that have low fuel economy*and
awarding rebates to purchasers of new cars with
high fuel economy. The plans can be designed to
be revenue neutral or revenue generating, but their
general purpose is to provide an incentive for con-
sumers to purchase efficient vehicles and for
manufacturers to produce them. Feebates avoid
the danger inherent in CAFE standards. that the
estimated costs and fuel economy benefits of
available technologies are too optimistic. so that
complying with the standards will end up costing
much more than expected. Also, unlike CAFE
standards, feebates provide continuing incentives
to improve fuel economy beyond the level initial-
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ly desired by rewarding the deployment of new,
unforeseen technologies. On the other hand, leav-
ing fuel economy results entirely to the market
runs the risk that the actual improvements ob-
tained may be considerably less than hoped for. In
OTA’s view, the potential for error in projecting
the costs and benefits of feebates is quite high. At-
tempting to predict the actions of auto manufac-
turers in a free market adds considerable uncer-
tainty to an analysis of fuel economy potential
—beyond the important uncertainties in technolo-
gy costs and benefits inherent in OTA’s analysis of
CAFE standards.”

Recent analyses by Lawrence Berkeley Labo-
ratory (LBL) conclude that feebates large enough
to award a $500 differential between a 20-mpg and
a 25-mpg car can achieve a significant new car
fleet fuel economy increase—15 percent over ex-
pected levels by 2010.4b Virtually all of thisim-
provement is expected to come from manufacturer
responses to feebates, with changes in consumer
behavior contributing little. If this analysis is cor-
rect, feebates will have an impact similar to CAFE
standards aimed at the same 15 percent improve-
ment, although with more flexibility y for manufac-
turers but less certainty of attaining the desired
improvements in fuel economy. The dominance
of the manufacturer response implies, however,
that small-scale programs (e.g., programs con-
ducted by one or afew small States) are unlikely to
have much effect because they would be unlikely
to affect manufacturer decisions.

An important concern of feebates is the possi-
bility that they would provide an advantage to for-
eign automakers, because foreign companies, es-
pecially the Japanese, tend to have higher CAFE
levels than U.S. automakers. The LBL analysis
concludes that foreign automakers will gain more
rebates than U.S. automakers, although this effect
would diminish over time. Basing the feebate sys-
tem on car size would diminish the adverse impact

*+ Measured against the average for all cars, or for cars in that class, or some other value.

5 Office of Technology Assessment, op. cit., footnote 2.

% Using the same estimates of technotogy costs and fuel economy improvements that OTA used to evaluate CAFE standards.
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on U.S. companies, because much of the differ-
ence between the U.S. fleets and the Japanese
fleetsis due to the larger average size of U.S. cars.
However, LBL concludes that this type of feebate
yields considerably less improvement in fuel
economy than a feebate that allocates fees and re-
bates based only on fuel economy.

0 Transportation Demand
Management Measures

Both the Clean Air Act Amendments of 1990 and
ISTEA include requirements for programs that
improve transportation efficiency by reducing
traffic volume, especially during peak travel
times. These transportation demand management
measures (TDMs),”including parking charges,
high-occupancy vehicle (HOV) lanes, and intelli-
gent vehicle-highway systems (IVHS), could play
an important role in a national conservation strate-
gy. (In essence, many TDM measures are similar
or identical to measures that would form the basis
for full cost accounting.) Although few analysts
expect any particular TDM to make great inroads
in fuel use, especially because of likely political
limitations on the severity of incentives consid-
ered, fuel savings of several percent may be pos-
sible from an intensive program combining a vari-
ety of such measures. Unfortunately, the limited
number of trials of TDM measures and the diversi-
ty and complexity of travelers' reactions to them
imply that policymakers must accept considerable
uncertainty in gauging their likely impacts. Some
promising or prominent measures include:

1. Pricing parking: Parking charges would be one
of the largest and most visible costs of commut-
ing and other local travel if most travelers paid
them, but 90 percent of commuters receive free
parking. Asking employers to offer workers a
cash alternative to free parking (i.e., either
parking or cash, at their choice) or otherwise
providing a market incentive not to park ap-

*7.Or ransportation control measures (TCMs).

*¥ The range reflects the severe lack of data.

pears to have substantial potential to reduce ve-
hicle worktrips.

2. Congestion pricing: Placing electronic tolls on
heavily traveled roads during peak periods
should both reduce total trips and displace trips
out of peak periods, when congestion makes
them inefficient. Although congestion pricing
is economically efficient because it asks travel-
ersto pay for costs they impose on others, the
substantial magnitude of the per-mile charges
needed to make significant inroads on traffic
volumes (estimated to be as high as $0.65 per
mile in California’s urban areas) represents a
powerful roadblock to implementation.

3. Telecommuting: The growth of information-

oriented service industries and simultaneous
radical improvements in telecommunications
capabilities may alow growing numbers of
workers to “telecommute” from home or satel-
lite offices, thereby avoiding long commutes.
Currently, between 2 million and 8 million
workers telecommute,”and the Department of
Transportation projects that as many as 15 mil-
lion workers could telecommute by 2002. Al-
though all such estimates are highly uncertain,
the potential clearly islarge, with accompany-
ing energy savings of more than 1 billion gal-
lons of gasoline per year at the upper end.

4. High-occupancy vehicle lanes: HOV lanes are

freeway lanes restricted during peak hours to
vehicles containing two or more passengers.
They provide an encouragement to carpooling,
as well as providing some potential congestion
relief—and increased efficiency-to the re-
mainder of the roadway (unless they are con-
versions from previously unrestricted lanes, in
which case their effects on congestion depend
on circumstances). There is controversy about
the ability of new HOV lanes to reduce overall
vehicle-miles of travel and energy use, because

the added roadway capacity and reduced con-
gestion will stimulate additiona travel, cancel-



ing some of the benefits from increased ride
sharing.

. Intelligent vehicle-highway systems. IVHS en-
compasses a range of systems that can provide
services from timely information to drivers
about congestion and alternative routes to fully
automated control of vehicles on limited access
roads. ISTEA authorizes several hundred mil-
lion dollars for IVHS development. These sys-
tems should have substantial potential to re-
lieve congestion in crucia corridors. The
ability of IVHS to reduce overal energy use is
more problematic, however, because the ener-
gy saved by reducing congested (and ineffi-
cient) traffic flow must be balanced against any
increased energy use from additional travel
stimulated by increased road capacity.

(S

B Public Transportation

Whether public transportation is a key to revitaliz-
ing U.S. central cities and substantially reducing
automabile use or has only minor relevance to fu-
ture transportation policy is an ongoing argument
in the transportation community. Thisis largely an
argument between the hoped-for potential of pub-
lic transportation and the disappointing record of
its actual performance in the United States; it is
also an argument about unpaid-for costs and unac-
counted-for benefits.

There may be many local success stories of
U.S. public transportation, and the central busi-
ness districts of many American cities could not
survivein their present forms without mass tran-
sit; yet for the past several decades, transit has
shown adisturbing trend toward increasing costs
and declining market shine despite heavy subsi-
dies. Labor productivity y, for example, fell sharply
during 1960-85, although it has rebounded a bit
during the past few years. Similarly, per-mile la-
bor costs rose by 80 percent after inflation from
1965 to 1983, with relative stability since then.
With higher operating costs and reluctance to raise

# Davis and Strang, op. cit.. footnote 3, table 2-13.
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fares because of declining patronage. transit sub-
sidies have risen. Local, State, and Federal gov-
ernments now pay about 57 percent of transit op-
erating costs and almost 100 percent of capital
costs. This means that on capital-intensive sys-
tems (e.g., heavy rail systems such as Atlanta,
Washington, DC, Buffalo), ticket prices may be
paying for only 1() or 20 percent of total costs,
with governments picking up the rest.

Heavy rail systems are a transportation mainstay of many U S
cities, including New York, Philadelphia, Chicago, Boston,
Washington DC (Washington's METRO shown here) and
others

Aside from high costs, it also is not clear that
most U.S. transit systems in their present form are
saving much energy. From 1970 to 1989, both bus
and rail transit energy intensity (fuel use per pas-
senger-mile) increased substantialy: buses by 70
percent, primarily because of lower load factors,
growing urban congestion, and greater orientation
to suburban services that require more nonrevenue
backhauls; and rail systems by 38 percent, at least
in part because a number of new systems were
added that are faster and tend to operate at lower
load factors than earlier ones. Right now, on aver-
age there is little difference between auto efficien-
;{;;'ggggut)';;l oLty chining & 1AT
comparison between auto and transit energy in ten-
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sity is quite difficult, requiring an accounting of
trip circuity;”energy built into capital structures;
trips used to access mass transit: appropriate auto
load factors, given not only the type of trip but the
characteristics of those auto users who are poten-
tial transit users; travel conditions (e.g., conges-
tion); and transit system characteristics. Automo-
biles may in some instances be more energy-
efficient than mass transit.” This does not imply,
of course, that transit systems cannot save consid-
erable amounts of energy under the right circum-
stances: high load factors for the transit system,;
private vehicles operating in congested condi-
tions, often with single occupancy; transit operat-
ing on its own right of way or lane, or sharing an
HOV lane.

B Urban Planning

The potential of public transportation cannot be
discussed properly without simultaneously dis-
cussing the role of urban form in shaping trans-
portation patterns and energy use. It is clear from
evaluation of urban areas worldwide and within
the United States that residential density, as well
as other urban characteristics such as centraliza-
tion and mix of land uses, plays a crucial rolein
both the amount of per capita travel and the mode
chosen. Cities with high residential densities
(greater than 12 persons per acre), a strong central
focus, and an intertwining of residential and com-
mercia land uses tend to have both low overall per
capita travel and relatively high use of public
modes of transportation, as well as walking and
bicycling, compared with cities with lower densi-
ties, lack of centralization, and separated land
uses. Other urban characteristics that are strong
indicators of both travel and mode choice are the
relative volume of roadway and the volume of

S0

parking spaces per 1,000 vehicles. Given these
relationships, many in the environmental commu-
nity wish to consciously reshape American cities
to make them more compatible with transit, bi-
cycling, and walking, and to greatly reduce the
travel necessary for access to employment, recre-
ational, and cultura opportunities.

The urban characteristics discussed above are
the result of both immutable factors—the cities
wealth and its distribution, their history (especial-
ly when they experienced their major growth), and
their geography-as well as factors that are con-
trolled by governments, such as roadbuilding po-
licies, housing policies (including tax breaks af-
forded private dwellings), parking requirements,
and land use planning controls. The precise role of
the various forces is still the subject of consider-
able debate, with environmental groups stressing
the role of policy and pro-development groups
stressing the role of factors not controllable by
policy. In redlity, however, even those factors
theoretically controllable by policy have become
embedded in the American political system and
are difficult to change. A few U.S. cities have
made serious attempts to change some of these
factors, however—Portland, Oregon being one of
the most widely known —but the results are not
yet evident, And even these cities can change only
some factors; other important matters, such as
mortgage interest exemption and a tax policy that
treats free employee parking as exempt from taxa-
tion, are controlled by the Federal Government.
What this impliesis that a serious effort to shift
land use patterns into forms more compatible with
reduced travel and greater use of transit, bicycling,
and walking will require strong efforts at al levels
of government, that changing the necessary poli-
cies will be politically difficult, and that the re-

Trip circuity is the degree to which a trip between origin and destination diverges from the shortest path between the two.

St For example. in carpools, or more generally, when transit load factors are low.

32 Portland has established an Urban Growth Boundary to direct developmentinto the city rather than its suburbs, prohibited automobiles in

akeydowntown corridor served by bus transit:restricted parking spaces incorporated into new office development; and developed a light rail

system. The cityhas thus far obtained good results regarding traffic volume and transit share for a small dow ntown area but, as a whole, has seen

bothalossn transit share and alarge increase insingle-occupancy vehicles from 1980 to 1990.



suits, in terms of actual changes in land use, are
uncertain. Without a coordinated effort of this sort
and a successful shift to denser land use patterns,
however, it is difficult to imagine any kind of revi-
talization of public transportation in this country,
regardless of the investment capital poured into
new systems.

A corollary to the idea of changing land use to
revitalize transit and reduce travel demand is that
of installing transit systems to shape land use. Un-
fortunately, although it is clear that introduction of
rapid transit systems can have large effects in the
immediate locality around stations, there is little
indication that such systems have had much effect
on urban structure, at least over the past few de-
cades. This lack of a strong, measurable impact
implies that access to a transit system, although
certainly afactor in determining locational deci-
sions for new development, is only one of many
such factors. Building a transit system can be part
of a multifaceted strategy to affect land use, but it
is unlikely to do much in relative isolation.

This conclusion is disputed by some environ-
mental organizations, which maintain that com-
parisons of travel behavior and land use density
across areas with different levels of transit service
show clearly that such service creates higher den-
sities of land use and reduces per capitalevels of
travel. Were such an effect to occur, transit evalua-
tions should properly count the induced reduc-
tions in travel—and resulting decrease in air
pollution, congestion, and other social costs of
auto travel—as a direct benefit of transit. OTA’s
evaluation of the available studies indicates, how-
ever, that they are not adequate to demonstrate
such an effect: they generally do not show changes
over time, do not account sufficiently for demo-
graphic differences between areas with differing
land use, fail to distinguish among different trip
purposes, and cannot prove cause and effect.
However, the positive relationship between good
transit service and dense land use, on the one hand,
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and lower levels of travel, on the other, does lend
weight to the argument that policies aimed at bot h
increasing transit service and increasing land use
density, if successful, would likely reduce travel
and should be credited with this reduction in a
cost-benefit analysis. Further study is needed to
define the likely magnitude of such an effect, how-
ever.

I High-Speed Intercity Public
Transportation

Only 1.2 percent of al person-trips are at least 75
miles in length, but these trips represent more than
one-quarter of all person-miles of travel. For trips
from 100 miles (below which autos can be ex-
pected to continue their dominance) to about 500
miles in length (beyond which air travel should
continue dominance), investments in high-speed
ground transportation (HSGT) systems capable of
speeds around 200 mph or faster—rail or ma-
glev*—represent an option to relieve congestion
in both auto and air modes and possibly (depend-
ing on system characteristics) to save energy (and
reduce oil use). In fact, proposals have been made
toinstall such systemsin a number of U.S. inter-

The Train a Grand Vitesse (TGV) currently operates at high
speeds (185 mph) along more than 1,000 miles of track in
France

53Maglev systemsare trains that operate suspendedinair on fixed, dedicated guideways, held up by magnetic forces and propelled bylincar

electric motors.
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city corridors, including Miami-Orlando-Tampa,
Cleveland-Columbus, San Diego-Los Angeles-
San Francisco-Sacramento-Reno-Las Vegas, At-
lanta-Columbus/Macon-Savannah, and the North-
east Corridor (Boston-New York City-Wash-
ington, DC). The Transportation Research Board
has found that further testing and development are
necessary for maglev systems to prove they can
operate safely and reliably in revenue service;, Eu-
ropean high-speed rail systems operating at
speeds approaching 200 mph are firmly estab-
lished.”

Although high-speed rail systems have been
successful in Europe and Japan, this does not auto-
matically demonstrate their applicability to U.S.
conditions. The United States has some key disad-
vantages—Iless densely populated intercity corri-
dors, with mgjor cities farther apart; lack of preex-
isting heavily traveled rail links; lack of well-
established intracity trains in most destinations;
and availability of competitively priced air shuttle
services. Further, much of the current and proj-
ected airport congestion is due to airline manage-
ment decisions favoring hub-and-spoke opera-
tions, and is not entirely a function of physical
capacity. Thus, the extent of future airport conges-
tion, which is a key argument in favor of intercity
high-speed rail, is somewhat in question.

Available analyses indicate that new HSGT
systems would likely require strong government
capital subsidies to maintain financia viability.
With full capital subsidies (which new urban rail
transit systems have received), operating and
maintenance costs for new systems should be low
enough to alow them to compete well with air and
low-occupancy auto travel. Without such subsi-
dies, annual ridership levels would have to be at
least 2 million, and most likely about 6 million,

passengers (high estimate: 17 million passengers
per year), for the systems to break even. By 2010,
only four city pairs are expected to have total air
ridership exceeding this mark—Los Angeles-San
Francisco, Boston-New Y ork, Washington, DC-
New York, and Los Angeles-Phoenix. Although
maglev costs are quite uncertain because full-
scale systems have not been built, early analyses
imply that they would have a more difficult time
breaking even without subsidies; OTA has found
that the infrastructure costs of a maglev system for
the Northeast Corridor would be approximately
double those of a high-speed rail system.”

The keys to the future success of HSGT sys-
tems, if they are built, will be the extent of conges-
tion growth in both road and air modes (available
forecasts for both modes have large uncertainties),
the level of subsidies Federal and State govern-
ments are willing to extend (which depend, in
turn, on the value society places on the oil dis-
placement, congestion relief, and other societal
costs reduced by use of the systems), and the re-
sponse of competing modes.

B Improving Auto Fuel Economy:
Moving Beyond Current Technology

Recent congressional deliberations about fuel
economy standards have focused on relatively
evolutionary improvements in automobile de-
sign, on moving available fuel efficiency technol-
ogies widely into the fleet, and on a short-term (10
to 15 years) time horizon. Another potentia direc-
tion for fuel economy improvementsis aradica
shift in technology and design, possibly including
achange in basic powerplant. Such adirection is
embodied in calls for the introduction of "super-
cars, " extraordinarily light-weight, electric-hy-

54 Transportation Rescarch Board. In Pursuit of Speed: New options for Intercity Passenger Transport, Transportation Research Board

Special Report 233 (Washington, DC: National Research Council, 1991).

S5 U.s. Congress, Office of Technology Assessment, New Ways: Tiltrotor Aircraft and Magnetically Levitated Vehicles, OTA-SET-507

(Washington, IX' U1.S.Government Printing office, October 1991).



brid-powered vehicles, by the conservation com-
munity*and in a recent announcement by the
Administration and the three domestic automak-
ers of apartnership to develop a new passenger car
with up to three times the fuel efficiency of current
autos.

The basic features of an advanced automobile,

one that went well beyond current technology,
might include:

n ashift in body materials, probably to carbon-fi-
ber or other composite materials, with higher
materials costs counteracted by greatly reduced
assembly costs;

- atotal dedication to streamlining, bringing the
vehicle drag coefficient down to the range of
0.2 or lower, compared with the current com-
mercia state of the art of about 0.3;

= high-pressure, low-rolling resistance tires, per-
haps similar to those in General Motors' Im-
pact electric vehicle;

- an advanced engine, probably either a super-ef-
ficient four-stroke design with four or more
valves per cylinder, adjustable valve lift and
timing, and other low-friction measures or a
two-stroke design; and

n extensive use of aluminum and other light-
weight materials in suspension and other com-
ponents (e.g., brake rotors and calipers, sway
bars, wheels).

Rather than an advanced internal combustion en-
gine, a radically redesigned automobile might use
electric motors powered by batteries or fuel cells.
or a hybrid combination including batteries and a
motor/generator (or one of a variety of other com-
binations of power sources, including flywheels).

Recent strong technical advances have placed
such an automobile closer to reality, although still
a considerable way from commercialization.
Some important advances are small, lightweight
direct-current inverters that allow use of highly ef-
ficient, lightweight alternating current motors:
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GM's Impact electric vehicle represents a “ground up,"
innovative design focused on the unique requirements of an
electricity based power source

and a 40-fold reduction in the amount of platinum
required in proton-exchange membrane fuel cells,
moving platinum availability and costs into the
“realistic” range. Not surprisingly, there remain a
number of crucial technical hurdles. improving
the manufacturability and reducing the cost of ad-
vanced materials; designing adequate safety sys-
tems for a vehicle in the 1,000-pound range;
achieving mgjor improvements in fuel cell and
battery technology; and so forth.

Thus far, the mgjor "driver” for the develop-
ment of advanced light-duty vehicles has been
Cdlifornia's zero emission vehicle (ZEV) require-
ments. which require automakers to achieve at
least 2 percent of their in-State sales with vehicles
emitting no criteria pollutants by 1998, and 10
percent by 2003 (some northeastern States have
adopted identical requirements). These vehicles
will amost certainly be electric. The ZEV reguire-
ments have succeeded in stimulating a major re-
search effort to develop electric cars: the eventual
success of the requirements in bringing commer-
cialy acceptable electric cars to the marketplace
remains an open question. however.

On September 29, 1993, the President an-
nounced a “Clean Car Initiative" with the three

30 See AB. Lovins et al., Rocky Mountain Institute, “Supercars: The Coming Light-Vehicle Revolution,™ unpublished report, Mar. 31,

1993.
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domestic auto manufacturers. The initiative has as
aprimary goal the development of a manufactur-
able prototype automobile within 10 years that
achieves a threefold increase in fuel efficiency
while maintaining the affordability, safety stan-
dards, performance, and comfort of today’s cars.
This joint government-industry research program
may add to the impetus for alarge improvement in
light-duty vehicle efficiency.

B Shifting to Alternative Fuels”

The use of alternative, nonpetroleum-based fuels
in vehicles, though generally viewed as a fuel sub-
stitution measure, also offers opportunitiesto re-
duce overal energy use and greenhouse emis-
sions; in other words, alternative fuels can play a
rolein energy conservation. Energy savings may
be gained from changes across the entire fuel
cycle, ranging from changes in fuel efficiency at
the vehicle®to changes in the energy required to
find, collect, and transport fuel feedstock materi-
as. Greenhouse gas emission reductions may be
obtained directly from the energy savings and aso
from differences (from gasoline) in the alternative
fuels' carbon content and general chemical make-
up, which yield different fuel cycle emissions of
carbon dioxide and the other greenhouse gases

(carbon monoxide, nitrogen oxides, nitrous oxide,
methane, etc.) .59

The primary alternative fuels under consider-
ation for use in light-duty vehicles are the alcohols
methanol and ethanol, natural gas, liquefied petro-
leum gas (LPG), hydrogen, and electricity. Except
for electricity, al the fuels can be used in internal
combustion engines. Hydrogen also can be used
in fuel cells;”and methanol and natura gas,
which are hydrogen-rich, can act as hydrogen car-
riers for fuel cells.”

Several factors inhibit the introduction of these
fuels into the marketplace: the entrenchment of
gasoline in the light-duty vehicle market; the lack
of supply infrastructures and mature vehicle
technologies for most of the aternative fuels, and
various cost and range problems.” The Energy
Information Administration expects, however,
that a range of government incentives will help a-
ternatively fueled light-duty vehicles capture
from 1.9 to 2.4 percent of the light-duty vehicle
fuel market by 2010.” These incentives include
the 1990 Clean Air Act Amendments (CAAA),
which establish a set of clean fuels requirements;
the State of California’'s Low Emission Vehicle
Program under the CAAA, which requires mini-
mum sales of vehicles in different emissions cate-

57 For more details, see U.S, Congress, Office of Technology Assessment, Rep/acing Gasoline: Alternative Fuels for Light-Duty Vehicles,
OTA-E-364 (Washington, DC U.S. Government Printing Office, September 1990).
S8 Because the altenative fuels have di fferent combustion characteristics (e.g., methanol'soctane rating is 101.5 and natural gas’s is 120to

130 versus 87 t093 for typical gasolines; this allows methanol and natural gas engines to use higher compression ratios, raising thermal efficien-
cy) and may require basic shifts in the drive train and fuel storage systems (e.g., electricity demands the use of electric drive motors and battery

or ultracapacitor storage).

59 See M.A. DeLuchi, Emissions of Greenhouse Gases From the Use of Transportation Fuels and Electricity, ANL/EDS-TM/22 (Argonne,

IL: Argonne National Laboratory, 1991). This report presents detailed estimates of the greenhouse emissions for each portion of the fuel cycle

for a variety of alternative fuel/ivehicle/supply source combinations.

60 Fyel cells are €lectro-chemical devices that convert hydrogen into electricity without combustion and with water as their only byproduct,

acting like batteries that have continual recharge of their chemical electrolyte.

6!However, use in fuel cells of hydrogen carriers rather than pure hydrogen requires the addition of an onboard reformer to first release the

hydrogen from these fuels. Although the fuel cell hasno air emissions, the reformer does, so a fuel cell vehicle with a hydrogen-carrier fuel will

not strictly be a zero emission vehicle.

62A110f the alternati,.fuels are less energy-dense than gasoline, and thus need a higher volume of fuel to achieve an equivalent range.

63U.S. Department Of Energy, Energy Information Administration, Assumptions for the Annual Energy Ourlook 199.?, DOE/EIA-0527(93)

(Washington, DC: January 1993).



gories, including the 19982 percent ZEV sales
mandate discussed earlier; and alternative fuel
fleet requirements and tax incentives under the
Energy Policy Act of 1992. Vehicle manufacturers
can also get fuel economy credits toward meeting
their CAFE requirements by manufacturing alter-
native fuel vehicles. Because most automakers
can comply with current CAFE standards without
a great deal of difficulty, the availability of the
credits may have little effect unless CAFE re-
quirements are raised.

Government incentives for alternative fuel use
hinge on three potential benefits: energy security
and economic benefits from reducing oil use and
imports; air quality benefits, especialy from re-
duced emissions of 0zone precursors; and green-
house benefits from reduced fuel cycle emissions
of CO,and other greenhouse gases. The likeli-
hood that these benefits will actually be obtained
is mixed and uncertain, however. Take energy se-
curity, for example. Although all of the aternative
fuels will substitute for oil, some raise their own
security concerns because they may be imported
(e.9,, methanol if U.S. natural gas prices were to
fise LPG in large quantities). These concerns
may not be as severe as those associated with oil
imports, however; feedstock resources, e.g., natu-
ral gas, tend to be less concentrated geographical-
ly. Security benefits also will depend on market
penetration (which will affect fuel supply sources
and costs) and other factors that are uncertain. And
the existence of fuel economy credits adds uncer-
tainty to security benefits. Were CAFE standards
to be raised, automobile manufacturers might
choose to use credits from sales of alternative fuel
vehicles to avoid some of the fuel economy im-
provements otherwise required by the standards,
the oil use reduction benefits of the alternative
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Chevrolet Lumina Flexfuel auto can use straight gasoline,
M85 (85 percent methanol, 15 percent gasoline mixture), or
any combination in between

fuels might then be at least partially offset by he
loss in efficiency gains.

Air quality benefits depend on the nature of
emission standards promulgated for aternative
fuel vehicles and on the tradeoffs vehicle design-
ers make among factors such as emissions, vehicle
performance, and fuel economy. Where regulators
try to adjust standards so as to weight emissions
according to their potential to impact air quality,
as Californiais doing, the emissions from vehicles
using gasoline, methanol, natural gas, and other
aternative fuels in internal combustion engine
vehicles may be similar; only electricity and hy-
drogen. and methanol and natural gasin fuel cell

vehicles, would then enjoy a clear emissions ad-
vantage. Finally, greenhouse benefits depend *"

a variety of system design details, including
choice of feed stocks, tradeoffs in conversion facil-
ity energy efficiency between capital and operat-
ing cost, and vehicle design decisions, as well as
the uncertain progress of immature technologies.
In the near term, any greenhouse benefits are like-
ly to be small and easily lost (though early growth

64 Methanol would likely be produced primarily in the United States and Canada at current gas prices; at higher prices, overseas production
would be more likely, though some analysts believe there would still be potential for domestic methanot production as a byproduct of steel
production, assuming shifts in steel production technology to allow co-production of pig iron and methanol.

65Gee D.E. GushCc, Congressional Research Service,

Congress, 92-235 S, Feb. 27,1992

“Alternative Fuels for Automobiles Are They Cleaner Than Gasoline?" Report for
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of alternative fuels use may lay the groundwork
for later benefits); large greenhouse benefits will
come when renewable provide the majority of t he
feedstocks or when design decisions are con-
trolled by strong incentives to reduce greenhouse
emissions from the entire fuel cycle.

Two important issues facing Federal policy-
makers involve fuel taxation policy and the cur-
rent Federal policy of fuel neutrality. Currently,
Federal taxation of aternative fuels seems at odds
with interest in promoting fuels such as methanol
and in maintaining a “level playing field” among
competing fuels. Electricity, for example, pays no
Federal highway tax, and natural gas pays very
little, whereas LPG and methanol pay higher taxes
than gasoline (on a $/Btu basis). Although it may
make sense to tax different fuels at different rates
based on their perceived benefits, current rates
seem to bear no relation to Federal goals. Con-
gress might consider adjusting tax rates to estab-
lish either a uniform tax (per unit energy) among
competing fuels or a differential tax weighted ac-
cording to emissions benefits or other perceived
benefits.

Current legislation (especially EPACT) pro-
vides large economic incentives (thousands of
dollars per vehicle) to alternative fuels with little
regard to any differences among the various fuels
in their likelihood of satisfying environmental or
other Federal goals. Some types of alternatively
fueled vehicles likely to enjoy success in the mar-
ketplace may, however, provide benefits that are
sig]nificageltly inferior to those provided by other
vehicles.” At some point, perhaps when the envi-
ronmental and energy security attributes of vari-
ous vehicle/fuel combinations become clearer,
Congress may want to reconsider the current
policy of fuel neutrality (among the competing al-
ternative fuels) in awarding incentives.

FREIGHT POLICY

The future potential for energy conservation in the
freight sector lies largely in reducing truck energy
use, because trucks consume the major part of
U.S. freight energy (more than 80 percent) and be-
cause truck mileage is expected to grow rapidly—
about 2 percent per year in the EIA forecast, and,
in OTA’s opinion, probably somewhat faster. The
technical measures available include improve-
ment in truck fuel economy-both for new trucks
and, with retrofit technology, for the fleet as a
whole (including improvement in driver skills);
shifting to alternative modes and intermodalism
(linking with other modes); and changes in opera-
tions to reduce waste.

Tests of the most energy-efficient new trucks
under optimal driving conditions for high effi-
ciency have achieved fuel economies 50 to 70 per-
cent above the current fleet average efficiency.
Similar tests of prototype trucks have achieved
fuel economies over twice the current fleet aver-
age. Although real-world operating conditions,
including average rather than optimal driving
skills, would yield reductions in these efficiency
advantages, the test results do suggest that there is
a considerable energy savings potential from us-
ing commercially available and new technologies.
Thus, a key to improving the efficiency of the fleet
is both to encourage purchase of the most efficient
vehicles and to speed up turnover, which is slow.
Policy options to raise new truck fuel economy in-
clude fuel taxes, fuel economy standards, feebate
programs, and government purchase programs;
measures to encourage turnover include fuel
taxes, retirement programs, and tax code changes.

Both fuel economy standards and feebate pro-
grams will encounter difficult technical problems
because the great variety of truck types and cargo
confounds efforts to establish fair efficiency goals

66 For example, a flexibly fucled vehicle, fucled by gasoline, M85 (a mixture of 85 percent methanol and 15 percent gasoline), or any mix of
the two will likely yield significantly smaller air quality benefits than a dedicated methanol vehicle.



for trucks and to appropriately group trucks into
classes. Combination trucks pose a special prob-
lem for regulation because they are sold as sepa-
rate trailer and engine units, with the design of
each being crucia to fuel economy.

It is sometimes argued that mode shifts from
trucks to rail or to barges would save significant
amounts of energy since rail and barge shipping
appears to be much more energy-efficient than
trucks. In fact, shippers have found intermodal op-
erations to be very attractive, and this form of
shipment has been growing rapid] y, with the com-
mon form being containers moving from truck to
train to truck. Care must be taken not to exagger-
ate the energy benefits, however: national data
suggest that rail movement is 11.5 times as effi-
cient as truck, but not for the same types of cargo.
Limited analysis of alternative modes of moving
the same cargo over the same routes suggests that
trucks use 1.3 to 5.1 times as much energy as do
trains. And incorporating the energy embodied in
equipment and in getting freight to and from the
rail terminal may reduce rail advantage further,
although it still comes out ahead. With the limited
portion of freight movement likely to be eligible
for shifting to rail, however, total likely savings
are in the range of one- or two-tenths of a quad, a
few percent of total U.S. freight energy consump-
tion.

POLICY OVERVIEW

Depending on their perception of the urgency of
transportation problems and problems associated
with urban air pollution, energy security, and
greenhouse warming, Federal policy makers have
a number of choices to make regarding transporta-
tion that can be simplified into three basic options:

1. retention of the status quo, with fine-tuning;

2. an activist approach that focuses primarily on
improving technology; and

3. an approach that attempts to move U.S. trans-
portation gradually away from its dependence
on the private vehicle.

A status quo approach might use some moder-
ate regulatory and economic policies to ease trans-
portation problems. new CAFE standards set at
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levels achievable with available technology;
modest gasoline taxes, perhaps $0.25 to $0.50 per
galon but likely lower; encouragement of local
transportation initiatives taken in response to
Clean Air Act requirements, some increased in-
vestment in transit with funds shifted from high-
way allocations (allowed by 1S TEA); and so forth.
Under such a scenario, congestion would likely
increase, but the marketplace would moderate the
increase by forcing changes in business and hous-
ing locations and in travel behavior. Cars will be-
come more comfortable and will offer more op-
portunity for entertainment and work. In
particularly congested areas, businesses will es-
tablish more use of telecommuting, perhaps by es-
tablishing satellite work centers. There would
likely be a diversity of solutions to local trans-
portation problems, most of them modest, but
some drastic as in Portland, Oregon, a city that
seeks to remake itself. Given political redlities,
most jurisdictions will likely try to satisfy both
majority auto-oriented drivers and the conserva-
tion-environmental community by improving
highways and transit services, but the latter is
likely to have limited success without more basic
changes in the existing incentives for private trav-
el and in urban form.

The “livability” of the results of such an ap-
proach is difficult to predict, because analyses that
forecast disastrous results invariably ignore soci-
ety's adjustments to emerging problems. In the ab-
sence of technological breakthroughs (e.g., an in-
expensive, energy- and power-intensive battery
that allows electric vehicles to compete success
fully with gasoline cars), urban pollution levels
may worsen or not improve, congestion will prob-
ably grow worse (but not by as much as current
government analyses predict), most urban centers
will likely continue to weaken, and transportation
energy use is likely to grow and continue to de-
pend primarily on oil. However, there may be
some surprises. If local solutions work well and
seem transferable to other areas, they will spread.
Simple steps that fit well into this overal strategy
might make some inroads into auto use. Two mea-
sures that could work are requiring employers to
“cash out” parking costs to employees and con-
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gestion pricing using electronic sensors (although
this measure might more comfortably fit into the
next approach).

A “technological fix” approach could make
some serious inroads into some important trans-
portation problems, while not affecting others.
Such an approach might focus on leapfrogging
current automotive technology to achieve very
high levels of fuel economy, perhaps twice as high
as today 's. Government-industry cooperative re-
search programs could also move toward replac-
ing internal combustion engines with electric
drives powered by batteries or fuel cells, but
strong economic incentives would probably be
necessary to make the transition. Investment in
IVHS could make moderate inroads in conges-
tion, although probably not in urban centers. Itis
not clear that the congestion relief offered by such
systems would yield better conditions than simply
allowing marketplace adjustments, however, be-
cause the increased highway capacity such sys-
tems create could easily spur travel demand.

In predicting the eventual outcome of this ap-
proach, akey unknown is whether travel demand
will keep on growing and overwhelm the effects
of efficiency or will, instead, reach a plateau or pe-
riod of very slow growth so that raising efficiency
will reduce total energy use.

The third approach is to try to shift the U.S.
transportation system substantially away from the
private automobile, especially in urban areas and
for intercity travel. Such an approach could have a
chance of success only if it followed a multi-
pronged strategy of drastically reducing highway
building and accepting slower highway speeds;
practicing ‘*full societal cost accounting” on auto-
mobiles, probably with significant increases in

driving costs; redirecting urban structure toward
higher density, centraization, and corridor devel-
opment, with strong limits on parking and limits
on suburban/exurban development; and investing
massively in existing and new public transporta-
tion systems, with high-density mixed-use devel-
opment focused on station areas.

The goal of such an approach is not only to
drastically reduce gasoline use and urban air
pollution, but to revitalize America's urban cen-
ters, making them places where walking and bi-
cycling to multiple activities are feasible and
where urban life is far more vibrant than is pos-
sible in most of today’s U.S. cities. Whether the
measures necessary to follow this approach are
politically and socially feasible, and whether the
god is achievable even if such measures are taken,
are two critical uncertainties. Many of the mea
sures that would be necessary for this strategy to
have a chance for success+ specially the strong
controls on development and the increased costs
of driving—are likely to draw severe opposition.
Also the strategy seeks to reverse a process that
appears to be going on worldwide, in a country
that has a mature infrastructure designed around
inexpensive  automobile access. Ultimately,
whether the god is achievable even with success-
ful implementation of the necessary policy mea-
sures depends on the answer to the question raised
earlier: Has the past and continuing evolution of
our city structures and travel behaviors depended
primarily on policy or on technological change,
rising income, and other immutable factors, and
what will be the future relationships among these
variables? Only prolonged experimentation with
sharp changes in policy can answer this question.
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he focus of this report is transportation energy usein the

United States and the potential for reducing that use. The

qudity of an ared's transportation system is centra to its

over-till quality of life. A system’s characteristics impact
numerous vital areas: the accessibility of employment. recre-
ational, and cultural opportunities; the availability of leisure time
to its users, as well as their levels of frustration and tension; envi-
ronmental parameters such as air pollution, noise, visua intru-
sion of roads, and their disruption of communities; the economic
and socid viability of inner cities and the shape of new develop-
ment: the ability to move goods easily and inexpensively, which
is crucial to economic competitiveness: and the safety of users
and the general public. Moreover, these impacts are intertwined
with wider impacts at a national level—the U.S. use of oil and its
implications for global warming, energy security. and balance of
payments.

By some important measures, the United States has a trans-
portation system of very high quality, U.S. citizens enjoy the
highest level of personal mobility in the world'--at least on the
average. They travel more miles--13,500 miles per person per
year'—than the citizens of any other country, nearly twice as far
as the citizens of the richest European nations.’They own the

U In terms of relatively simple quantitative measures. Measuring mobility directly—
in terms of actual access to activities and services—is more problematic.

2 Data for 1990 ubtained from L. Schipper and N. Kiang, International Energy Studics,
Lawrence Berkeley Laboratory, in advance of publication in Oak Ridge National Labora-
tory. Transporiation Energy Data Book. Ed. 14 (Oak Ridge. TN: forthcoming).

3 Some 1990 examples trom Schipper and Kiang: France, 7.800 miles: West Germa- | 31
ny, 7,100 miles; United Kingdom, 7,000 miles.
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most vehicles—nearly six autos or light trucks for
every 10 persons, or amost two vehicles per
household, compared with fewer than five per 10
persons for West Germany (the European leaders
in vehicle ownership,) and fewer than three ve-
hicles per 10 persons for Japan.‘They also benefit
from an efficient freight system that allows rapid
delivery of everything from mail to oil to manu-
factured goods, virtually anywhere in the country.

However, the United States also faces daunting
transportation problems. First, the U.S. transport
system uses enormous quantities of oil—almost
65 percent of thetotal U.S. oil consumption,’and
more oil than produced by all U.S. ail fields,"de-
spite the United States' position as one of the
world' s largest oil producers (second in 19907).
The average U.S. citizen consumes nearly five
times the transportation energy used by the aver-
age Japanese citizen and three times that used by
the average citizen of France, Britain, or West
Germany.’Although this higher level of con-
sumption is not solely’, and perhaps not even pri-
marily, a function of relative “inefficiency” (at
least not in the usual sense of the word) compared
with Japan or Western Europe, it still represents a
combined problem involving national economic
security, balance of trade, and greenhouse gas
emissions.

Second, the automobile’s dominance of the
transportation system contributes greatly to the
Nation’s problems with urban air quality. Today,
amost two decades after passage of the Clean Air
Act, about 100 urban areas (depending on weather
conditions) till violate the ozone air quality stan-
dard.’ Transportation sources, primarily automo-
biles and trucks, account for about 30 percent of
the emissions of volatile organic compounds and
39 percent of the nitrogen oxides, which are pre-
cursors of ozone.

Further, other environmental impacts from
U.S. auto dominance include high percentages of
urban land devoted to highways, parking facili-
ties, and other auto uses; the loss of wetlands and
other ecologically sensitive lands from both the
highways themselves and the diffuse land use that
the highways support; and high emissions of
greenhouse gases.

Third, although the average U.S. citizen enjoys
great mobility, the dependence of the transporta-
tion system on privately owned vehicles leaves
many lower-income people with the conse-
guences of poor mobility—inability to get to de-
cent jobs, limited access to convenient (or lower-
cost) shopping, and inaccessibility to many
recreational and other amenities that most citizens
take for granted.

4L.Schipper and N. Kiang, op. cit., footnote 2, 1990 data, except for Japan (1988 data).

5 Energy Information Administration, Annual Energy Outlook 1993, DOE’ EIA- 1383(93) (Washington, DC: U.S. Department of Energy,

January 1993), table A.8.

61n1990 transportation oil products consumption was 21.81quads versus domestic liquids production (crude oil, lease condensate, and

natural gas plant liquids) of 17,91 quads. Ibid., tables Gland G2.

“In 1990, (rely the Soviet Union outproduced the United States. Energy Information Administration, “International Energy Outlook

1992," DOE/E1A-0484(92), April 1992.

*Schipper and Kiang,op. cit., footnote 2.

°Asof1991, according to U.S. Environmental Protection Agency, National Air Quality and Emissions Trends Report, /99/, 450-R-92-001
(Washington, DC: October 1992),

10 Itis important to note that, i, the United States, autos are so inexpensive and fuel prices are solow that many poor people do own and
operate automobile s.” For example, accordingto Pisarski, 60 percent of workers in the poverty population (defined in 1989 as a family of four
with annual income less than $ 12,674) commute to work in single-(»ccupancy vehicles (A. E. Pisarski, Trave! Behavior Issuesinthe 90's, Federal
Highway Administration, July 1992). Of course, a less positive view of this high level of auto ownership and use among the poor is that the
U.S. transportation system gives poor people few other options than tosomehow obtain an auto, and that doingso forces them to forgo other
uses of their limited income. Also, any move to increase fuel prices and auto ownership costs could reduce the access of the poor to automobiles.
In fact, a forthcoming increase in the “waiver limit” in emission inspections required by the Clean Air Act Amendments, to $450 per vehicle,
may have a similar effect by forcing retirement of many older autos.



Fourth. growing congestion is beginning to rob
many travelers, especialy in urban areas, of a pre-
cious commodity-time. Congestion also ad-
versely affects freight movement and degrades
U.S. economic competitiveness. Further, conges-
tion reduces the efficiency of vehicle use, adding
to fuel use and to pollution levels. Although wide-
ly cited projections of impending highway grid-
lock deserve careful (and perhaps skeptical) scru-
tiny, congestion represents an important and in-
creasing problem for U.S. highway and air travel.

The combination of high mobility and daunting
problems contributes to sharply different percep-
tions about U.S. transportation energy use and
travel demand. Some observers of the U.S. trans-
port system see the measures of high U.S. person-
al travel (e. g., 13,500 miles of travel per year per
capita) as distinctly positive indications of a high
quality of life. In this view, high levels of travel are
directly translated into access to a wide range of
employment, educational, recreational, cultural,
personal, and shopping opportunities. Others,
however, question whether thislevel of travel is,
at least in part, a reflection of how inefficiently
U.S. cities are laid out, how widely separated its
residences are from centers of employment, and
how distant its sterile suburbs are from exciting
recreational and cultural opportunities. Similarly.
the high levels of energy use are viewed different-
ly. To some, they are an indication of high mobil-
ity, abeit inflated by certain technical inefficien-
cies in the transport system (which should be
corrected). To others, they are a measure of sys-
temic inefficiencies involving hidden subsidies
for energy-intensive travel modes and the above-
mentioned failure to build habitats that put adi -
versity of employment, recreational, and cultural
opportunities within easy reach of where people
live.

The existence of these conflicting views repre-
sents a problem to policymakers because some
significant opportunities for transportation energy
conservation involve reductions in the number of
trips made and miles traveled. For example, not
only will raising energy and other transportation
prices encourage improvements in the technical
efficiency of transportation and shifts to more effi -
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cient modes, it also will reduce travel. Is this a pos-
itive or a negative outcome? Economists would
consider this outcome positive only to the extent
that transportation may have previously been un-
derpriced because of subsidies (e.g., road mainte-
nance and services paid out of general revenues
rather than through user taxes), externalities (e. g.,
uncontrolled vehicle emissions causing damages
to the general public), or inefficient pricing (e.g..
parking costs for shopping malls embedded in the
price of goods rather than priced separately). To
the extent that fuel prices. parking costs, and other
transportation costs might be raised to a level that
exceeded the full societal costs of transportation
(market price plus subsidy costs plus externali-
ties), any travel reductions caused by the portion
of the price that exceeds total costs are a negative
outcome. To place this issue in better perspective,
chapter 4 explores the externdities, subsidies, and
inefficient pricing associated with automobile
travel. Chapter 5 discusses options for “internal-
"izing some of the hidden costs of transportation,
as well as pricing some transportation services
more efficiently.

Vauing transportation services and energy
conservation measures that involve reduced trip-
making is further complicated by the reality that
transportation is not an end in itself, but ameans to
attain access to economic and personal opportuni -
t y. The concept of access to a variety of opportuni-
ties is easy to grasp but difficult to measure, so
transportation services are generally measured
simply in miles traveled and trips made. Thus,
there is a constant danger that a traveler who must
commute several hours to work will be judged (at
least in the “benefits” value of some transporta-
tion analysis) to have obtained more value from
transportation services than another who walks 20
minutes to work. Also, those judging proposed
changes in transportation policy must distinguish
carefully between changes that reduce travel and
access to opportunity, and those that reduce travel
by bringing opport unit y closer. This compli cat ion
conceivably could be resolved by introducing a
factor that measured accessibility. Although this
isaworthy goal, it is not attempted here. In discus-
sing alternative policy measures to reduce trans-
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port energy use, however, the attempt is made to
distinguish qualitatively between reduced travel
and reduced access to opportunity.

Transportation and energy policy makers are
faced with other dilemmas, as well, in addressing
potential reductions in transport energy use. For
example, they must deal with the essential incom-
patibility of attempts to simultaneously improve
both private and public transportation modes. be-
cause public transport is generally at a severe dis-
advantage in competing with the private auto, in
terms of comfort, flexibility, and travel time, in
most cases transit can thrive only when auto travel
is alowed to become congested or otherwise re-
stricted. Further, policy makers face a highly po-
larized public and analytical view of mass transit
potential, ranging from a basic rejection of any
large additiona role to continued hopes for a mas-
sive increase in transit usage. And efforts to im-
prove highways, to reduce congestion and the en-
vironmental damages it causes, are controversial
because of continuing arguments about the likeli-
hood that adding new highway capacity will ulti-
mately prove self-defeating by attracting more
travel and creating the same levels of congestion
and even greater oil use, air pollution, and other
damages.

Policy makers also are faced with critical dis-
agreements about the nature of the forces that have
shaped the patterns of urban development in the
United States. Because land use patterns are im-
portant determinants of travel demand and modal

choice, changing these patterns could be a critical
component of a transportation energy conserva-
tion strategy. But substantial controversy exists
about whether the U.S. pattern of low-density de-
velopment is due primarily to policy choices that
can be changed (zoning rules, tax treatment of
mortgage interest and parking costs, €tc.) or to ba-
sic economic and technological forces that cannot
be altered.

Energy costs are only a moderate fraction of the
total costs of transportation, and energy use is
rarely the critical driver of transportation deci-
sions. In recognizing this, the report explores
transportation’s energy conservation potential in
the wider context of the range of problems
associated with the U.S. transportation system
and the various market forces driving transporta-
tion decisions.

Given the diversity and complexity of the
transportation sector, this report is not intended to
be a comprehensive and quantitative evaluation of
transportation problems and policy options.
Instead, the report seeks to survey the transporta-
tion “landscape,” to integrate the previous trans-
portation energy work of the Office of Technology
Assessment into a common framework, and to
add selected analysis and evaluation of a few criti-
cal issues. OTA views this report as an introduc-
tion to the issue of transportation energy conserva-
tion, placing earlier OTA work in context and
framing key issues that deserve further analysis.
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his section describes the current status of the U.S. trans-

portation system and, in so doing, illuminates the “tar-

gets’ for energy conservation. Although statistics are

used extensively, the reader should note that transporta-
tion data are often of relatively poor quality (see box 2-A) .

A SNAPSHOT OF THE U.S. TRANSPORTATION SYSTEM
Figure 2-1 provides a broad overview of where energy is being
used in U.S. transportation. As shown, light-duty vehicles—au-
tomobiles, pickup trucks, utility vehicles, and vans—account for
more than half of all U.S. transportation energy use. They are used
predominantly for passenger travel. Airplanes, also used predom-
inantly for passenger travel, account for 14 percent of U.S. trans-
port energy use. These two components of passenger travel thus
represent atempting target for energy conservation measures.

Freight trucks are the second largest user of transportation en-
ergy, accounting for nearly 23 percent of total U.S. use. Freight
truck energy use, expected to grow substantially during the next
two decades, should thus aso be an important focus of attention
for energy conservation. Although other freight modes—pipe-
lines, shipping, and rail (most of rail energy is freight ener-
gy)—are important (and rail could attract freight from trucking,
with subsequent energy savings), they are clearly of lesser signifi-
cance than trucks for nationa energy savings.

The transportation system in the United States provides U.S.
residents with the highest level of personal mobility—in terms of
vehicle trips made and miles traveled—in the world. The United
States has the world's highest number of automobiles per capita

|35
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BOX 2-A: Transportation Data and Precision

Data on transportation passenger- and vehicle-miles traveled and energy consumed often are impre-
cise and apparently contradictory Part of the problem involves differences in assumed boundaries and
definitions Do vmt data for light trucks include all trucks less than 10,000 pounds gross vehicle weight, all
trucks judged to be driven for personal use, or all 2-axle 4-tire trucks? Do estimates of energy consumption
for air travel Include fuel purchased by international earners in this country and then consumed outside of
our boundaries? How are the various urban boundaries--central business district, central city, urban area,
suburbs—defined? Where do government and military vehicles fit in? Alternative data sources use different
definitions and boundaries and many do not specify precisely what these are Problems created by different
definitions and boundaries virtually explode when International comparisons are made, because practices
in other countries may be radically different from U S norms

A second problem concerns data collection Critical transportation data often are obtained by extrapo-
lating from limited samples (e g household and mileage data) National data are aggregated from State
data that may not be collected in a uniform manner (e g vmt data sources range from limited survey instru-
ments to odometer readings from annual vehicle Inspections) Fuel use often is estimated by adjusting gas-
oline sales data, but there are startling differences among areas in the percentage of purchased fuel actual-
ly consumed within each area’s boundaries

The result of these problems is that estimates for Important transportation variables may differ substan-
tially among different sources For example measures of energy use in air transport vary significantly be-
tween values used by the Energy Information Administration (EIA) in its “Annual Energy Outlook” and those
found in Oak Ridge National Laboratory’s “Transportation Energy Data Book “ The EIA value is 3.21 quads
for 19901, the Oak Ridge value is about 2.55 quads for 1989.°Since air travel's energy use has recently
(1982-89) been Increasing at an annual rate of 44 percent,’the Oak Ridge value adjusted for a year's
growth is 266 quads—more than half a quad less than the EIA value Both estimates include military air
travel and both Include purchases of domestic fuel by International earners, and there i1s no apparent dis-
crepancy in definitions or boundaries

Discrepancies such as these can cause major analytical problems, particularly when values sought are
the differences between two data points that do not come from the same source When seeking the differ-
ence between two variables of similar magnitude, relatively small discrepancies in the variables can yield
huge errors in the resulting difference For example, if the result sought is (A-B) where the estimate for A is
200 and the estimate for B is 1.80 a 5 percent uncertainty in A yields a range for (A-B) of O 10-030, that is
(A-B) could be off by as much as 200 percent

SOURCE Office of Technology Assessment 1994

' Energy Information Administration?992 Annual Energy Outiook DOE EIA-0383(92) (Washington, DC January 1992) table
Al4

S C Davis and M D Morris Transportation Energy Data Book ed 12 OR NL-671 O (Oak Ridge TN Oak Ridge National Labora-
tory March 1992) table 27

3 Ibid table 210




—0.5751in 1989.1 In 1990, the United States had
atotal population of 250 million, 167 million li-
censed drivers, and 179 million vehicles operat-
ing—I .07 vehicles per licensed driver, or 1.92 ve-
hicles per household.’The average adult with a
driver’slicense travels 30 miles per day of local,
personal travel, and even adults without licenses
manage to travel 10 miles a day.’In 1990, the av-
erage U.S. resident traveled about 13,500 miles—
compared with about 7,800 miles for the average
Frenchman or 6,400 miles for the average Japa-
nese.*

The overal U.S. transportation system is the
largest user of qil in the U.S. economy and is itself
almost totally dependent on ail. In 1990, 63.6 per-
cent of al U.S. oil use went directly to transporta-
tion,”and much of the remaining oil use (e.g., re-
sidual oil) was in byproducts of transportation fuel
production. In the same year, the system was 97.1
percent dependent on oil as afuel and lubricant.’
Consequently, the U.S. oil import problem is pri-
marily a transportation problem.

The large quantity of oil, and of energy per se,
consumed by U.S. transport may pose a problem
for its global warming potential as well. The
United States is responsible for about 24 percent
of current world emissions of carbon dioxide from
fossil fuel combustion,’and the transportation
sector emits 22 percent of U.S. fossil fuel carbon
dioxide (almost 30 percent if the entire fuel cycle
is considered).’As transportation energy use
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FIGURE 2-1: U.S. Transportation

Energy Use in 1990
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grows, so will its contribution to worldwide emis-
sions of greenhouse gases.

B Passenger Travel

U.S. passenger travel is dominated by the automo-
bile and the highway system. In 1990, about 86
percent of passenger-miles were auto (and person-
al light truck) miles, and about 10 of the remaining

IS.C. Davis and M.D. Morris, Transportation Energy Data Book.ed.12, ORNL-6710 (Oak Ridge. TN: (Jak Ridge National Laboratory,

March 1992), table 1.3.

Y 1bid., table 4.1.Note that “vehicles * includes trucks and buses.
3A T Reno, PersonalMobility in the United States, -

*Transportation Research Board, Special Report 220.1938.

* Data for 1990 obtained from L. Schipper and N.Kiang, International Energy Studies. La\\ rence Berkeley Laboratory, m advance of publi-
cat ion in the Transportanon Energy Data Book, eel. 14 (0ak Ridge. TN Oak Ridge Nat ional Laboratory, forthcoming ). The Japanese dataare

for 1989.
S Davis and Morris, op. cit., footnote 1. Statistical Summary.

% Ibid.

"U.S. Congress, Office of Technology Assessment, Changing bv Degrees: Step | To Reduce Greenhouse Gases. OTA-O-482 (Wash ington,

DCU. S. Government Printing Office, February 1991 ), figure 3-3.

*S.C.Davis and S.G.Strang, Transportation Energy Data Book. ed. 13, ORNL-6743 ( ()ak Ridge. TN Oak Ridge National Laboratory.

March 1993), table 3.49.
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14 percent were air miles. Buses and trains ac-
counted for only 4 percent of passenger-miles,
versus 15 to 20 percent in Europe and 38 percent
in Japan.’ Autos and light trucks used for passen-
ger travel accounted for more than 50 percent of
all transportation energy use in 1990,10 and 70
percent of all highway energy use.] This domi-
nance is not surprising given a series of U.S. poli-
cies strongly favoring the automobile and auto-
mobile-oriented development:

» |ow gasoline taxes that allow U.S. gas prices to
stay at about one-third those of most Organiza-
tion for Economic Cooperation and Devel op-
ment (OECD) nations,

= |ow taxes on autos (average 5 percent in 1992);

= treatment of free employee parking as a hormal
business cost and a tax-free benefit to em-
ployees (and the widespread availability of free
parking as a result);

= tax subsidy of homeowner mortgages, promot-
ing single-family home development and
sprawl;

= payment of many highway transportation ser-
vices from general funds rather than gasoline
taxes; and

Y Schipper and Kiang, op. cit., footnote 4.

remarkably easy availability of driver's li-
censes.”’

The U.S. highway system consists of about
3,800,000 miles of roadway, including 44,000
miles in the Interstate System,” 260,000 milesin
the Federal-Aid Primary System,t4400,000 miles
in the Federal-Aid Secondary System, 125,000
miles in the Federal-Aid Urban System,”
2,751,000 miles of local roads,” and 226,000
miles of Federa roads in national forests and
parks and on military and Indian reservations.”
The system also includes nearly 577,000 bridges.
Virtualy every local jurisdiction has a large back-
log of road and bridge maintenance and repair
needs: more than 10 percent of the Nation's roads
have enough potholes, cracks, ragged shoulders,
ruts, and washboard ridges to be classified as defi-
cient; and nearly 42 percent of the Nation's
bridges are rated as unable to handle traffic de-
mand or structurally deficient. *In the Nation's
largest cities, the result of the poor state of repair
of the road system coupled with inadequate peak
capacity results in several hillion dollars in con-
gestion costs each year.”

10u.s. Department Of Energy, Energy Information Administration, Annual Energy Outlook | 993, DOE/EIA-0383 Washington, DC: Janu-
ary 1993), table A. 14. Note that definitions of total transportation energy use can differ and thus change the percentages of different sectors.
For example, the Oak Ridge Transportation Energy Data Book defines “transportation energy use “ in two different ways—with or without
off-road heavy-duty use for construction and farming, and military travel—and thus reports 1990 transportation energy as 23.2 and 21.8 qua-
drillion Btu (quads), respectively.

1 Ibid.

123 Pucher, = Travel snwr asthe Outcome of Public Policy: The Example ofModal-Split in Westem Europe and North America,™
Journal of the American Planning Association, autumn 1988, pp. 509-520.

13 Routes that connect Principal metropolitan areas, serve the national defense, or connect with routes of continental importance ~Mexico
or Canada.

14 Interconnecting roads important to interstate, statewide, and regional travel.

15 Major Tural C;] lectors that assemble traffic and feed to the arterials.

16 Urban arterial and collector routes, excluding urban extensions of the major primary arterials.

17 Residential and local streets.

181 § CONGr €SS, Office ~) f Technology Assessment, Delivering the Goods: Public Works Technologies, Management, and Finance, OTA-
SET-477 (Washington, DC: U.S. Government Printing Office, April 1991), based on U.S. Department of Transportation data.

19 Ibid.

20 |bid. Congestion cost is the estimated cost of travel delay, excess fuel consumed, and higher insurance premiums paid by residents of
large. congested urban areas. The magnitude of these costs is controversial.
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TABLE 2-1: Mass Transit Active Vehicle Fleet and Infrastructure

Vehicles
Buses

Vans for service to senior citizens and people with disabilities (not public)

Subway cars

Rural service vehicles (primarily vans—public)

Commuter rail cars

Vans

Streetcars and cablecars
Commuter rail locomotives

Others (including ferryboats)
Totd

Infrastructure

Miles of commuter rail track
Miles of rapid rail transit track
Commuter rail stations

Rapid rail transit stations

Miles of light rail track

Bus light maintenance facilities

Demand response service maintenance facilities

Rapid rail transit maintenance facilities
Commuter rail light rail maintenance facilities
Light rail light maintenance facilities
Ferryboat light maintenance facilities

52,945
20970

10325
10101
4646
2412
940

472

372
103,183

4830
1744
958
911
687
523
86

43

35

18

4

SOURCE U S Department of Transportation Federal Transit Administration Public Transportatior inthe Lin/fed
States Performance and Condition Report to Congress (Washington, DC June 1992) table 12 p 18

The U.S. transit system consists of an array of
regional and municipal systems, including buses.
light rail, commuter rail, trolleys, and subways, as
well as an array of vehicles providing “paratran-
sit” services--dia-aride, van pools, subsidized
taxis, and shared rides in minibuses or vans. The
basic characteristics of U.S. mass transit are pres-
ented in table 2-1. Most cities of 20,000 or more
population have bus systems, usually operated by
amunicipal transit authority. In fact, buses on es-
tablished routes with set schedules account for
more than one-half of all public transit passenger
trips, U.S. transit operations are heavily subsidized,

with subsidies paying for about 57 percent of oper-
ating costs in 1990°'—probably the highest cost-
per-ride subsidy level among OECD nations.”

Although most cities have some kind of transit
system, most mass transit in the United Statesis
concentrated in a relatively few cities. In 1991.71
percent of al transit trips were in the 10 cities with
rapid rail systems. New York City, Boston, Phila-
delphia, San Francisco, Chicago, Washington,
DC, Cleveland, Atlanta, Baltimore, and Miami.”
In fact. in 1990, 35 percent of transit passengers
and 41 percent of transit passenger-miles were in
New York City and its suburbs.*

21 Federal Transit Administration, Public Transportation in the United States: Performance and Condition (Washington, DC: U.S. Depart-

ment of Transportation, June 1992).

22 Pucher, op. cit.. footnote 12. In 1982, the Netherlands, Belgium, and Italy paid a higher share of total costs than the United States. but

their cost per ride was much lower.
23 Federal Transit Administration, op. cit.. footnote 21.

24 [hid.
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The road system in U.S. cities is shaped largely
by the need to offer capacity to satisfy peak traffic
periods. Traditionaly, the peaks largely consisted
of worktrips, and these still dominate, although
not as much as before (in metropolitan areas,
worktrips constitute 37 percent of all person trips
in the two peak periods from 6 to 9 am. and 4to 7
p.m.”). The commute represents 26 percent of the
total household vehicle trips and 20 percent of the
household person trips.” A key characteristic of
U.S. commuting patternsis that worktrips gener-
aly are relatively short and diffuse in both origin
and destination. The mean worktrip is slightly less
than 10 miles long and takes 20 minutes; more
than half are under 6 miles; and less than 4 percent
are more than 30 miles.” And although the pat-
tern of workers living in surrounding areas and
commuting to the central business district (CBD)
may once have been true, in 1980 the CBDs
employed only 9 percent of the workersin their to-
tal urban areas and 3 percent of workers living out-
side the central city. Data for the average urban
area in 1980 illustrate the diffusion of worktrips.
37 percent of the workforce lived and worked in
the central city, 36 percent lived and worked in
fringe areas outside the central city, and the re-
maining 27 percent commuted between central
city and fringe (in both directions) .28 Thisis not a
commuting pattern that can be well served by tran-
sit, or by walking or biking. In fact autos ac-
counted for more than 90 percent of commuting

trips in 1990-a dominance that has been stable
for 20 years .29

As noted above, the diverse commuting pat-
terns of most U.S. cities are not easily served by
mass transit, which depends on large numbers of
travelers having common origin and destination.
Aside from patterns, transit also requires density
of origins and destinations. With a few conspicu-
ous exceptions (e.g., New York City), U.S. cities
have extremely low residential densities, fewer
than eight persons per acre compared with Euro-
pean urban densities 2 to 3 times as high and Asian
densities 10 times higher.” Further, U.S. cities
are far less centralized than European cities, and
they do not tend to mix residential and commer-
cia development (which might promote walking
and bicycling). Instead, a combination of forces
and circumstances—taxation and other policies dis-
cussed above, massive roadbuilding, strong con-
sumer preferences for single-family homes, high
incomes, and the relatively young age of Ameri-
can cities (most either were devel oped after the be-
ginning of the automobile era or experienced
much of their growth during this era)—have
yielded a U.S. urban development pattern charac-
terized by:

[an] undifferentiated mixture of land uses

and a broad plateau of population density . . .

other central places scattered over the urban

landscape challenge the primacy of the historic

CBD.”

25H.W. Richardson and P. Gordon, “New Data and Old Models in Urban Economics,” University of Southern California, preliminary draft,
December 1992, table 3. The precise character of changes in trip purposes is made uncertain by the manner in which trip purpose data are col-
lected. A worktrip interrupted by a stop to run an errand would be counted as a shorter worktrip plus another trip. Because trip “chaining” of
this sort has increased, some of the shift away from worktrips may be an artifact of the data rather than an actual shift.

26 Davis and Morris, op. cit., footnote ], tables 4.9 and 4.10. The vehicle load factor for commutes is Only 1.2, versus|.6 for alltrips.

27L.S.Lowry, “planning for Urban Sprawl, " A Lwk Ahead--Year 2020, Transportation Research Board, Special Report 220, 1988. This
pattern of commuting breaks down only in the extremes of urban development-in very small towns where workers may 1 ive quite far away,
and in large cities of more than 1.25 million people where the sheer size of the area, and the difficulty of optimizing location because so many
households have twu or more workers, cause average worktripsto be longer.

28 Ibid.
29 Davis and Moris, op. cit., footnote |, table 4.11.

30 pG.Newman and J.R. Kenworthy, Cities gnd Automobile Dependence: A Sourcebook (Aldershot, England: Gower Publishing Co,

1989).
31 Lowry, OP. cit., footnote 27.



In other words, central business districts in
most American cities have neither the preponder-
ance of jobs nor the proximity of residential areas.
Residences are now primarily in the suburbs, and
to alarge extent, a significant portion of the busi-
ness community has followed, to gain access to
suburban labor and (for shipping operations and
manufacturing) to interurban transportation.”
Many of these businesses have coal esced into sub-
centers. This produces a complex and multidirec-
tiond travel pattern.

The result is that in 1990 transit carried a mere
5.5 percent of urban commutes, with an additional
3.1 percent walking or bicycling.” For overall na-
tional travel in 1989, buses (excluding school
buses) accounted for only about 45 billion passen-
ger-miles, and trains for only about 26 billion pas-
senger-miles—I1.4 and 0.8 percent, respective-
ly,*of atotal of more than 3 trillion passenger-
miles for al vehicular modes.

Estimating or comparing the energy intensities
of different passenger travel modes is confusing
and often controversial because much of the col-
lected data are not specific about trip purposes for
each mode, and the different modes often compete
with each other only (or primarily) for specific
types of trips. Also, the energy intensity of the ve-
hicles tells a limited story, since a great deal of en-
ergy is embedded in each mode's capital infra-
structure and expended in ancillary activities such

32 Richardson and Gordon. op. cit., footnote 25.
33 Da\ is and Morris, op. cit.. footnote 1, table 3.16.

31bid., table 2.1 2.
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as powering stations, repairing roadways and
guideways, and so forth. Further, national aver-
ages hide large variations from city to city, be-
cause average auto travel speeds vary greatly
among cities, and the service and physical charac-
teristics of public transport systems (especially
rail) vary greatly as well. In the following discus-
sion, only vehicular energy use is considered, and
the focus is on national averages.

In city travel, the energy efficiency of different
passenger travel modes has tended to converge
somewhat over the past few decades, as auto travel
has grown more efficient and public transporta-
tion has declined in efficiency. When the same
types of trips are compared, however, transit prab-
ably still retains an edge 35,|n hlghway or Int Clty
travel, bus transit, at least, remains substantially
superior to auto. In 1989, the fuel intensity of pri-
vate autos was 6,095 Btus per vehicle-mile®
(about 20.3 mpg™), or 4,063 Btus per passenger-
mile (p-m) when the load factor of about 1.5 pas-
sengers per auto is accounted for. The intensity of
personal light trucks was about 6,605 Btu/p-m in
1989. For city travel, the intensity of autos was
about 4,510 Btu/p-m, and of light trucks, about
7,340 Btu./p-m.*For worktrips, however, the in-
tensity is higher—about 6,150 and 9,340 Btu/
p-m, respectively (given aload factor of 1.1 ). For
highway travel, auto intensity was about 3,470
Btu/p-m, and light truck intensity about 5,650

3 How ey er appropriate companson of the energy intensities of competing modes requires sophisticated evaluation of specifictrips. As

discussed inthe sectionon public transportation in ch. 4, these comparisons should account for a variety of factors, including trip circuity, travel

conditions, and trav eler characteristics.

3 Davis and Morris, op. cit., footnote 1. table 2.12.

37 s Department of Energy, Energy Information Administration, Annual Energy Review 1991, DOE/EIA-0384(9 1) (Washington, «

June 1992), table 23.

wyf city fuel economy is.about 90 percent of th,combined highway-city value. This fraction holds fairly we]] for new car and light truck

EPA fuel economy values. after adjusting for’ the different factors applied to city and combined fuel economy (0.90 and 0.85, respectively) to
estimate on-road fuel economy. Based on Heavenrich et al., “Light-Duty Automotive Technology and Fuel Economy Trends Through 1991 ¢
EPA AA CTAB91-02 (Ann Arbor, MI U.S. Environmental Protection Agency, May 1991), table 1. A possible flaw in this estimate is that it
does notaccountfor differences in load factor for city and highway travel; presumably, highway load factor will be higher.
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Btu/p-m.* For long trips with higher load factors,
however, the intensity is lower-perhaps 2,480
for autos (by assuming 2.1 persons per auto).”
For comparison’s sake, the fuel intensity of
transit buses was about 3,711 Btu/p-m, 82 percent
of city auto intensity and 66 percent of city auto
worktrip intensity; the intensity of intercity buses
was 963 Btu/p-m, only 28 percent of highway
auto intensity and perhaps 38 percent of intercity
auto intensity. Rail systems exhibit similar energy
relationships for city travel, but show much less
gain when shifting to intercity travel. Transit and
commuter rail had energy intensities of 3,397 and
3,102 Btu/p-m, 75 and 69 percent of city auto in-
tensity, and 60 and 55 percent of city auto worktrip
intensity, respectively. Intercity rail intensity was
2,731 Btu/p-m, 79 percent of highway auto inten-
sity and 110 percent of intercity auto intensity. Air
passenger travel, comparable with high-load-fac-
tor auto highway travel and intercity bus and rail,
had an energy intensity of 4,796 Btu/p-m.*
Although automobiles continue to dominate
U.S. travel, they face severe competition from
commercia aircraft for trips of a few hundred
miles and longer. As noted earlier, air transporta-
tion captures about 10 percent of the total passen-
ger-miles traveled—447 billion passenger-miles
for commercia aviation plus 12 hillion in general
aviation, in 1989”-—and is the most rapidly
growing segment of the U.S. transportation sys-

tem. In the 1980s air passenger-miles grew at a
rate of more than 7 percent per year.” Air trans-
portation accounts for about 12.5 percent of total
passenger travel energy use, or 1.74 quadrillion
Btu (quads) .44

The U.S. air travel system is extremely central-
ized, with most trips starting and finishing at rela-
tively few major airports. In fact, the 10 largest
airports serve 40 percent of all passenger trips, pri-
marily because of widespread use by major air car-
riers of “hub-and-spoke” routes; the top 100
handle 95 percent of all passenger trips. There are,
however, more than 17,000 airports in the United
States, most being public-use general aviation air-
ports owned by municipalities, counties, or pri-
vate groups, and used primarily by personal and
business aircraft.”

The magjor airports experience substantial ca-
pacity problems and resulting delays, which waste
significant amounts of fuel by idling aircraft on
the runways and keeping arriving planesin hold-
ing patterns. Of the 25 airports with the most de-
lays, Chicago’s O’ Hare ranks first, with total de-
lays exceeding 100,000 hours per year; two
airports have annual delays between 75,000 and
100,000 hours; two more have delays between
50,000 and 75,000 hours; and the remainder are
between 20,000 and 50,000 hours.” If no capac-
ity improvements are made or peak shaving mea-
sures taken, the Federal Aviation Administration

Y 1f highway fuel economy is about 117 pereent of the combined highway-city value. This fraction holds fairly well for new car and light

truck EPA fuel economy values, after adjusting for the differential factors applied to highway and combined fuel economy (0.78 and 0.85, re-
spectively) to estimate on-road tuel economy (based on Heavenrich et al., op. cit, footnote 38, table 1). As before, no account was taken of
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40 Davis and Morris, op. cit.. footnote 1, table 4.10.

41 For auto trips comparable with competing air trips, however, load factor was likely higher than the 1.5 assumed for the auto intensity

estimates.
42 Davis and Morris, op. cit., footnote 1, table 6.2.
4 Ibid.
+1bid., table 2.12.
45 1 F Hombeek, I3
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40 Office of Technology Assessment, op. c¢it., footnote 7.

7 bid.
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Major airports experience substantial capacity problems and resulting delays, which waste significant amounts of fuel by idling
aircraft on the runway and keeping arriving planes in holding patterns

expects 17 airports to move into the 75,000 -hour-
and-up delay category by 1997.48

B Freight Transport

The movement of freight—including everything
from basic materials such as coal and grain to fina
consumer products such as clothing and comput-
ers-consumes about 6 quads of energy per year,

accounting for about 17 percent of total U.S. ail
consumption. “The freight system moves about

3.2 trillion ton-miles of freight per year. Trains
and trucks each carry about 30 percent of this,
barges about 24 percent, oil pipelines 16 percent,
and air less than 1 percent. Energy use for freight
shows a very different pattern than ton-miles.
Trucks dominate freight transport energy use,
accounting for mor e than 80 percent of the to-
tal. Trains and barges are far behind, accounting
for 7 and 6 percent, respectively, of freight trans-
port energy use (table 2-2).

48 Ibid.

49 Davis and Strang, op. cit.. footnote 8, p. 2-7; also table 2-2.

Truck Freight

For nonbulk cargo-mail, perishable food, pack-
aged goods, and so forth-trucks are the dominant
transport mode. In 1989, trucks transported about
30 percent of cargo (table 2-2). In contrast, Euro-
pean freight shippers used trucks for about 64 per-
cent of their shipping requirements, primarily be-
cause European countries do not produce or ship
volumes of bulk goods comparable with the
United States.

Trucks carry a wide range of goods .50 The car-
goes carried by light (less than 5-ton) trucks differ
significantly from those carried by heavy (greater
than 13-ton) trucks. Almost one-third of light
truck miles (excluding passenger only) are for the
movement of craftsman’s equipment; no other
single cargo accounts for more than 10 percent of
light truck miles. Light trucks (excluding pas-
senger only) account for 40 percent of total

50 A more detailed discussion of thetrucking industry can be foundiny s Congress, of ffice of Technology Assessment, Gearing Up for

Safery, OTA-SET-382 (Washington, DC: U.S. Government Printing Office, September 1988), p. 34.
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TABLE 2-2: The U.S. Freight Transport System, 1989

Energy use Ton-miles Expenditures Energy Intensity

(percent) (percent) (percent) Btu/ton-mile index®
Train 7 30 10 427 10
Freight truck 83 29 83 4,924 115
Water (domestic) 6 24 2 403 09
Air cargo 1 <1 3 9,548 224
Oil pipelines 3 16 3 274 06

Total 5.9 quads $311 billion

“intensities are simply energy use divided by ton-males Because cargo carried by the various modes may be very different, intensities are not,

by themselves accurate indicators of energy efficiency

NOTE Data are uncertain Excludes light passenger-only trucks, natural gas and water pipelines, and International movements

SOURCE Oftice of Technology Assessment, 1994

freight truck energy use (table 2-3). These trucks
are typically used for short-distance urban or sub-
urban delivery. The technologies and policies af-
fecting the energy efficiency of these trucks are
quite similar to those for automaobiles. For exam-
ple, most new light trucks are required to meet
Federal fuel efficiency standards.

Significant loads for heavy trucks, in contrast,
include mixed cargo. processed food, and build-
ing material. The heaviest class of trucks, with a

(gross vehicle) weight of more than 13 tons, ac-
counts for over half of truck energy use (table 2-3).
Most of these trucks are the familiar 18-wheel
tractor-trailers with a capacity of 40 tons, and typi-
cally are driven many miles per year (heavy trucks
driven more than 75,000 miles per year account
for more than haf of all heavy truck-miles).”
Most are powered by diesel engines, typically
large (greater than 800-cubic-inch displacement
and 300 horsepower), 6-cylinder units.

TABLE 2-3: Current Truck Fleet, 1987

Light Medium Heavy
Number of units (1 ,000) 11,760 1,700 1820
Energy use (percent of total) 40 9 51
Average miles per gallon 148 74 55
Significant cargo Craftsmen’s Mixed cargo, Mixed cargo,
equipment processed food processed
food,
building
materials

NOTE Excludes trucks used for personal transportation Light- < 10000 pounds, Medium - 10000 to 26000 pounds, Heavy -26,000- pound

SOURCES U S Department of Commerce Bureau of the Census, Truck inventory arm Use Survey, TC87-T-52 (Washington DC August 1990),

and Office of Technology Assessment estimates

S1TU.S. Department of Commerce, Bureau of the Census, Truck Inventory and Use Survey, TC87-T-52 (Washington, DC: August 1990),

pp. 102-106.



The penetration of energy-efficient technolo-
giesinto today’s heavy truck fleet varies.” Some
technologies, such as demand-actuated cooling
fans and air deflectors, are found in ailmost all
units. Other technologies, such as trip recorders
and auxiliary cab heaters (to eliminate engine id-
ling), have achieved relatively low penetration—
less than 25 percent. Trucking firms have paid in-
creased attention to improving driver behavior in
recent years. Some firms have instituted programs
to reward drivers for energy efficiency, for exam-
ple, offering prizes to drivers achieving the high-
est miles per galon.”

Rail Freight

The freight railroad industry is dominated by 13
large Class 1 companies, which collectively ac-
count for_more than 90 percent of railroad freight
revenue.” These companies are regulated by the
Interstate Commerce Commission (ICC), and ex-
tensive data on their operations and performance
are available. The total revenue of these Class 1
firmsin 1991 was $28 billion, Energy accounted
for 7 percent of total operating expenses.”

The railway network consists of 117,000 miles
of track.” This figure has been dropping steadily,
as little-used tracks are abandoned or sold to non-
Class 1 railroads. In comparison, there are more
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than 1.7 million miles of heavy-duty (i.e. ap-
propriate for use by trucks) roads in the United
States.”

Today rolling stock consists of 18,300 operat-
ing locomotives, al of which are diesel-electric,
and about 1.2 million freight cars. Locomotives
are typically rebuilt many times and therefore
have very long lives—about one-third of today’s
fleet was built before 1970.* The relatively slow
turnover of both locomotives and freight cars has
slowed the penetration of energy-efficient
technologies into the railroad system. For exam-
ple, athough since 1985 most new locomotives
have microprocessor controls, improved wheel
dlip detectors, and other energy-efficient technol-
ogies, they represent only about 4 percent of the
operating fleet.” Retrofit technologies have
achieved higher penetration-flange lubricators,
for example. are used by most train companies.
Operational improvements such as improved dis-
patching, pacing, and reduced idling are also be-
coming more common.

Coal accounts for the bulk of train move-
ments—at 41 percent of total train tonnage. Other
significant train movements include farm prod-
ucts ( 10 percent), chemicals and chemical prod-

ucts (9 percent), and nonmetallic minerals (7 per-
cent).” An increasing fraction of train movement

52 This discussion draws from Abacus Technology Corp., “Rail vs. Truck Fuel Efficiency, ™ report prepared for the Federal Railroad Admin-

istration, April 1991, pp. 2-6 to 2-9 and 3-6 to 3-8.

33 For a discussion of these programs, see "Driving for Fuel Economy,”™ Commercial Carrier Journal, April 1993, pp. 67-70.

34 Data in this paragraph are from Association of American Railroads. Ratlroad Facts 1992 (Washington, DC: September 1992), pp. 3, 11.

S5 —~ ~ P e - : - Lol P o PRy s ~ OO0 G oo
“nterstate Commerce Comnussion, Oifice of Economics, franspori Statisiics of ihe Uniied Siaies (w'ashlngum, DU IYYi,pp. Y- 100m-

cludes depreciation expenses.

36 This includes only track owned by Class | railroads and excludes yards, sidings, and parallel lines. Association of American Railroads,

op. cit., footnote 54, p. 44,

57 This excludes unpaved roads and roads with less than 1 inch of pavement. U.S. Department of Transportation, Federal Highway Admin-
istration, Highway Statistics 1991, FHWA-PL-92-025 (Washington, DC: 1992), p. 123.

S8 Association of American Raiiroads, op. cit., footnote 54, p. 45,

59 Abacus Technology Corp., op. cit., footnote 52, pp. 2-3, 3-1.
60 1bid.

61 Agsociation of American Railroads. op. cit.. footnote 54, p. 29. Data arc tons loaded. not ton-miles. Data on ton-miles are not available.
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isin the form of trailers or containers (i.e., inter-
modal shipments, using both train and another
mode), typically carrying manufactured or inter-
mediate goods.”

Waterborne Freight”

The water transport system consists of the inland
waterways, coastal routes, and international
(oceangoing) routes; the system includes about
200 mgjor ports, each handling at least 250,000
tons of cargo annually or having channels deeper
than 20 feet.”Many of the ports have linkages
with truck, rail, and pipeline operations to provide
integrated freight transport service. Although
deep-water serviceiscritical to handling interna-
tional cargo operations, barges and tows carrying
bulk commodities on the Nation's shallow draft
(water depth less than 14 feet) inland and intra-
coastal waterway system are an important compo-
nent of the U.S. freight transport system. The bulk
of inland barge movements occurs on the Missis-
sippi River, the Gulf Coast Intracoastal Water-
ways, and connected waterways. Other significant
inland waterways include the Atlantic Waterway
and the Columbia-Snake Rivers system.

Today’s inland water vessel fleet consists of
about 30,000 barges and 5,000 tugs. Most of these
barges are built for dry cargo and can carry about
1,400 tons apiece. There are also tank barges, with
an average capacity of about 2,700 tons per barge.
The tugs include smaller workboats (typically 500
to 1,000 horsepower) used to maneuver barges
near terminals, and larger line-haul boats (typical-
ly 1,500 to 10,000 horsepower) used for long-dis-
tance towing of barges.

Products carried by barges are quite similar to
those carried by trains. coal accounts for the bulk
of tonnage (30 percent), followed by petroleum

products (19 percent), farm products (13 percent),
and nonmetallic minerals and products (12 per-
cent).”

Air Freight

Air movement of freight includes both “belly
freight,” which is cargo carried on passenger
planes, and all-cargo aircraft. In general, only car-
go with a very high time value (such as perish-
ables, business documents, and speciaized ma-
chinery) travels by air. Although air cargo
movements have been growing very rapidly—al-
most 10 percent per year since 1980—they still ac-
count for only about 1 percent of freight transport
energy use. Air cargo is very energy-intensive, re-
quiring about twice the energy of trucks to move
1 ton 1 mile (table 2-2).

Pipelines

Pipelines carry virtualy al the natural gas and wa-
ter consumed in the United States, as well as about
half of oil and oil product ton-miles.”In the case
of natural gas, the only technical alternative to
movement by pipeline is movement of liquefied
natural gas (LNG) by tanker truck or train, which
is technicaly feasible but often not cost-effective.
Therefore, pipelines will continue to be the prima-
ry carrier of natural gas. Similarly, water will con-
tinue to move almost exclusively by pipeline due
to the cost advantage. Oil, however, is moved by
all modes; athough in areas where pipelines al-
ready exist, they are often the least expensive (and
most energy-efficient) mode.

TRENDS IN U.S. TRANSPORTATION

The previous section presents a snapshot of the
U.S. transportation system. To examine the sys-
tem further and take the first step in projecting its

62 Intermodal Association of North America, 1992 Intermodal Index (Riverdale, MD: December 1992).

63 This discussion draws primarily from the U.S. Army Corps of Engineers, The /992 InfandWaterways Review (Ft. Belvoir, VA: October

1992), pp. ES-5, ES-7, 34-42.
64 Office of Technology Assessment, op. cit., footnote 7.

65u.s. Army Corps of Engineers, op. cit., footnote 63, p. 4. Data are for 1990.

66 Eno Transportation Foundation, Inc., Transportation in America, 9th ed. (Waldorf, MD: 1991),p.59.



future, recent trends in key transportation indica-
tors are discussed briefly here.

The year 1973 was a key turning point for the
U.S. transportation sector. Before 1973, trans-
portation energy use rose strongly and steadily at
about 4.5 percent annually, spurred by strong
growth in travel demand and only modest changes
in efficiency. The great increase in oil prices that
began in 1973, coupled with expectations of very
high future prices, changed the trend line dramati-
caly: after 1973, growth in transportation energy
use dropped sharply, averaging about 1.0 percent
annually between 1973 and 1990.” Even so,
transport energy use grew far more swiftly than
other sectors of the economy, which either de-
clined (industry) or were relatively stagnant (resi-
dential and commercial) after 1973 because of
strong conservation efforts.

I Passenger Travel

Passenger travel was not a primary cause of the
growth in total transportation energy consump-
tion during the 1973-87 period; its energy use
grew only 9 percent during this time.* This slow
growth was accomplished despite trends in per-
sonal vehicle occupancy, volume of passenger
travel, and air travel that are clearly in an energy-
intensive direction. For example, during the
1973-87 period, load factors for autos and light
trucks declined from about 2.0 to 1.7, yielding a

67 Davis and Morris, op. cit., footnote 1 table 2.6,
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15 percent drop in efficiency, all other things be-
ing equal. 69 This trend toward lower load factor
was particularly pronounced in commuting; from
1980 through 1990 there was an extraordinary 35
percent increase in drivers traveling aone to
work, from about 62 million to more than 84 mil -
lion.” Although this rapid increase was due in
part to an overall increase in employment. much
of it was due to a shift away from carpooling. One
clear reason for this trend was rising vehicle avail-
ability, as shown by the growing number of multi-
vehicle households. The percentage of house-
holds with more than one vehicle has risen sharply
over time. from 31 percent in 1969 to 57.9 percent
in 1990.71 In fact, the proportion of households
with three or more vehicles rose from 4.6 percent
in 1969 to 19.5 percent in 1990.”

From 1970 through 1987, the total volume of
travel (in passenger-miles) increased by 2.27 per-

cent per year—a higher growth rate than popul a-
tion. “As discussed in the next section, this

growth reflects a number of changing demograph-
ic factors:

» an increased percentage of working-age per-
sons (between 1980 and 1990, population in-
creased 9.7 percent, while the working-age
population increased 19.1 percent”);

n therisein female workers:

6% L. Schipper et al., “United States Energy Use From 1973 to 1987: The Impacts of Improved Efficiency,” draft, Feb. 14, 1990.

69 |hid.

70 A E. Pisarski, New Perspectives in Commuting (Washington, DC: Federal Highway Administration, July 1992).

7UPS. Hu and J. Young, Summary of Travel Trends, 1990 Natiomwide Personal Transportation Survey, FHWA-PL-92-027 (Washington,
DC: Federal Highway Administration. March 1992), table 4. The 1969 data do not include pickups or other light trucks as household vehicles.

72 Ibid.

73L. Schipperetal.. Lawrence Berkeley Laboratory, “Energy Use in Passenger Transport in OECD Countries: Changes Between 1970 and

1987, LBL-29830, 1991.

T4 Pisarski, op. cit., footnote 70
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= high rates of household formation (between 1980
and 1988, the number of households rose by 13.9
percent, population by 8.5 percent; *) and

.a large increase in the number of automobiles
(from 89 million, or 0.44 per capita, in 1970 to
143 million, or 0.58 per capita, in 1987").

This last factor—rising automobile owner-
ship-is connected, at least in part, to the shifting
form of U.S. cities, which have become increas-
ingly dispersed over the past several decades. For
the last 40 years, 86 percent of U.S. population
growth has been suburban;” growth in rural and
center-city areas has been slow, and many such
areas have lost population. Similarly, job creation
has been skewed to the suburbs: the percentage of
all jobslocated in suburban areas increased from
one-third in 1960 to about one-half in 198078 and
continues to grow. A recent examination of 12 ma-
jor metropolitan areas shows a striking and con-
sistent loss during the period 1982-87 of central-
city job shares in al employment categories
—manufacturing, retail, wholesale, and ser-
vices—as well as employment growth rates in-
creasing with distance from the central city in all
sectors but manufacturing.” Thus, during the last
40 years, the character of U.S. cities changed
markedly: from an employment and residential
pattern focused on the centra city and central
business district, to a shift of population out of the
central city and into the suburbs, and to the subse-
quent movement of employment to the suburbs in

order to gain access to suburban labor and escape
congestion, high land costs, high taxes, and de-
clining services. Richardson and Gordon postu-
late that the current pattern of suburban businesses
coalescing into subcenters may be only a waysta-
tion to an almost totally dispersed land use pat-
tern, as telecommunications reduce the advan-
tages of businesses grouping together even at the
subcenter level.”

This shifting location of residences and jobs
has changed the character of commuting. While
overal rush-hour traffic has been growing be-
cause of disproportionate increases in the number
of working-age adults, the pattern of commuting
has shifted from the traditional suburban-to-city
to a suburban-to-suburban commute. This shift-
ing pattern is an important reason why, in the face
of growing numbers of vehicles vying for basical-
ly the same road space and indications of increas-
ing average worktrip lengths, average travel time
to work has remained virtually unchanged (in two
surveys of changes in commuting times between
1980 and 1990, one shows an increase, the other a
decrease of less than a minute™).”

Finaly, air travel, the most energy-intensive
passenger travel mode, moved from a 4.6 percent
share of passenger-milesin 1977 to 9.9 percent in
1987.% Passenger-miles have grown at a rapid
rate over the past two decades, and the rate has ac-
celerated slightly over time. From 1970 to 1989,
the annual growth rate was 6.6 percent, with a 7.3

75 1 £ Hornbeck Demographic Trends and Transportation Infrastructure, 90-551 E (Wash ington, DC: Congressional Research Service,

Nov. 28, 1990).
76 Davis 2nd Morris, op. cit., footnote ], tables 1.1,1.3.

M %
77 Hombeck, ©P- cit., footnote ™.

78 Ibid.

79 p. Gordon and H.W. Richardson, University of Southern Califomia, -L._A. Lost and Found,” unpublished report, May 1992.

80 Richardson and Gordon, op. cit., footnote 25.

8 | Pisarski, op. cit., footnote 70.

82 Two other factors are th.sheer size ,f th,commuting population (large time delays due to ctmgestit)n-hundreds of roil] ions of hours

per year--could occur without substantially increasing the average commuting time) and a substantial excess capacity of roadway that needed

to be worked off before significant congestion began.

83 Davis and Morris, op. cit., footnote 1, table 1.1.



percent rate for the period 1982-89.84The increase
in actual energy use has been slower, however, be-
cause of increased energy efficiencies stemming
from higher load factors, use of larger aircraft,
gradually lengthening trips (the cruise portion of
an aircraft trip is the most energy-efficient part),
and improved technology. During 1970-89, the
annual growth rate of energy use has been only 2.3
percent, less than half the growth rate of passen-
ger-miles.

Most of the effect of the energy-intensifying
changes in passenger travel was nullified by large
increases in vehicle efficiency during the period
1973-87: the automoblle fleet improved from
about 13.3 to 19.2 mpg,” & 43 percent improve-
ment in efficiency, and the entire light-duty fleet
(autos and personal light trucks) improved from
about 13.0 to 17.5 mpg, a 26 percent increase. *
The lower figure for the light-duty fleet reflects
the smaller increase in fuel efficiency of light
trucks during this period as well asthe growth in
fleet penetration of these lower-efficiency ve-
hicles.

Increasing the modal share of masstransitisa
key component of most strategies to reduce trans-
portation energy use and pollution. Past trends in
transit usage are not, however, encouraging. In the
1950s and 1960s, transit ridership declined to less
than half of pre-World War 1l levels; virtualy no
subsidies were available during this period, how-

84 Ibid.

%S Energy Information Administration, op. Cit., footnote 37.
86 Schipper ¢ al., op. i, footnote 68.

87pucher, Op. cit., footnote 12,

88 Pisarski, op. cit.. footnote 70.
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ever.” Although subsidy levels increased 14-fold

in the 1970s, there was little change in ridership.
The number of workers who commute by transit
actually declined between 1980 and 1990 by
about 100,000 riders, or from 6.4 to 5.3 percent of
all workers. “However, data from the American
Public Transit Association for al trip purposes in-
dicate agradual increase in unlinked transit trips
(a complete trip may include a few unlinked trip
segments) from about 1975 to the present—from
7.3 billion to 9.1 billion trips,”an increase of
about 1.6 percent ayear.” According to the Na-
tionwide Persona Transportation Survey, howev-
er, total transit person trips have been relatively
stagnant over the past two decades, starting at
about 4.9 hillion in 1969, reaching a high of about
5.5 hillion in 1983, and dropping again to 4.9 bil-
lion in 1990.”

Part of this stagnation in mass transit use un-
doubtedly is due to the sharp rise in multivehicle
households, which discourages transit trips. Also,
the number of households with no vehicles—
prime transit candidates—has declined sharply,
from nearly 13 million, or 20.6 percent, in 1969 to
less than 9 million, or 9.2 percent, in 1990.*
Pucher also attributes this stagnation to the fun-
neling of most subsidy resources to expensive rap-
id rail systems, which created few new transit
trips”and drew most of their ridership from buses.

89 A merican Public Transit Association, 1990 Transit Fact Book (Washington, DC: September | 990),table 17.

90 Unfortunately, interpretmg this increa S€ 1s di fficult because ncarly hal f of the added trips were on heavy rail systems. Many heavy rail

trips generate home-to-station and work-to-station bus trips that are not independent transit trips but inflate the selected statistic: many of the
new trips are probably statistical artifacts, i.e.. transit users went from one long bus trip (one unlinked transit tl’lp) to a short bus trip to the rail

statton and a long rail tnip (two unlinked transit trips).
91Hu and Young. op. cit. tootnote 7 1, table | 6.
921 bid., table 4.

9* Pucher, op. cit., footnote 12.
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1 Freight

Much transportation energy growth after 1973
was due to freight transport energy use, which in-
creased 37 percent between 1973 and 1987; pas-
senger energy use, as noted earlier, grew only 9
percent during this period. The growth in freight
energy use was nearly 2.3 percent per year during
this time, in contrast to a growth in freight volume
of only 1.2 percent annually, much slower than the
rate of economic growth.

Why did freight levels grow more slowly than
the economy? First, the economy has gradually
shifted away from basic materials and toward
greater consumption of services and higher-value-
added goods_g“Although production of raw mate-
rials (such as coal and minerals) has increased,
production of manufactured goods has grown
much faster (table 2-4). And consumption of ser-
vices—health, legal, amusement, education, and
so on—nhas grown much more rapidly than con-
sumption of goods. In 1970 goods accounted for
46 percent of the gross domestic product (GDP),
while services accounted for 43 percent; in 1990
these numbers were 39 and51 percent, respective-

TABLE 2-4: Changes in Production of Selected

Materials and Goods (production index, 1970 = 1.00)

1970 1990
Raw materials
Coal production 100 155
Crude 011 production 100 076
Mining 100 102
All crops 100 148
Primary metals 100 094
Manufactured goods
Instruments 100 301
Electrical machinery 100 275
Rubber and plastic products 100 293

SOURCE U S Department of Commerce Bureau of the Cen-
sus Statistical Abstract of the United States (Washington, D C
1992), pp 563, 657, 745

ly.*This slowed freight tonnage growth, because
services generate additions to gross national prod-
uct (GNP) with fewer goods that require ship-
ment; services also make use of higher-value-add-
ed goods that weigh far less per dollar of value
than raw materials. Second, increased imports re-
duced freight because much of the U.S. market is
close to the coasts and to ports of entry, thereby re-
ducing domestic shipping distances.

Changes in the nature of goods being shipped
were reflected in changes in shipping modes. Over
the last 20 years, movements by train and barge,
which typicaly carry basic commodities (such as
coal, farm products, and chemicals), grew slowly.
Over the same period, truck and air freight move-
ments, which carry greater value-added goods,
grew more rapidly—in excess of GNP growth.
Truck and air generally reguire more energy than
trains and barges, therefore, these economic shifts
have resulted in relatively rapid growth in freight
transport energy use despite slow growth in total
tonnage.

Other mgjor trends have influenced the form
and energy use of the freight transport system.
Major Federal legidlation was passed that partially
deregulated portions of the system and generally
encouraged competition. The Regional Rail Reor-
ganization ( 1973) and Railroad Revitalization and
Regulatory Reform (1976) Acts provided finan-
cia support for bankrupt train companies and re-
laxed some rate regulation by the Interstate Com-
merce Commission. The Staggers Act ( 1980)
removed regulatory control of markets in which
train companies faced substantial competition,
and streamlined regulations relating to company
mergers and track abandonment. The Motor Car-
rier Act of 1980 reduced restrictions on entry and
expansion in the trucking industry and relaxed
various regulations related to trucking. The Sur-
face Transportation Assistance Act ( 1982) super-

94 The shift toless material-intensive consumer goods is discussed in R. Williams etal., ““Materials, Affluence, and Industrial Energy Use, "

Annual Review 0f Energy,vol. 12,1 987.

93 The remainder was for structures. U.S. Department of Commerce, Bureau of the Census, Statistical Abstract gf the United States (Wash-

ington, DC: 1992), p. 430.



sealed certain State requirements on size and
weight limits for trucks. These regulatory changes
have resulted in greater competition, both within
and among modes.

Another major influence on freight transport
has been the growth of intermodal movements. In-
termodalism usually refers to the carriage of trail-
ers and containers by trains, with delivery to and
from train terminals by truck, but can also refer to
the use of barges or open ocean ships to transport
containers, which are then moved by train or
truck. Several innovative technologies have been
implemented, including sealed containers that can
be moved by train, barge, or truck; roadrailers
(truck trailers that can ride directly on train
tracks); piggybacking (putting truck trailers on
railcars); and double-stack containers (putting
two levels of truck-size containers onto railcars).
Intermodal loadings on freight trains grew at an
average annual rate of 4.9 percent from 1970 to
1990.*By 1991 their movements accounted for
over 10 percent of all freight ton-miles.”

As noted above, freight energy use grew nearly
twice as rapidly as freight volume. An important
factor in the increase in freight energy use over the
past few decades has been the rise in truck use
(since trucks are second only to airfreight in ener-
gy intensity). From 1970 to 1990, heavy truck en-
ergy userose at a4.1 percent annual rate, or 125
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percent for the period.”Heavy trucks began the
period by accounting for 9.8 percent of total trans-
portation energy, and ended it accounting for 15.6
percent. “ Over these 20 years, there was only a
modest improvement in truck fleet fuel economy
(miles per gallon), with combination trucks im-
proving from 4.8 to 5.5 mpg and larger single-unit
trucks (with more than two axles or four tires) im-
proving from 6.8 to 7.3 mpg. In addition, the fuel
economy of automobiles increased more than
three times as quickly as that of combination
trucks during this period.””

Countervailing factors yielded small gainsin
truck fuel economy during the past two decades.
Factors that contributed to improved fuel econo-
my included technical improvements and in-
creased trip lengths. Technologies implemented
in recent years include eectronic engine controls,
demand-actuated cooling fans, intercoolers, aero-
dynamic improvements, low-profile radial tires,
and multipletrailers. Market penetration of these
technologies varies, athough some, such as cab-
top air deflectors, are found in almost all heavy
trucks. ' Increased average trip length—from
263 miles in 1970 to 389 miles in 1989—has also
improved fuel economy due to the inherent effi-
ciency advantage of longer trips.*

Factors hindering increased truck freight fuel
economy included increased highway speeds,

96 Loadings defined as the number of trailers and containers loaded on trains. Association of American Railroads, 0p. Cl 1., footnote S4.p.

26.

97Interstate Commerce Commission, office of Economics, Transport Statistics in the United States—Railroads, Part I (Wash ington, PC

1991), p. 27.

98 Davis and Strang, op. cit., footnote 8, p. 2-18. Excludes 2-axle, 4-tire trucks.

99 Ibid.

100 Thatis 2.2 percent/yr versus 07 percentyr, from Ibid., PP. 3-23, 3-42. Data are for fleet averages. Miles per gallon is notan ideal indlca-

tor of efficiency for trucks because it fails to reflect changes in truck size, loads earned, and other variables. Data onBtu per t(~n-mile, which
doaccount for some of these variables, are scarce; however, existing data show much the same pattern as miles per gallon (l.c.. veryslight

improvement over the last 20 years).

101 Due inpart t. these technical improvements, certain classes of trucks showed relatively rapid improvements i fuel efficiency. See. for

example, Energy and Environmental Analysis, “Analysis of Heavy Duty Truck Fuel Efficiency to 200 1, report prepared for the U.S.Environ-

mental Protection Agency, September 1991, p. 2-24.

102 Mjeage data from Eno Transportation Foundation,” Inc.gp. cit., footnote 66, p. 7 |. Much of the increase in T p length occurred from

1970 to 1980 and may have been due in part to shifts from trains; trip length increased little after 1980 due in part to the growthinintermodal

freight movement.
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changes in the truck fleets, and the long lives of
truck engines. In general, higher speeds are less
efficient due to greater wind resistance. **Aver-
age vehicle speed on both urban and rural roads
has been steadily increasing. * Also, in 1987
States were alowed to increase speed limits to 65
mph on certain highways; since then, many States
have done so. Over the last 20 years, larger trucks
(which use more energy per mile, but less per ton-
mile) have accounted for a growing fraction of the
total truck fleet. And the average heavy truck en-
gine is rebuilt several times (in contrast to auto-
mobile engines, which are rarely rebuilt) and may
travel well over a million miles before being re-
tired."” This leads to very slow penetration of
new technologies that cannot easily be retrofit to
existing engines. For example, less than 10 per-
cent of the current truck fleet have electronic en-
gine controls.

While truck energy use was rising rapidly, rail
energy use actually declined by 15 per-
cent *--despite a 35 percent increase in ton-
miles. Three key factors contributing to the gain in
rail efficiency are:

1. Increase in average trip lengths—from 515
miles in 1970 to 751 milesin 1991." Longer
trips are more energy efficient due to fewer
stops and greater sustained speeds.™

2. Operations and communications improve-
ments. Improved routing, scheduling, and
overal operations reduced empty car-miles, a-
lowed for better matching of locomotives and
loads, and minimized stops and starts.

3. Technical improvements, including reduced
locomotive idling speeds, improved sizing of
auxiliary loads, improved wheel-slip detection,
greater use of flange lubricators, weight reduc-
tion, and aerodynamic improvements.™

In addition, the fraction of total railcars occu-
pied by trailers and/or containers (i.e., intermodal
shipments) has grown very rapidly since 1970, but
it is not clear how this has affected the energy effi-
ciency of therail system.

During the period 1970-90, water-based freight
transport had a moderate growth in ton-miles,
much of it coming from increased movement of
coal, farm products, and chemicals." This mode
also showed a small improvement in energy inten-
sity: Btu per ton-mile improved at an average
annual rate of 0.7 percent from 1970 to 1989. Both
technical and operational factors contributed to
this improvement:

.improved engines, with greater use of fuel man-
agement computer systems;

.improved matching of barges and tugs,

.improved operations aided by computers;

103 For example, increasing speed from 55 to 70 mph more than doubles the power required.

104 1 S Department of Transportation, Research and Special Programs Administration, National Transportation Statistics, Annual Report,

DOT-L 'N NTSC-RSPA-92- | (Washington, DC June1992), p. 62; U.S. Department of Transportation, Federal Highway Administration, Highw ay

Staristics 199/, FHWA-PL-92-025 (Washington, DC: 1992 ), p. 202.

105 1. Sachs t. | al. HeavviruckFuel Economy (Washington, DC: American Council for an Energy -Efficient Economy, January1992).

p. 3

106 Based onasample of medium-and heavy-duty truck fleets. Abacus Technology Corp., op. cit., footnote 52, p. 3-6.

| 07 Dgy 15 and Strang, op. ¢ 1t., footnote 8. p. 6-26.

108 Association of American Railroads, op. cit., footnote 54, p. 36. One contributionto this increase was the closing of smaller and less

utilized stations.

1@ With mostlonger [rips. a smaller percentage of the trip will be under congested urban conditions that degrade energy efficiency.

110 Abacus Technology Corp., op. cit., footnote 52, pp. 2.1-2.6

.S, Army Corps of Engineers, The U.S. Waterway Transporiation System: A Review (Ft. Belvoir, VA: April 1989), p. 13.



.improved channels and locks; and
.use of larger barges and tugs.

Final] y, air freight has grown rapid] y during the
past two decades, yet still accounts for a very
small fraction of total freight ton-miles and total
freight energy use. By one estimate, the energy ef-
ficiency of commercia aircraft (predominantly
passenger transport, but including freight trans-
port) has doubled since the early 1970s. Technical
and operational factors contributing to this in-
clude improved aerodynamics. more efficient en-
gines, and reduced aircraft weight."™

FORECASTING TRANSPORTATION
ENERGY CONSUMPTION

Projections of future transportation energy con-
sumption can play a powerful role in shaping
policy by identifying emerging problems, pin-
pointing areas for energy savings, and providing
a context within which to judge alternative policy
options. For example, forecasts of continued rapid
growth in travel demand, showing that reasonable
levels of mobility cannot be maintained by “busi-
ness as usua, " could provide an impetus for radi-
cal transportation policies that involve increasing
urban residential densities and otherwise revers-
ing the decline of central cities, On the other hand,
forecasts that travel growth will slow drastically
from previous levels would allow policymakers to
proceed comfortably with technology-based solu-
tions to urban congestion and pollution, and to
avoid considering more drastic solutions.

This section examines the factors that will af-
fect transportation energy consumption and de-
scribes some existing forecasts of transportation
energy use. The basic focus is on energy use under
normal market conditions (e.g., without major

Chapter 2 Where We Are, Where We're Going | 53

new government programs or changes in the un-
derlying regulatory structure).

B General Considerations—
Factors That Will Affect Transportation
Energy Consumption

Light-Duty Vehicles-Travel Demand

Both components of light-duty vehicle energy
use—travel demand, measured as vehicle-miles
traveled (vmt ). and energy efficiency, meusured as
vehicle fuel economy in miles per gallon-have
grown robustly during the past 15 years, largely
canceling each other out in terms of changes in
overall fuel use. Over the next few decades, the
rate of change of both factorsis likely to decrease.

Light-duty vmt is widely expected to continue
to rise. though not as rapidly as before. The rate of
increase in light-duty passenger vmt between
1970 and 1990 was very large—about 3.3 percent
per year. with auto travel growing at a somewhat
slower rate (2.6 percent per year) and light truck
travel growing at a much higher rate (6.9 percent
per year).  (This represents al 2-axle, 4-tire
trucks. not just trucks for personal use; for 1989,
such trucks totaled 457 billion miles traveled,
whereas personal trucks were only 290 bill ion
miles. )™ And the rate of increase in total light-
duty travel became higher during 1982 -88—3.9
percent per year.

As shown in figure 2-2, the rise in vmt over the
past several decades has been almost constant, be-
cause expected “saturation points’ in auto owner-
ship and travel demand did not occur. Initial as-
sumptions that vehicle saturation would occur at
one vehicle per household were surpassed in the
United States in the 1930s. Then, a proposed satu-

12D, Greene. “Energy-Efficiency Improvement Potential of Commercial Aircraft.” Annual Review of Energy and the Environment. vol.

17,1992, pp. 537-573.

13 Davis and Strang. op. cit.. footnote 8, table 3.2.

H4S.C. Davisand P.S. Hu, Transportation Energy Data Book.ed. 11, ORNL-6659 (Oak Ridge. TN: Oak Ridge National Laboratory, Janu-

ary 1991).
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FIGURE 2-2: Growth in Passenger Auto
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ration point of one vehicle per worker was sur-
passed in the mid-1960s. Expected saturation of
one vehicle for each licensed driver was surpassed
in 1983.5 And for the past 30 years, vmt per ve-
hicle has remained at about 10,000 per year. driv-
ing total U.S. vmt upward at the rate of expansion
of the fleet.”* The year-by-year increase in travel
faltered only twice, and then for very brief periods
when gasoline supply problems were coupled
with very sharp price increases.

More than half of the increase in vmt over the
past 15 years can be attributed to an increase in the
number of adults of driving age. The remainder
was due to increased driving per licensed driver
and a greater proportion of licensed drivers in the

population (the latter due largely to the increased
number of women in the workforce).

As noted, the future growth rate for vmt is
widely expected to be lower—and possibly much
lower—than the 3.3 percent per year rate of the
1970-90 period. Although the Office of Technolo-
gy Assessment agrees that a decreased growth rate
does appear to be likely, there is considerable
room for argument about the extent and likelihood
of the decrease. On the one hand, the stability of
vehicle mileage trends in the past argues for cau-
tion in projecting a significant decrease; on the
other hand, demographic factors do seem to argue
for such a decrease. Some factors that will affect
future vmt are discussed below.

Women in the workforce

During the past few decades, the growing share of
women working, and therefore needing to com-
mute, has contributed significantly to rising levels
of light-duty vehicle travel. The percentage of
adult working women rose from 37 in 1969, to 48
in 1983, and to 56 in 1990.117 Of those working,
the percentage with driver’s licenses rose from 74
in 1969 to 91 in 1983. By 1990, women made up
46 percent of the total workforce, up from 27 per-
cent in 1947.1 Further increases in the share of
women working will continue to affect the de-
mand for transportation services during the next
few decades, but probably at a Slower rate because
the current percentage of working women is high.
However, fully 74 percent of adult males are
employed,” compared with 56 percent of adult
femaes. Although it is hard to foresee the propor-
tion of women working soon reaching 74 percent,
the gap in employment rates between men and
women of 18 percent does indicate a potential for
continuation of the past trend.

1S P.D. Patterson, " Analysis of Future Transportation Petroleum Demand and Efficiency Improvements, ” paper presented at the IEA Ener-

gy Demand Analysis Symposium, Paris, France, Oct. 12-14, 1987.

116 Ibid.
117 Hy and Young, op. cit.. footnote 71, table 1.

118 CaLa\ e, "Future Growth of Auto Travelin the U. S.: A Non-problem,” Energy and Environment inthe 2 I'st Century, paper presented

at the Massachusetts Institute of Technology Conference, Mar. 26-28, 1990.

119 H, and Young, op. cit.. footnote 7 1, table 1.



The fact that women, working or not, still do
not drive nearly as much as men (9,500 miles
annually per licensed female versus 16,500 miles
per year per licensed male ™ appears to leave
open the possibility that future shifts in lifestyles
among women could drive vmt at a higher rate
than predicted. However, a substantial part of the
vmt gap between men and women appears to be
caused by the socia custom of men being the pri-
mary drivers for recreation, family, and social
travel . Were this custom to change. vmt would
be redistributed but not increased. A further ex-
amination of the reasons for the vmt gap between
men and women drivers would be useful in illumi-
nating the potentia for closing this gap. One inter-
esting area for examination is that women in-
comes are still significantly lower than men’s, and
travel increases with income,”which implies
that if women’sincomes rise in comparison with
men's, their travel will increase. Also, it islikely
that a higher percentage of women than men work
in nonspecialized service jobs relatively close to
home, with correspondingly shorter commuting
trip lengths. In 1990, women commuting in urban
areas traveled an average of 8.35 miles in autos
and 7.38 miles in passenger vans, versus 10.79
and 13.11 miles, respectively. for men.” Over
time. if the status of women'’s jobs becomes closer
to that of men, women commuting trips should
grow longer.

Number of adults
The growth rate in adults of driving age will slow
as the baby boom passes. After 2010, however. the

1207hid.. table 17.

121 Lave, vp. cit.. footnote 118,
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rate of increase will depend on future birth rates,
which are uncertain. A recent surge in birth rates
points out the danger in assuming that trends will
continue. Also, potential fluctuation in immigra-
tion rates introduces an important uncertainty.

To compare expected growth rates of driving-
age adults with former rates of growth, the number
of driving-age adults grew at 1.7 percent a year
from 1970 to 1986, and the average 1988-2010
rate expected b}/ the Bureau of Censusis 0.7 per-
cent per year.  Given the importance Of the in-
crease in number Of driving-age adults to past vmt
increases, this expected decline in the growth rate
of adult drivers is probably the largest single fac-
tor in predictions of lower vmt growth rates.

The aging of the population has an effect on
vmt as well. The ratio of young drivers to those of
retirement age is expected to decline by 23 per-
cent from 1991 to 2010,” yielding a 3 percent
decline in vmt according to Energy Information
Administration projections. However, it seems
unlikely that drivers of retirement age in 2010 will
exhibit the same travel behavior relative to youn-
ger drivers as today do because they will have
grown up accustomed to high (auto) mobility; so
this expected drag on vmt growth is probably
overstated.

Vehicle load factor

A substantial portion of previous increases in vmt
can be attributed to the increased number of
households with multiple vehicles (in 1969, 31
percent of households had two or more autos; in

122 For example, for households with four or more members, annual vt per household rises steadily with income, from 6,067 vmt for annu-
al household incomes less than $10.000 10 23,879 vint for incomes greater than $40,000. U.S. Department of Transportation, Federal Highway
Administration. 1983-1984 National Personal Travel Survey, Volume 2. Personal Travel in the U.S. (Washington, DC: November 1986).

123 1990 National Personal Transportation Survey data provided by Elaine Murakami, Federal Highway Administration.

124 Reno, op. cit., footnote 3.

125 (7.S. Department of Commerce. Bureau of the Census, “Current Population Reports, ™ Series P-25, No. 1018, Projections of the Popula-
tion of the United States, by Age, Sex, and Race: 1988 to 2080 (Washington, DC: January 1989), cited in U.S. Department of Energy, Energy
Information Administration. Asswmptions for the Annual Energy Outiook 1993, DOE/EIA-0527(93) (Washington, DC: January 1993).
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1990, 58 percent did*) and the consequent de-
crease in trip sharing among household members.
According to the National Personal Transporta-
tion Survey, the load factor for passenger cars was
1.91in 1969 and 1.6 in 1990. Thus, the 1969-90 de-
crease in load factor by itself accounted for a 16
percent increase in vmt during this period. Al-
though vehicle load factor could continue to de-
cline, the rate of declineis likely to be less since
the vaiue cannot go beiow 1.0. This could' slow the
rate of vmt increase.

Availability of vehicles

Since the lack of access to a vehicle strongly
constrains personal travel in most areas. vmt
growth is fed by increases in vehicle availability.
Because many adults own multiple vehicles, the
near unit y of the ratio of personal vehicles to driv-
ing-age adults * does not imply that all driving-
age adults have access to a vehicle; many adults
remain whose personal vmt would increase if they
obtained such access. Nevertheless, the fraction of
potential drivers without access to vehicles is
much smaller now than 20 years ago, and the po-
tential for growth in vehicle access—and in-
creased vmt from this growth-is thus much low-
er. Also, an unknown fraction of these "no-vehi-
cle” adults cannot drive (because of illness or dis-
ability) or, perhaps because they live in high-den-
sity inner cities, have little need of avehicle. On
the other hand, although data are lacking, there
likely are many vehicles whose condition does not
allow them to provide afull measure of mobility
to their owners; if these vehicles were replaced
with newer, more reliable ones, the vmt of their
owners might increase.

Possible driving time saturation

among high-mileage drivers

Employed men between 25 and 54 years of age
drive more than any other large group--about

e and Young, 0P+
1 26Hu e cit., footnote 71, table 5.

127 According to Lave (C. Lave

report, 1992), the ratio was 0.95 in 1989.

18,000 miles per year. This represents an average
of 1.5 hours per day spent driving. Although
“common sense” about saturation of driving has
been wrong before, it is at least possible that this
group may be nearing saturation. One important
area of uncertainty is whether a recent trend in
auto design, making the vehicle interior a more
hospitable environment (comfortable seating, ex-
cellent climate control, superb music systems,
availability of telephone communication, etc.),
will increase the likelihood of drivers spending
more time on the road. Another uncertainty is
whether predicted increases in traffic congestion
(see below) will outweigh possible continued in-
creases in average (uncontested) speeds. If con-
gestion finally begins to drive average speeds
down, this will increase the amount of time re-
quired to drive a constant vmt. This implies that
the aready large amount of time spent on driving
will have to increase just to maintain current lev-
els of vmt and that large increases in vmt would
put extraordinary time pressure on drivers. On the
other hand, continued increases in average speeds
will have the opposite effect.

Changing economic structure

The growth in part-time work and shift of the
economy toward more services may lead to in-
creased driving by bringing more individuals into
the workplace and increasing delivery require-
ments. The potential for delivering certain types
of services, especially information, electronicaly
may eventualy substitute for some transporta-
tion, but thus far such trends have not been ob-
served.

Traffic congestion

The increasing congestion of metropolitan areas
will ater travel patterns, Congestion will decrease
the fuel efficiency of those trips that are made; dis-
courage other trips (or shift them to public trans-
portation or to the electronic media where pos-

" Univ ersity of California, Irvine, “The Spread of the Automobile Demon: What Can We Do?"" unpublished



sible); encourage some people to work closer to
home or move closer to work; and encourage busi-
nesses to move to the less congested fringes, in-
creasing travel requirements. The net effect on
fuel demand is unpredictable, although growing
congestion is likely to act as a brake on vmt
growth.

Development patterns

There is a strong correlation between vmt and de-
velopment patterns, particularly urban density:
residents of dense inner cores, for example, tend
to drive and travel less than residents of low-den-
sity fringe areas. Although increasing traffic con-
gestion might promote some movement of resi-
dences and businesses as noted above, few
analysts expect important national changes in the
current suburban pattern of U.S. development.™”
One important development pattern to watch is
the potential for persons working in the suburbs to
move into rural areas, with substantial increases in
commute distances as well as longer trips to shop-
ping and other services.

Conclusion

In OTA’sjudgment, the most predictable aspects
of the above factors affecting future light-duty
vmt are as follows: the lower number of persons
reaching driving age (although high immigration
rates could offset somewhat the passage of the
baby boom), the likely slowdown of the effects of
women entering the workforce and adults of driv-
ing age gaining new access to vehicles, the likeli-
hood that vehicle load factor will not decrease as
rapidly as it has in the past, and the continuing
spread of suburban development. The first three
factors act to slow vmt growth, although the effect
of a dowdown in women entering the work force
is uncertain; there is still room for the character

128 Reno, op. cit., footnote 3.
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of women'’s jobs to change substantially. with the
potential for significant increases in the length of
their commuting trips. The last factor will contrib-
ute to vmt growth. Claims that the number of ve-
hicles per driving-age adult is close to saturation
should be viewed with some skepticism in light of
the fate of past claims of vehicle saturation and un-
certainty about the ability of many registered ve-
hicles to deliver full accessibility y to driving (espe-
cialy given the aging of the fleet). Further, many
determinants of transportation demand (e.g., gas-
oline prices, persona income, vehicle characteris-
tics) are likely to change in hard-to-predict ways
over the next few decades, and we do not fully un-
derstand how demand will respond to changesin
these determinants.”

The uncertainty associated with the various
factors affecting travel demand probably allows a
range of feasible vmt growth rates of 1.5 to 3 per-
cent, without considering the potential for future
oil price shocks. An unexpected largeincrease in
gasoline costs, or supply problems. could cause
the growth in personal travel demand to fall below
these levels or even to become negative for atime.
A period of price stability and continuation of im-
provements in vehicle designs would make the
high end of the range more plausible. Although
OTA believes that this is a lower-probability out-
come, the 3.3 percent increase in total vehicular
traffic between July 1991 and July 1992, which
followed a year of vmt stagnation (perhaps reces-
sion-driven), forces caution in predicting that the
long-term trend in vmt growth, which had been
stable so long, will now turn downward.

Light Duty Vehicles—Fuel Economy

As discussed earlier, the fuel economy of the
light-duty fleet has grown substantially, slowed
only by a shift in consumer preference for light

129 E.L. Hillsman and F. Southworth, ““Factors That May Influence Responses of the U.S. Transportation Sector to Policies for Reducing

Greenhouse Gas Emissions,”™ Transporiation Research Record No. 1267, Global Warming: Transportation and Energy Considerations 1990

(Washington, DC: Transportation Rescarch Board, 1990).

130 Federal Highway Administration, Traffic Volume Trends, July 1992 (Washington, DC: U.S. Department of Transportation), data sum-

mary.
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trucks, which are less fuel-efficient than automo-
biles. New auto fuel economy grew 5.3 percent
annually from 1974 to 1988, from about 14 to 28
mpg (U.S. Environmental Protection Agency rat-
ing). New light-truck fuel economy grew more
slowly, from 18.2 mpg in 1979 to 21.3 mpg in
1988." The on-road fuel economy of the total
fleet grew from 13.1 mpg in 1974 to about 18.4

As discussed in Improving Automobile Fuel
Economy: New Standards, New Approaches,™
future market-driven fuel economy is not likely to
grow rapidly despite the continuing spread of
technologies that could alow substantial im-
provements (see box 2-B for a brief description of
the available technologies). The primary cause of
reduced potential for rapid increases in fleet fuel

mpg in 1988. **

BOX 2-B: Fuel Economy Technologies for Light-Duty Vehicles

Weight reduction Includes three strategies—substitution of lighter-weight materials (e g , aluminum or
plastic for steel), Improvement of packaging efficiency (ie , redesign of drivetrain or Interior to eliminate
wasted space) and technological change that eliminates the need for certain types of equipment or re-
duces the size of equipment

Aerodynamic drag reduction primarily Involves reducing the drag coefficient by smoothing out the ba-
sic shape of the vehicle, raking the windshield, eliminating unnecessary protrusions, controlling airflow un-
der the vehicle (and smoothing out the underside), reducing frontal area, and so forth

Front-wheel drive is now in wide use. Shifting from rear-to front-wheel drive allows mounting engines
transversely reducing the length of the engine compartment, eliminating the transmission tunnel, which
provides Important packaging efficiency gains in the passenger compartment, and eliminating the weight
of the propeller shaft and rear differential and drive axle

Overhead cam (OHC) engines are more efficient than their predecessor pushrod (overhead valve,
OHV) engines through their lower weight, higher output per unit displacement, lower engine friction, and
improved placement of intake and exhaust ports

Four-valve-per-cylinder engines, by adding two extra valves to each cylinder, improve an engine's
ability to feed air and fuel to the cylinder and discharge exhaust, increasing horsepower per unit displace-
ment Higher fuel economy is achieved by downsizing the engine, the greater valve area also reduces
pumping losses, and the more compact combustion chamber geometry and central spark plug location
allow an increase in compression ratio

Intake valve control involves a shift from fixed-tnterval intake valve opening and closing to variable tim-
ing based on engine operating conditions, to yield improved air and fuel feed to cylinders and reduced
pumping loss at low engine loads

Torque converter lockup eliminates losses due to slippage in the fluid coupling between engine and
transmission

(continued)

13 Davis and Hu, op. cit.. footnote 114,
132 Ibid., table 1.7.

133U.S. Congress, Office of Technology Assessment, Improving Automobile Fuel Economy: New Standards, New Approaches,
OTA-E-504 (Washington, DC: U.S. Government Printing Office, October 1991).
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BOX 2-B: Fuel Economy Technologies for Light-Duty Vehicle (cont’d.)

Accessory improvements Include adding a two-speed accessory drive to more closely match engine
output to accessory power requirements plus design Improvements for power-steering pump alternator
and water pump

Four- and five-speed automatic transmissions, and continuously variable transmissions by ad-
ding extra gears to the automatic transmission Increase fuel economy because engine efficiency drops off
when the operating speed moves away from its optimum and the added gears allow the transmission to
keep the engine closer to optimal speed

Electronic transmission controls to measure vehicle and engine speed and other operating condi-

tions allow the transmission to optimize gear selection and timing, keeping the engine closer to optimal
conditions (for either fuel economy or power) than is possible with hydraulic controls

Throttle body and multipoint fuel injection which are in wide use offer Improved control of the air-fuel
mixture and allow the engine to continually adjust this mixture for changing engine conditions Multipoint
also reduces fuel distribution problems

Roller cam followers by shifting to a rolling mechanism, reduce friction losses (Most current valve lift
mechanisms are designed to slide along the camshaft )

Low-friction pistons and rings decrease friction losses by improving manufacturing control of toler-
ances reducing ring tension and improving piston skirt design

Improved tires and lubricants represent a continuation of longstanding t rends toward improved 0il and
tires with lower rolling resistance

Advanced engine friction reduction includes the use of light-weight reciprocating components (tita-
mum or ceramic valves composite connecting rods, aluminum lifters, composite fiber-renforced magne-
sium pistons) and improved manufacturing tolerances to allow better fit of moving parts

Electric power steering isused primarily for cars in the minicompact, subcompact and compact
classes

Lean burn Improves an engine’s thermodynamic efficiency and decreases pumping losses This re-
quires a new generation of catalysts that can reduce nitrogen oxide in a “lean’ environment

Two-stroke engines unlike conventional engines have a power stroke for every ascent and descent of
the piston thus offering a significantly higher output per unit of engine displacement reduced pumping
loss smooth operation and high torque at low speeds and allowing engine downsizing fewer cylinders
(reduced friction losses) and significant weight reduction Also they operate very lean with substantial
efficiency benefits (if nitrogen oxide problems are solved) Compliance with stringent emissions standards
is unproven

Diesel engines (compression-ignition engines) are a proven technology and are significantly more effi-
cient than gasoline two-valve engines even at constant performance new direct Inject lon turbocharged
diesels offer a large fuel savings Although the baseline gasoline engine will Improve in the future a portion
of the Improvements especially engine friction reduction may be used beneficially for diesels as well Use
may be strongly limited by emission regulations and consumer reluctance

Electric hybrids involve combining an electric motor and battery with another power source in one of
multiple combinations Examples Include using a constant-speed engine (Internal combustion or turbine)
as a generator to recharge the battery during longer trips with electric motors driving the wheels and the
battery providing all power for shorter trips and a fuel cell or engine/generator to provide power for the elec-
tric motors with a battery that allows temporary boosts for acceleration or hill climbing (to reduce the re-
quired size of the fuel cell or engine)

SOURCE of ficeof Technology Assessment 1994
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FIGURE 2-3: Auto Fuel Costs vs. Total Costs
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efficiency is lack of strong market pressure for
such increases. With lower gasoline prices (and
lower expectations for price increases), relatively
high nonfuel vehicle operating costs, and the aver-
age fuel economy of most new vehicles aready in
the 20 to 35 mpg range. fuel costs have become a
smaller fraction of total costs (figure 2-3) and fuel
efficiency has declined dramatically in impor-
tance as a factor in choosing a new vehicle. If cost-
effective efficiency improvements are available,
the overall cost savings over vehicle lifetimes of
any efficiency gain will be a small fraction of the
total costs of ownership and operation.”™

Other factors likely to restrain increases in fleet
fuel efficiency include the following:

.Growth in the use of light trucks for passen-
ger travel. Light-truck vmt grew at arate that
was more than five times that of autos between

1970 and 1985; during this period, auto vmt
grew 38 percent while light truck vmt
tripled. ™ (As noted earlier, this seems to be to-
tal 2-axle, 4-tire truck travel, not persona light
truck travel).

- A growing attraction among purchasers of

new automobiles to more powerful (and thus
less fuel-efficient) automobiles. An important
consequence of this consumer preference has
been that drivetrain improvements (such as en-
gines with four valves per cylinder and turbo-
chargers), with the potential to either increase
fuel efficiency (at least in part by reducing en-
gine displacement) or boost horsepower from
previous levels, have been introduced in con-
figurations that emphasize power increases
rather than fuel savings. The performance in-
creases of the 1980s, signified by a reduction in
0- to 60-mph acceleration time of 2.3 seconds
from 1982 to 1990, have caused a more than 8
percent decline in fuel economy-more than 2
mpg—from what it would have been at
1982-level performance.

- Additional luxury and safety equipment on

new cars. Equipment such as power seats, sun-
roofs, and power locks and windows may gain
additional market share and can add significant
weight to the vehicle. Four-wheel drive may
add 150 to 200 pounds per vehicle and decrease
fuel economy by 12 to 15 percent. Safety
equipment such as air bags (30 to 45 pounds)
and antilock brakes (30 to 45 pounds) add fur-
ther weight.

More stringent emission standards, especial-
ly for nitrogen oxides. Meeting the new Tier
1 Federal standards on exhaust and evaporative
hydrocarbons and nitrogen oxides may create
a fuel economy penalty, athough there is con-
troversy about the likelihood of such a penalty.
The Cdlifornia Air Resources Board claims

134 See, forexample, J. Goldemberg et al., Energy for a Sustainable World (Washington, DC: World Resources Institute, September 1987).

135 Patterson, op. cit., footnote 115,

136 K. Hellman, U.S. Environmental Protection Agency, Ann Arbor, M1, personal communication, 1990,



that the new Federal standards, and even more
stringent California standards, can be met with
no reduction in fuel economy.” In contrast,
Energy and Environmental Analysis, Inc.,
which has extensive experience in fuel econo-
my anaysis, projects an average 1 percent fuel
economy penalty from Tier 1 standards. ™
Slower replacement of the automobile fleet,
so that technological improvements intro-
duced into the new fleet will take longer to
diffuse into the total fleet. Whereas in 1969
autos more than 10 years old accounted for only
about 7 percent of vmt and fuel consumed, by
1977 these older vehicles accounted for about
13 percent of vmt and fuel, and by 1983 for al-
most 20 percent of vmt and 23 percent of
fuel.™ Continuation of this trend will slow
fuel economy improvements in the fleet.

= Changes in levels of congestion, highway
speeds, and the share of urban driving, all of
which impact on-road fuel economy. Esti-
mates of future fuel use must account for the
gap between fuel economy as tested by the U.S.
Environmental Protection Agency (EPA) and
the actual fuel economy obtained during driv-
ing. EPA adjustsits new auto test values down-
ward by 15 percent to account for this gap—re-
flecting an assumed 55 to 45 percent split
between urban and highway driving, a 10 per-
cent gap between tested and actual city fuel
economy. and a 22 percent gap between tested
and actua highway fuel economy.
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Recent work by a U.S. Department of Energy
contractor estimates the actual gap for the entire
on-road fleet to be about 15.2 percent for automo-
biles and 24.5 percent for light trucks."*All else
equal, increased levels of congestion, an increas-
ing share of urban travel. and higher highway
speeds would cause this gap to increase.141 Trends
in congestion and urban-rura travel clearly imply
that the first two conditions will occur; and recent
trends toward a higher percentage of vehicles trav-
eling at more than 55 mph and arelatively short-
term upward trend of average highway speed may
indicate a future increase in this latter variable.
The contractor projected a minimum gap of 21.2
percent for automobiles and 29.5 percent for light
trucks by 2010, with substantial potential for a
much larger gap in this time frame with slightly
different assumptions. ~ These estimates should
be treated with caution, however. Much of the new
“urban” travel will likely occur in less congested
suburbs. and ““city” fuel efficiencies may not ap-
ply. Further. EPA regulations requiring on-board
diagnostics, cold temperature carbon monoxide
controls, and improved evaporative emission con-
tgrglpslyyill tend to reduce the tested and on-road

Air Passenger Travel

Passenger travel in commercial aircraft has been
the United States most rapidly growing transport
mode, with revenue passenger-miles increasing at
the very high rate of 6.47 percent ayear between

137 James Lemer., California Air Resources Board, Sacramento, CA| personal communication, Oct. 8, 1993,

138 K.G. Duleep. Energy and Environmental Analysis, Inc.. Arlington, VA personal communication, Nov. 18, 1993,

13918, Department of Encrgy, Assessment of Costs and Benefirs of Flexible and Alternative Fuel Use in the U.S. Transportation Sector.

Progress Report One: Context and Anaivtical Framework, DOE/PE-00R0 (Washington, DC: January 1988).

P aal

140 J.D. Maples, University of Tennessee Transportation Center, Knoxvitle, “The Light Duty Vehicle MPG Gap: fts Size Today and Potential

Impacts in the Future.” draft, November 1992, Another source estimates an 18.7 pereent gap for automobiles and 20.1 percent gap for light

trucks (M.M. Mintz etal., Argonne National Laboratory, " Differences Between EPA-Testand In-Use Fuel Economy: Are the Correction Factors
Correct?” Transportation Research Record. No. 1416 (Washington, DC: National Academy Press, October 1993).

41 Estimated loss in fuel economy for ¢ach mile-per-hour increase in speed between S5 and 65 mpg is 1.78 percent, according to an Oak

Ridge National Laboratory study (Maples, op. cit., footnote 140).

142 Thid.

143 3. German, U.S. Environmental Protection Agencey, Ann Arbor, M1 personal communication, Sept. 30, 1993,
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1970 and 1985.’ 44 At the same time, however, a
combination of improved technical efficiency and
advances in operations essentially doubled over-
all efficiency (measured in Btu per revenue pas-
senger-mile) during the same period, so that actua
energy use rose only at 1.68 percent per year. Dur-
ing the past few decades, commercia aviation has
captured a growing share of intercity travel, pri-
marily from automobiles, and it is likely to contin-
ue to do so even in relatively short hauls of a few
hundred miles unless magjor new competitive sys-
tems (e.g., high-speed rail) are initiated.

In the past, the amount of air travel has ap-
peared to be extremely sensitive to overall eco-
nomic conditions and ticket prices. High econom-
ic growth rates appear to accelerate air travel; thus
travel forecasts will vary depending on assump-
tions about GNP growth rate. If historic trends
continue, any increase in growth of GNP will be
accompanied by an increase in air travel that is
about twice as large, in percentage terms. Similar-
ly, an increase in ticket prices will be met by a de-
crease in travel demand on the order of half as
large. Although ticket prices vary for many rea
sons, the price of jet fuel isamajor influence, so
travel demand will be sensitive to oil prices.

The second component of aviation energy use,
fuel efficiency, will continue to increase. Most air-
lines are renewing their fleets (athough the finan-
cia difficulties experienced recently by many air-
lines will slow the rate of renewa), and the new
airplanes are substantially more efficient. Near-
term technologies used to enhance fuel efficiency
include advanced electronic controls, higher pres-
sure ratios and turbine entry temperatures for en-
gines, and use of composite materials that reduce
airframe weight. Future technologies include con-
tinuing improvements in compressor and turbine

efficiency, more extensive use of composites and
other advanced materials, use of new engines such
as the ultrahigh bypass turbofan and the propfan,
and use of active controls for aerodynamic sur-
faces, to minimize drag. ~ Because fuel prices
have been relatively low, there is some doubt
about the likely speed of introduction of some new
technologies (e.g., the propfan). Box 2-C provides
a more complete description of available aircraft
fuel efficiency technologies.

Aside from buying aircraft with greater techni-
cal efficiency, airlines can improve overall fuel ef-
ficiency by improving operations and continuing
current trends toward larger aircraft. Relieving
airport congestion is a mgjor concern. Although
some new airports will be built, expansion of air-
port capacity is not expected to be a primary strat-
egy for relieving congestion over the next few de-
cades.” Instead, most attention will go to
operational modifications, for example, improve-
mentsin air traffic control systems can alow re-
duced spacing of takeoffs and landings and in-
creased use of paralel runways.

An important determinant of fuel efficiency
will be the distribution of aircraft trip lengths.
Limitations on airport construction and forecasts
of growing air traffic congestion may lead to ef-
forts to substitute other modes-such as high-
speed trains—for shorter trips. However, the re-
cent history of commercial aviation has seen the
industry capturing market share in shorter-length
trips, and it is virtually unchalenged in trips of
longer length (more than 500 miles). Shorter trips
decrease efficiency by increasing the percentage
of fuel used for taxiing, idling, and takeoff and
landing, activities whose fuel use is independent
of travel distance; preventing the use of larger,

144 M M Mintz and A D. Vyas, Forecast of Transportation Energy Demand Through the Year 2010, ANL ESD-9 (Argonne, IL: Argonne

National Laboratory, revised April 1991).
145 1bid.
146 1bid.
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BOX 2-C: Fuel Economy Technologies for Commercial Aircraft

Advanced engine types. The current-generation engine penetrating the fleet today Is the high-bypass
turbofan, with heat-resistant materials that allow high turbine relet temperatures and new compressors that
allow higher pressure. Ducted ultrahigh-bypass (UHB) turbofans yield efficiency Improvements of 10 to 20
percent Propfan engines deliver an additional 10 percent Improvement over UHB turbofans

Lightweight composite materials. with the exception of a few new business jets, commercial aircraft
use new composite materials sparingly Extensive use of these materials can reduce airframe weight up to

30 percent without sacrificing structural strength

Advanced aerodynamics. This involves optimization of airflow using a combination of computer-de-
signed changes in wing shapes, ultrasmooth surfaces, and “active” flow control concepts that suck air into
the wings Other concepts use variable wing shapes and new fuselage designs

I SOURCE D L Greene, “Energy Efficiency Improvement of Commercial Aircraft Ar?nua/Review of Energy and the Environment VOI

17 1992 pp 537-573

more efficient aircraft; and generally preventing
the attainment of high load factors because high
trip frequency is necessary to compete successful-
ly with other modes. * 47

Freight Transport
The production and consumption of goods deter-
mines the demand for freight transport services,
and indirectly the energy needs of the freight
transport system. Although it is very difficult to
forecast production and consumption, most ana-
lysts predict relatively slow growth for basic com-
modities. For example, coal production, which ac-
counts for the bulk of both train and barge
movements, is projected to grow at only 1.3 per-
cent per year. On the other hand, higher-value-
added goods, such as construction materials and
processed foods, are expected to grow more rapid-
ly—I1.5 to 4 percent per year (table 2-5), A sepa-
rate analysis predicted little or no growth for basic
materials production in the United States through
the year 2000.48

These projected trends—slow growth in com-
modities, more rapid growth in higher-value-add-
ed goods-suggest that in the future, as in the past.

147
Ridge, TN: Oak Ridge National Laboratory, January 1979).

1498 Williams et al.. op. cit., footnote 94,

demand for train and barge freight movements
will grow slowly, whereas demand for truck and
air freight movements will grow more rapidly.
However, even with extremely rapid growth of 10
percent per year for airfreight, the energy required
for air freight movements will still be a fraction of
that required by trucks. Trucks will be the domi-
nant freight transport energy consumer in the
next 20 years.

Commercial trucking
In 1989, trucks accounted for 29 percent of freight
movements (measured in ton-miles) and used 83
percent of the energy expended for these freight
shipments (table 2-2). Although the former per-
centage is low by European standards, the large
U.S. land mass and extensive long-distance ship-
ment of raw materials (coal, iron ore, grains) by
unit trains and barges signify that truck transport
actually competes very well in the interstate
freight arena. Trucking dominates local distribu-
tion, of course.

The reasons for this competitiveness include
the dispersed and shifting location of many prod-
ucts that require long-distance shipping (e. g.,

A.B. Rose, Energy Intensity and Related Parameters of Selected Transportation Modes: Passenger Movements, ORNL-5506 (Oak
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TABLE 2-5: Projected Growth in Commodities (annual average growth rate)

Commodities® Goods’

Coal production 13 Construction materials 34
Crude 011 production -10 Appliances 2

Oil products consumption 10 Processed foods

Agriculture production 18 Fruits and vegetables 2
Chemical production 31 Bakery items 15-2
Mining production -01 Candy 2-35

4 For 1990 to 2010 Coal and 011 are nBtu per year Agriculture chemicals and mining are in constant dollars U S Department
of Energy, Energy Information Administration Annual Energy Outiook 7993, DOE 't |1A-0383(93) (Washington DC January

1993), p 81, U S Department of Energy, Energy information Administration Energy Consumption and Conservation Poten-

tla/ Supporting Analysis for the National Energy Strategy. SRINES/90-02 (Washington DC December 1990) p 126
b For 199310 1997-98 u S Department of Commerce International Trade Administration U S Industrial Outiook 1993 (Wash-

ington DC 1993), various pages

wood), the dispersed locations to which the prod-
ucts (farm products) are shipped, and established
truck-oriented distribution systems (petroleum
products, processed foods). Trucking also bene-
fits from an infrastructure built largely with
money collected from automobile fuel taxes; a-
though trucks pay fuel and use taxes, these taxes
do not cover their proportiona share of infrastruc-
ture costs.” Nevertheless, there is room for fu-
ture shifts in freight modes, stemming from com-
petition with more efficient rail operations that
integrate with local trucking systems or from
changes in the basic economics of trucking opera-
tions (higher fuel prices, higher road taxes to ac-
count for actual infrastructure maintenance costs).
On the other hand, continued shifts in the U.S.
economy toward service industries and higher-
value-added products, with more focus on just-in-
time distribution systems, may favor the flexibil-
ity of trucking over other freight transport modes
and add to its share of overall freight shipment.
However, at the same time these shifts in the econ-
omy may cut down the total volume of freight
shipment (light engineering is less freight inten-
sive than steel and auto manufacturing, and ser-
vices are generaly less freight intensive than
manufacturing).

Generdly, future growth in truck transport lev-
els is expected to follow trends in economic activ-
ity, and forecasts attempt to match estimates of
truck ton-miles carried to estimates of the growth
of specific portions of the U.S. economy. If the
U.S. economy continues its shift toward less
heavy manufacturing and more services, with re-
sulting overall freight volumes growing more
slowly than the rate of GNP growth, trucking vol-
umes may still keep pace with GNP, at the expense
of other modes.

The overal energy efficiency of truck shipping
depends heavily on factor-s besides simply the
technical efficiency of the vehicles. These include
load factors (including the incidence of empty
backhauls); driver behavior; road congestion;
changing speed limits, especially on rural inter-
state; and shifting truck mixes, including use of
tandems.

Freight truck fuel efficiency, as measured in
miles per gallon. has improved only gradually
during the past few decades: at an annual rate of
0.4 percent per year for single-unit trucks and 0.7
percent per year for combination trucks. Further-
more, efficiency growth stagnated during the
1980s—for the period 1982-90. single-unit truck

149 Congressional Budget Office, Paying for Highways. Airways. and Waierways (Washington DC: May 1992),



efficiency grew at only 0.3 percent per year, and
heavy truck efficiency at 0.5 percent per year.™
As discussed above, these aggregate efficiency in-
dicators reflect a number of factors, including
shifts in average truck size, changes in types of
freight moved, and increased speed limits.

The range of factors both hindering and pro-
moting freight truck fuel efficiency, discussed ear-
lier, will likely continue to yield slow improve-
ment. Commercialy available technologies, such
as aerodynamic improvements and electronic en-
gine controls, will gradually increase their market
penetration. Improved operations, aided by better
communications between trucks and their head-
quarters, could increase load factors and allow
more efficient routing. On the other hand, as long
as fuel prices are low, trucks will likely find time
savings from higher speeds out weighing the en-
ergy penalty; average highway speeds may con-
tinue to climb. Also, some projections of in-
creases in urban congestion have been startling; if
these projections are correct. future congestion
could have a substantial negative impact on effi-
ciency.™

It isimportant to note that although truck fuel
efficiency is expected to improve quite slowly, a
number of technological and operational im-
provements are available that could yield dramat-
ic improvements in efficiency (see boxes 2-D and
2-E). The combined effects of some of these op-
tions can be estimated through the performance of
trucks that use these technologies. Several
manufacturers have used long-distance demon-
stration runs to both test and demonstrate new en-
ergy-efficient technologies. These demonstration
runs combine improved technologies, highly
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trained drivers, and optimal running conditions
(such as maintaining 55 mph). The results, sum-
marized in table 2-6, show that commercialy
available trucks obtained energy efficiency 50 to
70 percent above that of the current fleet, while
prototype technologies achieved efficiencies over
twice that of the current fleet. These results must
be applied with caution; they do not measure what
could be obtained from technological improve-
ments alone. Nevertheless. they do provide a use-
ful upper bound for the savings potential. If al
heavy trucks were able to achieve the level of en-
ergy efficiency obtained from these tests of the
best commercialy available technologies, energy
use would drop by about 0.9 quads. or 15 percent
of total freight transport energy use.””Achieving
the energy-efficiency level of the prototype truck
would be quite difficult on today roads, as it
makes use of spoilers with very little ground clear-
ance.

B Alternative Forecasts

This section presents and discusses the forecasts
of the Energy Information Administration (EIA)
for the period 1990-2010, from its“’ 1993 Annua
Energy Outlook, "** as well as aternative fore-
casts from other organizations when they present
significantly different projections of energy con-
sumption or other variables affecting c(msump-
(ion.

The 1993 Annual Energy Outlook (AEO93)
examines seven scenarios of the future: a baseline
scenario, two scenarios examining the effects of
higher and lower oil prices ($38 and $18 per bar-
rel, respectively, in 2010 versus the baseline of
$29 per barrel (bbl)—all in 1991 dollars), two

150 Davis and Strang. op. cit., footnote 8, pp. 3-40, 3-42. Data are flect average miles per gallon and exclude 2-axle. 4-tire trucks.

13T Note that moderate highway congestion, in slowing average speeds below high “free-flowing™ levels, could improve fuel efficiency.
However, once congestion thresholds are reached, relatively small increases in traftic can slow average speeds to 30 mph or less, or even to
stop-and-go levels, which are extremely wasteful of fuel. Federal Highway Administration congestion estimates projectlarge costs from wasted

fuel.

152 Best commercially available trucks are 62 percent more efficient than existing fleet (see table 2-6, average of 51 and 72 percent); there-

fore replacing fleet will reduce energy use (1-[1/1.62]) or 38 percent. Heavy trucks account for about 51 percentof truck energy use (table 2-3),

trucks use 4.9 quads per year (table 2-2; therefore savings = 4.9 x 38 x 51 = 0.9 quads.

133 Energy Information Administration, op. cit., footnote 10.
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BOX 2-D: Fuel Economy Technologies for Commercial Trucks

Aerodynamics. Modifying the shape of the truck and trailer can yield significant reductions in energy
use by reducing air resistance. The primary aerodynamic improvement used on heavy trucks today is the
cab-mounted air deflector, which began to be installed in the 1970s. Since then, a number of improved aero-
dynamic devices have been used, including various devices to seal the space between the truck and the
trailer, front air dams, and improved rooftop fairings. The simpler devices can often be retrofit to existing
trucks and, according to one analysis, offer rapid (less than 2-year) paybacks. ' Aerodynamic improve-
ments to trailers include side skirts to minimize turbulence underneath the trailer and rear “boattails” to
smooth airflow behind the trailer The energy savings of these devices are difficult to measure, since airflow
1s difficult to model accurately and field tests are complicated by the need to measure small effects while
controlling for confounding factors such as wind speed, temperature, and driver behavior, Aerodynamic
Improvements to tractor-trailers are also limited by the need to connect quickly and simply to trailers of dif-
ferent designs and sizes, to tolerate road surface uncertainties, and to meet size regulations,

Improved tires. Radial tires have largely replaced bias-ply tires, except for special applications such as
off-road use (bias-ply tires have stronger sidewalls and are thus more resistant to puncture). By one esti-
mate, replacing all 18 bias-ply tires on a full-size tractor-trailer with radials results in a 10 percent reduction in
fuel use in miles per gallon ?A more recent tire innovation is “low-profile” radial tires, which weigh less than
standard radials and thereby save energy, Just now becoming commercially available are “low rolling resis-
tance” tires, which use new compounds and designs to reduce rolling resistance. These new tires are
claimed to offer a potential energy savings of 4 percent relative to low-profile tires’and 75 percent relative
to conventional radials ‘Finally, fuel savings can be achieved by tailoring tires to specific types of service,
powertrains, and roads, including the use of smaller-diameter tires for low-density cargo

(continued)

'H Sachs et al , Heavy Truck Fue/Economy (Washington, DC American Council for an Energy -Efficient Economy, January 1992),
p 16

*Bridgestone Tire Co., Guide to Large Truck Fuel/ Economy for the 90's (Nashville, TN 1992), p 7

3"Tomorrow's Tire Today, ” Fleet Owner, September 1991, p 48

‘Kenneth Farber, representingMichelin Personal Transportation Vehicle Workshop, presentationto White House Conference on
Global Climate Change, Washington, DC, July 1,1993 Current market share of low rolling resistance radials was saidto be5percent

scenarios examining the effects of higher or lower
economic growth rates (2.4 and 1.6 percent per
year, respectively, versus the baseline of 2.0 per-
cent per year), and two scenarios examining the
effects of high or low domestic gas and oil recov-
ery (40.2 versus 31.9 quads recovered, respective-
ly, compared with 33.8 quads in the baseline sce-
nario). **None of the scenarios is policy-driven

in the sense that al assume that little change will

occur in government policy to affect energy sup-
ply and demand. That is, the scenarios assume no
major new conservation initiatives, such as more
stringent fuel economy standards or tax incentives
for purchase of fuel-efficient autos, and no impor-
tant changes in access to energy supplies. (A mod-
est exception is assumed passage of licensing re-
form legislation for new nuclear reactors in the
high-economic-growth case.)

154 H,h recovery rates are based on the probability distribution of technically recoverable oil and gas reserves in the United States
D and low Ty p! y

as estimated by the U.S. Geological Survey. The baseline case is the median of the distribution, whereas the high and low cases are based on

the 5th and 95th percentiles, respectively.



Chapter 2 Where We Are, Where We're Going | 67

BOX 2-D: Fuel Economy Technologies for Commercial Trucks (cont'd.)

and of very wide single tires to replace dual tires. However truck tires, unlike automobile tires are often re-
capped when worn low-profile and low rolling resistance technologies which cannot be Incorporated into
recapped tires will largely be limited to sales of new tires

Improved transmissions. Electronic transmission controls measure vehicle and engine speed and oth-
er operating conditions allowing the transmission to optimize gear selection and timing thus keeping the
engine closer to optimal conditions for either fuel economy or power than is possible with hydraulic controls
This technology offers about a 4 percent improvement in fuel economy

Greater use of diesel engines. Compression-ignition engines. or diesels, are a proven technology and
are significantly more efficient (about 12 percent for heavy trucks) than gasoline two-valve engines even at
nance, new direct injection turbocharged diesels offer additional fuel savings

Improved engines. A variety of new engines are becoming available to freight trucks. Turbocompound
engines are technically ready but have not been commercialized because of low fuel prices. Low-heat-re-
jection diesels are compression-ignition engines that run at very high temperature and do not use energy-
draining cooling sysltems. Gas turbines harness fuel energy by using the burning fuel's kinetic energy to
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lo drivers on energy use. They were developed largely to meet new emissions requirements, but they have
energy-efficiency benefits as well They are currently available on some long-haul heavy trucks

SOURCE M M Mintzand A DVyas Forecastof Transportation Energy Demand Through the Year 2010 Argonne Nationall abora
tory Report ANL F SD-9 revised Apnil 1991

“RKamo Adiabatic Diesel-Englrw Technology mFuture Transportation  Friergy val12 No 10 11 1987 pp 1073 1080 cited
in D L Greene etal  Transportatnn Energy to the Year 2020 A Look Ahead  Year 2020 Transportation Resecirch Board Specia |
Repaort 220 (Washington DC National Acadery Press 1 988)

The baseline scenario accepts mainstream
ideas about oil prices and economic growth. First,
the scenario assumes that a combination of plenti-
ful oil supply, gradually increasing world de-
mand, and Saudi restraint will maintain pricesin
the $20/bbl range for a few years and then gradual-
ly push prices upward, to $29/bbl ( 1991 dollar-s)
by 2010, with a gradual increase in gasoline retail
costs. Second, it assumes that slower growth in
the U.S. labor force for the next few decades (a

projected rate of about | percent per year versus
2.1 percent annually from 1970 to 1 990) will re-
strain the growth in real output of goods and ser-
vices, but that the U.S. economy will remain suffi -
ciently competitive in world markets to keep
growing at the moderate rate of 2.0 percent per
year. The aternative price scenarios reflect. on
the low side, a combination of aggressive con-
servation, significant competition among Orga-
nization of Petroleum Exporting Countries
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BOX 2-E: Operational Strategies To Improve Truck Fuel Efficiency

Speed. Several studies have examined the effects of higher speed on energy consumption One field
test found a fuel efficiency penalty of 22 percent from increasing speeds from 55 to 65 mph.' Other costs
associated with increased speed were reported as well, including a 10 percent decrease in miles to engine
overhaul These costs, however, must be traded off against time savings For a 1,000-mile trip, traveling 55
instead of 65 mph in a new tractor-trailer will save 278 gallons of fuel but will take an extra 28 hours At $1 25
per gallon the fuel savings are equivalent to a time cost of $12.40 per hour If driver salaries or the time value
of the cargo exceed this, then it may be financially prudent to drive 65 mph *

Idling. Truck drivers often idle their engines for long periods—to supply heat or air conditioning for the
cab, to keep fuel heated and free-flowing, to avoid starting difficulties, and because starting i1s thought to be
hard on the engine Fuel consumption at idle varies, but a typical rate 1s O 5 gallons per hour.’In addition
there are other detrimental side effects of idling, including oil degradation and Increased engine wear due to
water condensation.’The technical alternatives to idling include using auxiliary cab heaters and air condi-
tioners, fueled by diesel or electricity, and fuel and engine block heaters, which are also available at low
cost °*Concerns over starting are certainly valid, however, if batteries are in good condition a truck should
have no difficulty starting Claims that starting i1s hard on the engine are unproven and have no apparent
engineering basis Unfortunately there are no reliable estimates of total fuel consumed by excess Idling, so
savings potential is unknown

Routing and operations. Advanced communication and computer technologies have already im-
proved truck operations, and further Improvements are likely Some truck fleet operators are using commer-
cially available software packages to determine optimal loading and routing.’A few large fleets are using
onboard computers and/or satellite communications to track fleets and provide up-to-date information to
drivers.”As the costs of such systems decline and customers increasingly require up-to-date information

(continued)

! American Trucking Associations. The Maintenance Council 55 vs 65 An £quipment Operating Costs Comparison (Alexandra
VA 1987), p 7

2 Assuming 6 44mpg at 55 mph and 546 mpg at 65 mph as found by ibid Extending the analysistoinclude effects onengine life
has little effect on the results Many drivers are paid by the mile and not by the hour, in these cases the time penalty for slower speeds
15 paid by the driver (who must work longer hours for the same pay) and not by the owner

*“Electronic Diesels and Other Ways to Improve Fuel Economy, Commercial Carrier Journal, April 1993.p 96

4 Argonne National Laboratory, “Don t Idle Your Profits Away! October 1 986. P 3

*1bid

6 Abacus Technology Corp, “Rail vs Truck Fuel Efficiency,’ report for the Federal Railroad Administration April 1991 p 2-12

"R Schneidermann, “Tracking Trucks by Satellite " High Technology Business. May 1989 p 24

(OPEC) members to expand production capacity,
and high non-OPEC production, perhaps because

supply. The alternative-economic-growth scenar-
ios reflect differing assumptions about the rate of

of arevival of 5EJroduction capacity in the former
Soviet Union. - On the high side, the aternative
price scenarios reflect more global economic
growth and less conservation than expected
(boosting world oil demand), coupled with lower

labor force growth and productivity: 1.2 percent
annua growth in the labor force and 1.2 percent
annual productivity growth (versus a baseline of 1
percent product iv it y growth) for the high econom-
ic growth scenario, and 0.8 percent labor force

155 Given the Continuing political turmoilin the Confederationof Independent States (CI S ), the DRIforecast expects CIS production v

be significantly delayed by negotiations and startup problems.
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BOX 2-E: Operational Strategies To improve Truck Fuel Efficiency (cont'd.)

on the status and location of their goods, these systems will become more prevalent The energy savings
will come from Improved routing reduced empty or partially filled truckloads due to better Information on
availability of loads and trucks, and more efficient operations at transfer points

Reduced empty backhauls. Although the data are uncertain, about 10 percent of long-distance truck-
miles are empty °*Reasons for empty backhauls Include equipment limitations (e g , an automobile carrier
cannot carry other cargo) and natural traffic Imbalances (e g , urban areas consume more than they pro-
duce) Regulatory restrictions once prohibited private companies from carrying cargo for others, however,
many of these restrictions were removed by the Motor Carrier Act of 1980 It may be possible for Improved
communication and information tools to allow for better matching of loads and trucks, thereby further reduc-
ing empty backhauls

Increased size and weight. Allowable truck size and weight are controlled by both State and Federal
law The Surface Transportation Assistance Act (1 982) prohibits States from setting a maximum gross
weight of less than 80,000 pounds for travel on or near interstate highways. In addition, States are required
to allow trailers 48 feet long, or double trailers 28 feet long and 102 inches wide The Intermodal Surface
Transportation Efficiency Act of 1991 prohibits States that do not already do so from allowing longer trucks
on or near Interstate highways Currently some but not all States allow longer trucks, however, the variations

SOURCE Off Ice of Technology Assessment 1994

*Estimate by OTA staff based on various sources

in State rules make it difficult for longer trucks to operate on Interstate long-haul routes

growth and 0.8 percent productivity growth for
the low-economic-growth case. The gas and oil
supply scenarios have little effect on the rate of
economic growth or energy use from 1990t02010
compared with the base case.”™

Other forecasts predict moderate growth in the
economy and world oil prices similar to the
AEQ93 baseline scenario. The annual rate of
change in GDP for the Gas Research Institute
Baseline Projection 1993 (GRI93)*'is identical
to the AEO93 (2 percent) whereas the DRI/

McGraw Hill Spring/Summer Energy Forecast
(DRI)* assumes a 2.2 percent GDP growth rate.
The Argonne National Laboratory’s Transporta-
tion Energy and Emissions Modeling System
(TEEM S)* uses the DRI macroeconomic sub-
model for its forecast, so assumptions are simi-
I ar.lGO

AEQ93 projects moderate but steady growth in
transportation energy use across al scenarios:
baseline growth is 1.26 percent a year, with a
range of 0.9 to 1.6 percent annually for the other

156 However [here, $ a0 percentincrease inimported petroleum ( 1.26 million barrels a day, mmbd) 1N the low oil and gas recovery scenario

and an | | percent decrease mimported petroleum (1.35mmbd) in the high oil and gasrecovery scenario. Total consumptionof energy differs

by 0.5 quadrillionBtu (quads) betw eenthe high and low recov ery scenarios and the reference case, or less than 0.5 percent of total consumption.

157 p, o Holtberg et al. Baseline Projection Data Book: GRI Baseline Projection of U.S. Energy Supply and Demand 102010, vol.1 (wash-

=

ington, DC. Gas ResearchInstitute, 1993).

I S8 DRI McGraw -Hill. Energy Review ( Lexington, MA: spring/summer 1993).

159 Mintzand Vy as, op. cit.. footnote 144,

160 | bid., pp. 8-9.
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TABLE 2-6: High-Efficiency Heavy Trucks

Fuel economy

Truck Gross weight (Ibs.) Mpg Percent over existing fleet
Existing fleet 33,000 and over 53 —
Kenworth T600A 72,400 80 51
Peterbilt 377A/E 76700 91 72
Kenworth prototype 72050 114 115

SOURCES Existing fleet average from S C Davis and M D Morris, Transportation Energy Data Book, ed 12,
ORNL-671 O (Oak Ridge TN Oak Ridge National Laboratory, March 1992), p 3-46 Truck efficiencies based
on Cross-counrty demonstration runs using trained drivers See J McNamara, "Kenworth Road Test Raises

Fuel Economy Target.” Transport Torics, Dec 10, 1990, p 12, and T Moore, "Peterbilt Introduces Aero Con-

ventional,” Fleet O-wrier November 1991 p 10

scenarios. Over the 20-year forecast period, this
means that transportation energy use will grow
from the 1990 level of 22.50 quads. dlightly more
than 10.5 million barrels per day (mmbd), to 26,86
to 31 quads, about 12.9 t o 14.9 mmbd (a 19.0 to
37.8 percent increase) by 2010. The baseline2010
figures are 28.93 quads ( 13.9 mmbd) total, a 28.5
percent increase (see figure 2-4'™).

FIGURE 2-4: Total Energy Use of the

U.S. Transportation Sector
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SOURCE Off Ice of Technology Assessment based on Energy Informa-
tion Admuristration historical data and various forecasts
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DRI forecasts growth in energy use almost
identical to the AEO93 baseline case (i.e., 1.2 per-
cent per year to 28.22 quads, or 13.3 mmbd, in
20 10-or an increase of 27 percent). However, its
components (types of fuels, vehicle-miles trav-
eled, and fuel efficiency) are at different levels of
growth. DRI forecasts a higher annual total energy
growth rate in the second 10 years than AEO93
( 1.30 versus 1.09 percent) despite a decrease in the
growth rate of highway motor fuel use. AEO93
forecasts a higher energy growth rate than DRI in
the first 10 years ( 1.35 versus 1.18 percent) with a
similar decline in highway fuel use. GDP and total
vmt projections are similar in the two forecasts.
with much of the difference coming from
AEQ93's more optimistic forecasts of fuel effi-
ciencies.

GRI forecasts a low growth rate in energy use at
0.68 percent a year. The total transportation sector
energy use in 2010 is 25.46 quads ( 11.86 mmbd),
a 14.5 percent increase from 1990 and 12 percent
less than the AEO93 forecast. Much of this differ-
ence comes from a projected decrease in motor
gasoline consumption over the next 20 years de-
spite a robust growth in motor vehicle vmt. As-
sumed fuel efficiency ratings are higher not only
for passenger cars, but aso for light-duty trucks,
whose use al models project will continue to
grow at afaster rate than passenger car use, with
lower fuel efficiency gains.

All charts referencing AEO93 projections will use the baseline scenario.



TEEMS forecasts a total energy annual growth
rate of less than 1 percent, with a sharp decreasein
the second decade of the projection (1.15 to 0.67
percent). Total transportation energy use increases
from 21.86 to 26.19 quads (1 2.2 mmbd), an in-
crease of dlightly less than 20 percent from 1990
and 9.5 percent lower than AEO93's 2010 total.
Part of this 9.5 percent difference can be explained
by EIA’s higher 1990 estimate of energy con-
sumed by heavy-duty trucks. Another important
reason is alower expected growth rate in air trans-
portation for the TEEMS model (1 .05 percent)
than for the AEO93 model (1.9 percent).

In the AEO93 forecast, motor gasoline remains
the dominant fuel, but its use increases far more
slowly than diesel fuel, predominantly for freight
trucks, and jet fuel for aircraft. In 1990, motor gas-
oline, diesel fuel, and jet fuel made up 91 percent
of transportation energy. The projected baseline
growth for transport use of these fuels from 1990
to 2010is 0.8, 1.7, and 1.9 percent per year, re-
spectively, so that diesel share grows from 17 to
18.7 percent, again of 1.59 quad (0.74 mmbd). Jet
fuel grows from 14 to 15.8 percent, again of 1.44
quad (0.67 mmbd), whereas gasoline’'s share de-
creases from 60.3 to 55 percent, although it gains
2.33 quads ( 1.08 mmbd). These differences in
growth occur primarily because AEO93 foresees a
decrease in the annual rate of vmt growth for light-
duty highway vehicles, a modest but steady in-
crease in fuel efficiency for these vehicles, a sharp
increase in the annual growth rate for air passenger
travel and freight shipments, and brisk growthin
truck freight transport.

Vehicle-Miles Traveled and Fuel Efficiency

Due to light-duty vehicles' large share of energy
use in the transportation sector, forecasting vmt is
an important component in forecasting the total
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FIGURE 2-5: Light-Duty Vehicle-Miles Traveled for

Passenger Autos and Light Trucks
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sectoral energy use in 2010. In 1990, light-duty
vehicles made up about 34 percent of total U.S.
petroleum consumption and 14 percent of the en-
tire energy consumed by the United States.™

In the AEO93 baseline scenario, travel for
light-duty highway vehicles grows at a much
slower pace than in the past, about 1.7 percent per
year (see figure 2-5), whereas the fuel efficiency
of the light-duty fleet* grows at about 0.7 per-
cent annually, compensating for less than half of
the growth in travel demand (see figure 2-6). This
yields a 1 percent annual growth in energy con-
sumption over the next 20 years compared with
1.36 percent over the last 20 years. These parame-
ters do not change much in the other scenarios: for

162 Motor Vehicle Manufacturers Association, Facts and Figures '92 (Detroit, ME1992).p. 82.

163 This value is an estimated average on-the-road efficiency rating for all cars and |ight trucks. The EPA rating for projected mpg for new

cars 1sadjusted according to assumptions (coefficients) in each modelfor projected changes in fuel prices (e.g., AEQ93 estimates that a 10
percent Increase infuel prices yields a 6 percent improvement in fuel efficiency over time due to manufacturer product changes and consumer

response ) andinefficiencies such as increased congestion.



72| Saving Energy in U.S. Transportation

FIGURE 2-6: On-the-Road Fuel Efficiency of the

Light-Duty Vehicle Fleet

Miles per gallon (historical: passenger autos only)
30 \

w) —A
20
10 -
r
‘ O DRI 4+ AEQO93
‘ —— GRI X Historical

*- TEEMS
0t : » |
1970 1975 1980 1985 1990 1995 2000 2005 2010

SOURCE Off Ice of Technology Assessment based on Oak Ridge Na-
tional Laboratory historical data and various forecasts

example, in the high economic growth scenario,
light-duty travel grows at a pace of only 1.9 per-
cent per year, still well below historic levels. The
largest variation in fuel use occurs with low oil
prices, with a 1.8 percent annual growth in travel
and only a 0.5 percent annual compensating in-
crease in fleet fuel efficiency; in this scenario,
transportation use of gasoline grows at 1.3 percent
a year, leading to an increase of 1.82 mmbd by
2010, a 50 percent gain from the baseline case.

Several of the aternative forecasts looked at
both total and personal vehicle vmt (see figure
2-7). The forecasts rely on economic choice cal-
culations based on fuel efficiency, real costs per
mile, and real disposable income. Predictive vari-
ables come from either fleet-based or driver-based
characteristics.

DRI
The DRI forecast uses a fleet-based model to cal-
culate vmt. The mode] uses projected vehicle pur-

chases and scrappage-rate assumptions, based on
projected real costs per mile and real disposable
income, to obtain a vehicle mix for the light-duty
fleet in nine census-defined regions of the United
States. The DRI total highway vmt forecast is a-
most identical to AEO93. The average annual vmt
growth rate is 1.7 percent, but the total is higher
due to a difference in definition of light-duty ve-
hicles. The AEO93 model forecasts a decrease in
the annual light-duty vmt growth rate in the se-
cond decade of the forecast, presumably due to a
drop in the U.S. economy’s growth rate (an impor-
tant predictor of vmt growth in all of the models)
and increased oil prices. The DRI model forecasts
an increased vmt growth (1.84 percent) in the
years 2000-10 despite a forecasted decrease in
economic growth. Projected fuel efficiency in-
creases by 0.9 percent a year with a slight decrease
in the second decade. This results in a slightly
lower motor fuel consumption in 2010 than proj-
ected in the AEO93 forecast.

FIGURE 2-7: Total Highway Vehicle-Miles Traveled
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Gas Research Institute

The GRI forecast uses the DRI base vmt model
and adjusts some of the coefficients to reflect dif-
fering assumptions (mostly in the area of fuel effi-
ciency and natural gas-fueled vehicle share). GRI
forecasts higher fuel efficiency and one of the
highest increases in total highway vmt of any of
the models. The total highway vmt is expected to
grow an average of 2.28 percent per year over the
next 20 yearsto 3,288 billion vmt. Total fleet mix
is expected to be 30 percent light-duty trucks, ac-
counting for 35 percent of the total vmt in 2010.
The vmt for light-duty vehicles is expected to
grow at a slightly lower rate of 2.12 percent annu-
aly. Most of the excess increase in vmt (compared
with other models) is offset by the higher proj-
ected increase in light duty vehicle fuel efficiency.
which is expected to grow by 1.79 percent annual-
ly, from 19.2 to 27.4 mpg, or slightly less than a
43 percent increase. Given the physical limits of
efficiency improvements for present-day automo-
bile engine configurations and even conservative
estimates of increased congestion, most of this in-
crease must come from changes in consumer pref-
erence. With the moderate consumer reaction to
fuel priceincreasesin the last 20 years, the trend
toward a higher percentage of older vehiclesin the
fleet mix, and projected moderate fuel prices,™
it would appear difficult for the vehicle fleet to
achieve this great an increase in fuel efficiency
over such ashort time frame. GRI projects trans-
portation use of natural gas to increase at 3.6 per-
cent a year, from 0.7 to 1.4 quads.” This repre-
sents a slightly more than 28 percent increase in
natural gas vehicle use to amost 0.5 quad between
1990 and 2010. The AEO93 projects an increase
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in vehicle gas use from negligible to 0.15 quad
during the same period.

Transportation Energy and Emissions
Modeling System

TEEMS combines fleet-based and driver-based
models. It uses changes in disaggregate house-
hold vmt data (driver-base) to project fleet mix by
vehicle usage and scrappage rates (fleetbase) sim-
ilar to the DRI model. Economic and fuel price
variables are based on the DRI macromodel of the
U.S. economy. TEEMS projects the lowest annual
growth in total highway vmt of the forecasts ex-
amined, 1.55 percent. The model forecasts a lower
annual growth rate in the second 10 years than in
the first 10, in conjunction with a decrease in the
annua growth rate of GDP from 2.6 to 1.93 per-
cent. The 20- year annual growth rate of light-duty
vmt is also the lowest of models at 1.49 percent,
or 20 percent less than the AEO93 model growth
rate. The model predicts that most of the fuel effi-
ciency (and emissions) gains of highway vehicles
will be offset by increased congestion and the
large number of older, less efficient vehicles that
remain on the road. Fuel efficiency increases at an
annual rate of only 0.56 percent in the first decade
and 1.43 percent in the second™ for a 20-year
annual rate of dlightly less than 1 percent, from
19.2 to 23.4 mpg.

Air Travel

AEQ93 projects that travel for air passengers and
freight combined will grow much faster than any
other mode, and much faster than the growth rate
of the economy—at 3.9 percent per year for the
baseline, and as much as 4.8 percent annually for

164 Fuel and oil costs were slightly more than 13 percent of the total per-mile costs to operate a car. This percentage is expected to continue

to decline, making fuel prices less predictive of light-duty vehicle fuel efficiency. See Davis and Strang, op. cit,, footnote 8, p. 2-40.

165 This includes pipeline compressor use of natural gas for throughput of natural gas in the lower 48 States. The amount is 0.7 quad in 1990

and increases to 0.9 quad in 2010.

166 Dosiiaviables (divi o0 ciodiom s Sonl aicee
Fresuimdaony aue o rising 1uei Cosis.
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the high-economic-growth case. Aircraft efficien-
cy will also increase at a brisk pace—1.5 percent
per year (in terms of Btu per passenger) in all of
the scenarios—but not nearly fast enough to offset
the growth in travel demand.

Transportation Energy and Emissions
Modeling System

The TEEM S model projects a similar annual rate
of increase in revenue passenger miles—3.37 per-
cent, but greater aircraft efficiencies than the
AEQ93 projection, for an overall increase in jet
fuel demand of 1.05 percent per year or about a 23
percent increase over the 20 years.

DRI
DRI projects the highest annua rate of increase in
revenue passenger-miles for commercial jets®
(3.82 percent per year) and lower efficiency gains
(1. 15 percent per year), for an overall increase in
jet fuel demand of 1.42 percent a year or about a
32.5 percent increase over the 20-year period.™
Rapid fuel efficiency gains are likely through
lighter composite materials, advanced electronic
controls to optimize fuel burn under given flight
conditions, and an increase in the number of seats
per aircraft.” However, even at a rapid rate of
growth, air transport will make up a relatively
small portion of the transportation sector’s energy
use.

Discussion and Analysis

There is aremarkable unanimity among the vari-
ous models that highway vmt will increase at a
much lower rate during the period 1990-2010 than
during the previous decades; all models use vmt
rates of less than 2 percent per year. As noted, the
most important factor behind these projections is
the forecasted decline in growth of driving-age

167 Includes freight and passenger demand.

adults as the baby boom passes. This factor aone
represents more than half of the decline in growth
rate in the EIA forecast and presumably is equally
critical in the alternative forecasts. There is less
unanimity about efficiency increases, athough
the majority of the forecasts are relatively opti-
mistic about fuel economy, with the GRI forecast
being remarkably optimistic. Similarly, al fore-
casts project growth in air travel at levels consid-
erably lower than the recent 6 to 7 percent annua
rate, with EIA projecting 4.8 percent for the high-
economic-growth scenario, and less than 4 per-
cent for the baseline scenario. All of these factors
tend to push passenger transportation energy
consumption growth in the same direction, to low-
er-than-historic levels.

OTA considers the EIA projection of trans-
portation energy growth—a baseline increase of
about 29 percent over 1990 levels by 2010-as
likely to be an underestimate, if there are no
changes in energy policy. In particular, OTA is
skeptical that vmt growth will fall below 2 percent
ayear for the period and that light-duty fleet fuel
economy will increase as much as EIA projects.

Freight

There have been severa efforts to forecast freight
transport energy use. The results of three models
are presented, one of which is a very simple ex-
trapolation of past trends used to pinpoint key
areas of disagreement.

Argonne National Laboratory provides fore-
casts of energy use through 2010 for both freight
and passenger transport. Results of the Argonne
model show freight transport energy use growing
by 2.3 quads from 1990 to 2010-with 1.8 of
these due to increased consumption by trucks and
0.4 due to trains (table 2-7). This model projects
very rapid (3.3 percent) annual growth in train

168 DRI also starts Off with a higher baseline level of jet fuel demand (0.6 quad) than TEEMS.

169 However, there are physical limitations to aircraft size due to current airport configurations. The lack of completely new airports com-

pleted or in the final permitting process in the past 10 years (Stapleton being the exception) will limit the size of aircraft over the next 20 years.



ton-miles, more than double the historic
( 1970-90) growth rate.” The model also projects
moderate ( 1 percent) annual average improve-
ments in freight truck intensity--even though his-
torical improvements, as discussed above, were
considerably smaller.

The AEQ93 forecast shows a 2.4-quad increase
in freight transport energy use ( 1990-20 10), with
1.5 of this from trucks and 0.6 from marine (table
2-8). (The EIA model, unlike the Argonne model,
includes international movements under “Ma-
rine.” ) The increased demand for freight truck
movement is relatively modest in this mode]- 1.9
percent per year, compared with 2.5 percent for
the Argonne model. Other researchers have noted
that EIA’s growth rate for freight truck travel is
surprisingly low, whereas truck efficiency im-
provement is rapid.™ The EIA analysis also
implies that oil prices have little or no effect on
freight transport energy use. The projected im-
provement in freight truck energy intensity, for
example, is the same at a 2010 oil price of $18 per
barrel as at $38 per barrel ( 1991 dollars).™

TABLE 2-7: Argonne Forecast of Freight Transport
Energy Use (quads/year)

Change

Mode 1990 2010 (percent per year)
Truck 525 707 15
Train 053 095 30
Marine 034 038 06
Air  freight 005 006 16
Pipeline 068 070 03

Total 6.84 9.15 15

SOURCE Argonne National Laboratory, Forecast of Trans
portation Energy Demand Throughout the Year 2010 ANL
ESD-9 (Argonne IL November 1990 revised April 1991) p 3
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TABLE 2-8: AEO Forecast of Freight Transport
Energy Use (quads/year)

Change

Mode 1990 2010 (percent per year)
Freight 506 657 13
Rail 049 059 09
Marine 139 202 19
Pipelines 068 081 09

Total 7.62 9.99 1.0

SOURCE U S Department of Energy EnergyInformation Ad-
ministration Annual Energy Qutlook 1993 D O E EIA-0383(93)
(Washington DC January 1993) p 96

The assumptions and results of the Argonne and
EIA models can be examined by comparing them
with the results of a simple extrapolation of past
trends. As discussed above, it seems likely that
past trends (notably increasing demand for higher-
value-added goods, moderate growth in basic
commodity” movements, and continued moderate
penetration of energy-efficient technologies) will
continue. Therefore a simple extrapolation of past
trends is a useful reference case.

The results of such an extrapolation are shown
in table 2-9. This calculation uses historical trends
in demand (ton-miles per year) and energy intensi-
ty (Btu per ton-mile) to forecast energy use. For
example, to calculate train energy use in 2010. de-
mand for train movements and train energy inten-
sity in 2010 are calculated first by assuming that
historical (1970-90) rates of change continue in
the future ( 1990-2010). Demand and intensity in
2010 are then multiplied to yield energy use.

This simple extrapolation. in comparison with
the Argonne and EIA models, shows much higher
growth in freight truck energy use—3.4 percent
annually versus 1.5 and 1.3 percent annually, This

170 This increase is due to rapid expected growth in coal movements from western mines to eastern and southern powerplants

171 D. Gately. "The U.S. Demand for Highway Travel and Motor Fuel,™™ The Energy Journal, vol. 11, No. 3, 1990, pp. 59-73.

172 Energy Information Administration, op. cit., footnote 10, pp. 6, 150, 168.
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TABLE 2-9: Simple Extrapolation of Freight Transport Energy Use

Energy use (Quadslyr) Growth
Percent Quads

Mode 1989 2010 per year (1989-2010)
Truck 4.9 98 +3 4 49
Rail 0.4 03 -12 -01
Water 03 04 +14 01
Air 01 02 +4 5 01
Pipeline 03 04 +21 01

Total 5.9 11.1 +3.0 5.1

SOURCE. Off Ice of Technology Assessment, 1994

is due in part to the extrapolation of past trends in
truck freight energy intensity, which was relative-
ly flat from 1970 to 1990.™ In the absence of ma-
jor technological or policy changes, thereislittle
reason to expect past trends to change.

Given the uncertainty both in the historical data
and in future economic conditions and oil prices,
these forecasts should be interpreted with care.

One can, however, be reasonably confident about
major trends shown by all three efforts-that truck
energy use will continue to be much higher than
that of the other modes, and that air freight will
continue to be a trivial energy consumer despite
the rapid growth in demand for air freight move-
ments that is forecasted. ™

173 As discussed above, truck energy efficiency (miles per gallon) improved very slowly In the past20 years. Data ontnicnsity (Btuper

ton-mile) are uncertain, but show a similar pattern. In addition to the factors discussed above—such as increased highw ay speeds—intensity
was probably influenced by decreases in cargo density, which led to trucks filling up their cargo areas before reaching (heir weight | imits. This
would increase intensity, as measured by Btuper ton-mile, but is not a decrease in efficiency.

174 o fourth analysis, not discussed here, also found that truck energy will continue to dominate freight transport energy use and that air

freight will continue to bea small energy user. See Union of Concemed Scientists, America’s Energy Choices (Cambridge, MA: 1992), technical

appendix, p. D- 10.
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U.S. System
Energy-Efficient?
A Comparison
With Europe

n arguing about the potential for improving U.S. transporta-

tion energy efficiency, it is tempting to point to Western Eu-

rope as a model. Although average Western European “per

capita’ income levels are similar to those in the United
States, the average citizen of a European OECD (Organization for
Economic Cooperation and Development) country uses far less
energy for travel than an average U.S. citizen. In 1990, citizens of
Great Britain, West Germany, France, and the Scandinavian
countries used about 30 to 40 percent as much and the average
Italian citizen about one-fourth as much energy as U.S. citizen s|]
This large disparity may not seem surprising given the similar (a-
though inverted) disparity in energy prices-in 1990, European
gasoline prices averaged about three times those in the United
States, and Italian prices four times as much—abut there may be
additional reasons for the energy use differential.

US. POTENTIAL TO MOVE TOWARD EUROPEAN
TRANSPORT ENERGY LEVELS

The large differences between European and U.S. per capita trans-
port ation energy use raise two obvious questions. First, do the dif-
ferences reflect primarily differences in efficiency; that is, are the
Europeans just doing a better job than Americans are of supplying
the same basic transportation services? In other words, should we
be trying to emulate the European model ? Second, to the extent

" Data obtained from L. Schipper and N. Kiang, International Energy Studies, Law-
rence Berkeley Laboratories, inadvance of publication in Oak Ridge National Laborato-
ry, Transportation Energy Daia Book, ed. 14 (Oak Ridge, TN: forthcoming).
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that energy use differences reflect differencesin
efficiency, would shifts in U.S. energy and trans-
portation policy toward European norms--e.g.,
high taxes on fuels and vehicles, and zoning re-
strictions designed to maintain high residential
densities—Ilead to significant reductionsin U.S.
energy consumption toward European levels?

These questions are sometimes answered in the
affirmative without any analysis to back them up.
For a number of reasons, the correct answer might
be“no” or “not entirely,” and these reasons must
be thoroughly explored before a definitive answer
is given. As an example, for the first question, the
differences in energy use could represent in part
differences between Europe and the United States
in geography and demography or in the quality
and quantity of transportation services each sup-
pliesto its residents. It is well known that levels of
energy consumption in less-developed countries
are well below those of the United States, but the
reasons have everything to do with the level of ser-
vices and nothing to do with efficiency (the effi-
ciency of systemsin less-developed countriesis
generally far less than that of the United States).
As for the second question, matching policies may
not yield matching results. The extensive trans-
portation infrastructure of the United States may
create a status quo that limits the shifts in energy
consumption achievable with feasible policies.
Also, some of the differences between the United
States and Europe may be caused less by policy
differences than by differences in history and cul-
ture, and so cannot be undone by policy. For ex-
ample, most European cities are substantially old-
er than U.S. cities, and built for foot and animal
traffic rather than for automobiles. Their greater
residential density and lower travel requirements
are due at least in part to this history. In fact, some
analysts claim that European transportation is
moving inexorably toward the U.S. model, de-
spite the great differences in policy.

This chapter addresses the questions raised
above, drawing on the work of several researchers
who have examined and compared U.S. and Euro-
pean energy use. In doing so, the differences be-
tween U.S. and European energy use today are ad-
dressed, and the trends examined; the latter
examination adds a critical dimension to the dis-
cussion.

The analysis is preliminary and exploratory,
not definitive. The very critical question of com-
parative mobility is not addressed. Even though
Europeans use far less energy for travel, do they
still enjoy mobility—measured not in miles or ki-
lometers per year but in the ability to access recre-
ational, social, cultural, and employment opportu-
nities—at levels similar to those enjoyed by
Americans? Although this question is at the core
of afair energy comparison, any quantitative anal-
ysis would be extremely subjective, and adequate
data are lacking. Nor can the relative roles of gov-
ernmental policies and other influences in shaping
transportation energy use be distinguished clearly,
because of the great complexity of the systems in-
volved and the lack of “controls’ in evaluating
the effects of changes in palicies.

In this brief examination, comparisons with
various countries are made, because the sources
consulted do not all use the same ones. However,
al comparisons include West Germany, the
United Kingdom, France, and Italy, which togeth-
er account for a mgjor share of European trans-
portation demand and energy consumption.’

PASSENGER TRANSPORT ENERGY IN
THE U.S. AND EUROPE TODAY

Table 3-1 presents some basic statistics compar-
ing passenger transportation energy use values
and indicators for five European countries and the
United States. As noted above, U