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on white collar workers with a managerial and
professional specialty, or workers in sales and
clerical jobs.279 These information workers,
those who deal primarily with creating, distrib-
uting, or using information. are the most likely
to be telecommuters in the next several years.

Approximately 50 to 60 percent of contempo-
rary U.S. civilian jobs, or 73.3 million of the
129 million workforce, are information
jobs.280By 2002, this number is expected to in-

crease to 85.5 million, or 59 percent of the
workforce. DOT’s projected upper bound of
telecommuters in 2002 is 15 million, about
10.5 percent of the workforce or 17.5 percent of
information workers. This is a gain of 650 per-
cent over the next 10 years, with half of the
growth occurring in the last 3 years. The lower
projection is half of the upper bound and as-
sumes a gain of 250 percent over the same peri-
o d .2 8 1

2. Reductions in trips and vehicle-miles traveled.
According to National Personal Transportation
Survey statistics for vmt, 3.7 billion vmt (or 0.7
percent of the total passenger car commuting
vmt) were avoided in 1992 by the 1.6 percent of
the work force that telecommuted. DOT’s upper
forecasts of the annual commuter passenger car
vmt avoided in 1997 and 2002 are, respective-
ly, 12.9 billion and 35.1 billion, or 0.63 and 1.4
percent of the total passenger car vmt (2.0 and
4.5 percent of total passenger car commuting

vmt).282 The lower bound of vmt avoided is 10
billion in 1997 and 17.6 billion in 2002, or 0.49

—

and 0.70 percent of total passenger car vmt ( 1.6
and 2.3 percent of total passenger car commut-
ing vmt), respectively.

3. Reductions in energy use. According to the up-
per bound of vmt reductions presented above,
telecommuting will save619 million gallons of
gasoline in 1997 (14.7 million barrels), or 0.8
percent of the total used by passenger cars, and
1,679 million gallons in 2002 (40 million bar-
rels), or 2.1 percent of the total.283 These sav-
ings will reduce Federal and State fuel tax reve-
nues by $57.5 million in 1992 and $540.8
million in 2002 as an upper bound ($270.3 mil-
lion as a lower bound).

Policies To Stimulate Telecommuting
Although there can be substantial marketplace in-
centives for companies to initiate telecommuting,
including enhanced access to skilled workers, in-
creased worker satisfaction and productivity, and
savings in office space, the substantial public
benefits in reduced congestion, oil use, and air
pollution may justify government promotional in-
centives. These may include changes in tax policy
to allow companies to deduct some of the direct
costs of the initial startup of telecommuting pro-
grams, such as worker training and telecommu-
nication equipment costs, and to allow telework-
ers to deduct computer and telecommunications
equipment as a business expense on personal in-
come taxes. Local governments can amend zoning
requirements to allow a reduction in the minimum
number of parking places in office buildings to

270J.  H .  P ra t t ,  vl>th$  a n d  Rca//tic\ (!I \4’orklng at tlotnc:  (’l~oro~lcrlsti~s  o~ Homcbased Buslrress  Lhtners  and  Tclecommuters,

SBA-6647-OA-9  I (W’iishlng(t)n,  DC Sn]all  Bus]ncss  Adn~inlsiratltm,  March 1993), p. 26.

~ROAshtA  B, Boghani  et al., “(’an “relcc~)nlrllt]n]catlt)ns  Help St~lve America’s Transportation Problems?” (Cambridge, MA: Arthur D.

Little, Inc..  1991 ), Rcfcrcnce  6S740, p. 25, See als{~ J. NIlles, “Traffic Reductkm  by Telecommuting:  A Status Review and Selected Bibli(Jgra-
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give incentives to new businesses locating in an
area to implement a telecommuting program.

One of the biggest impediments to telecom-
muting is the lack of information on successful
projects. California has a Telecommuting Adviso-
ry Council with more than 300 members, which
acts as a clearing house for information and advice
on telecommuting.

284 Several cities and Federal

agencies have taken part in Federal- and State-
sponsored telecommuting demonstration proj-
ects. An increase in the number of projects com-
bined with a careful documentation of the
economic and environmental effects of these proj-
ects could decrease employer resistance to tele-
commuting.

9 Public Investments, Information,
and Other Efforts To Manage
Transportation Demand

High-Occupancy Vehicle Lanes
HOV lanes are freeway, highway, or city arterial
lanes restricted to vehicles containing two or more
passengers. By providing a congestion-free alter-
native to normally congested traffic lanes, HOV
lanes encourage ridesharing by reducing or re-
versing the time penalty generally incurred in
picking up passengers (which often requires ad-
ding to trip length). And by encouraging rideshar-
ing, HOV lanes may reduce the number of ve-
hicles in use at any one time and thereby reduce
gasoline consumption. This is especially impor-
tant during rush hours, when congestion is at a
maximum.

HOV lanes may be converted from existing
highway lanes or newly constructed. All HOV
lanes are likely to face enforcement problems
from encroachment of nonqualifying vehicles.
The benefits of newly built HOV lanes tend to be

‘84BtJghani  ct al., t)p.  cit., footnote”  280, p. 8.

uncertain because to the extent that they relieve
congestion in parallel lanes, they may encourage
additional traffic. The likely magnitude of this
“latent demand” for additional travel remains a
source of controversy in the planning community,
although experience with opening new highway
lanes shows it clearly exists. Also, newly built
HOV lanes introduce substantial costs for
construction and maintenance. Where HOVs are
developed from existing lanes, on the other hand,
congestion may increase in the remaining lanes,
thereby increasing fuel use (and emissions) in
nonparticipating automobiles but providing a
more certain incentive for carpooling and a more
certain net fuel savings.

Both CAAA and ISTEA encourage construc-
tion or conversion of HOV lanes. CAAA lists
HOV lanes as an allowed transportation control
measure for air quality implementation plans and
exempts HOV construction funds from any sanc-
tions induced by failure to comply with the Act’s
requirements. ISTEA makes HOV lanes in air
quality nonattainment areas eligible for Conges-
tion Mitigation and Air Quality funding.285 IS-
TEA also permits State authorities to designate a
two-passenger vehicle as a high-occupancy ve-
hicle, a shift from previous FHWA policy limiting
HOV designations to vehicles with three or more
passengers.286

In North America, there are 40 HOV projects
on freeways and other separate rights of way.
These projects are dispersed among 20 metropoli-
tan areas and cover roughly 340 miles. These proj-
ects vary by hours of operation (from 2 to 24 hours
per day) and occupancy requirements (two to
three or more passengers, and bus-only lanes).
Under current plans, this capacity will more than
double in the next decade, increasing to 880 miles
by the year 2000. In addition, there are many more

285C.K.  Leman  et al., Institute for Transp~rtati(m  and the Environment, “Rethinking H, O. V.: High Occupancy Vehicle Lanes and the Publlc

lntercst,  ” discussl(m  draft, Ma> 1993.
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projects in off-freeway settings, such as urban ar-
terial streets and bus-only lanes, ranging in length
from several city blocks to as many as 10 miles.287

Two recent studies suggest both the potential of
HOV lanes to reduce the growth of vehicle travel
and the difficult y of accurately measuring their ef-
fectiveness. The first study examined the effec-
tiveness of HOV lanes on Interstate 5, linking
downtown Seattle with its northern suburbs.
based on vehicle counts before and after HOV
construction. 288 The HOV lane was available in
late 1983, and vehicle counts were taken from
1978 to 1989. Adjusting for the growth in the
number of households and their income, the study
determined that the increase in vehicles was less
than had originally been projected (with no HOV
lane) for every year after the HOV became avail-
able. (As the authors stressed, HOV lanes are
judged effective if vehicle counts for the corridor
increase more slowly than projected. As popula-
tion and auto ownership rates increase, travel vol -
ume is projected to increase even with effective
HOV projects.)

In fact, the study determined that the reduction
from expected demand levels increased over time,
with a 6 percent reduction from projected levels in
1984 and a 35-percent reduction in 1989. The
study concluded that based on this reduction of
projected travel demand, HOV lane effectiveness
in Seattle was comparable to the 10- to 25-percent
reduction in congestion thought possible by using
road pricing along congested routes.

Despite these encouraging results, the basic as-
sumption of the study—that the HOV lanes were
the reason for the decrease—is speculative. In par-
ticular, the study did not evaluate or consider other

potential factors that may have slowed actual
growth in travel demand, such as the availability
and use of alternative routes, possible changes in
mass transit capacity and use. and especially.
shifts in the geographic distribution of employ-
ment and residential settlement over the 12-year
period. Although the HOV lanes may have had a
significant (if not the major) impact in reducing
travel demand on Interstate 5, this example illus-
trates the complex challenge in evaluating pre-
cisely the impacts of TDM measures such as HOV
lanes, because other factors may increase ride-
sharing or reduce travel demand.

Using a different measure of effectiveness,
another study examined changes in carpooling
rates after the construction of a 13-mile HOV lane
on Route 55 in Orange County, California.289 The
HOV lane opened in 1987, and within a few years,
vehicle occupancy increased between 7 and 9.5
percent. The increased occupancy was significant
and greatest for workers using more than half of
the 13-mile HOV lane (a 12.3-percent increase in
carpooling). Other statisticall y significant

changes in carpooling applied to workers retain-
ing the same jobs and residences for at least two
years (6.7-percent carpooling increase) and work-
ers traveling between 6 and 9 a.m. (3.5-percent in-
crease). Unfortunate] y. although the increase in ri -
desharing is clear in this case. the net impact on
total transportation demand requires separate
measurement because of the potential for in-
creased travel demand caused by reductions in
congestion and increased total road capacity.
Another source of potential error in HOV lane ef-
fectiveness calculations is the potential for such
lanes to pull passengers from transit: according to



244 I Saving Energy in U.S. Transportation

Pisarski, the socioeconomic characteristics of car-
pool riders and transit riders are very similar.290

When carpools pull passengers from transit, mea-
sured increases in vehicle occupancy overstate ac-
tual declines in vehicle travel.

In conclusion, HOV lanes’ effectiveness in re-
ducing vehicle travel is difficult to measure, and
the value of HOV lanes, relative to other invest-
ments, as a strategy to improve air quality, reduce
congestion, and reduce energy use is being in-
creasingly questioned by transportation planners.
At the very least, each proposed use of HOV lanes
should be carefully evaluated, with the potential
for conflicts with transit systems and stimulation
of travel fully accounted for in the analysis.

Intelligent Vehicle-Highway System
IVHS encompasses a range of technologies, many
still under development, that provide one or both
of two basic tools for drivers: so-called smart cars
(intelligent vehicles) and smart highways (intelli-
gent highways). These technologies taken togeth-
er are designed to provide drivers with an array of
real-time information, including road and traffic
conditions, directions to unfamiliar or distant
sites, identification of alternative routes, and de-
terminations of optimal and safe driving speeds
and automobile spacing on roads. A 1989 OTA
staff paper concluded that existing IVHS technol-
ogies could increase road capacity by 10 to 20 per-
cent but that this group of technologies alone is
not sufficient to eliminate urban traffic conges-
tion. 291

IVHS has been presented as a means to reduce
gasoline use based on the improved technical effi-

29~isarski, op.  cit., footnote 128.

ciency of vehicles in free-flowing traffic. How-
ever, IVHS may lead to increased travel and gaso-
line use by reducing congestion and travel times,
so energy savings from improvements in operat-
ing conditions must be balanced by this potential
travel take back. There is nothing about IVHS, per
se, that would encourage ridesharing.

IVHS technologies include advanced traffic
sensing and signal control technologies to im-
prove traffic flow, as well as advanced on-board
systems to help drivers interpret highway system
data to reduce travel time, improve safety, or both.
Although at least 60 IVHS-related technologies
exist, 292 their broad functions are far less numer-

ous, consisting of three major groups of systems:
advanced traffic management (ATMS), advanced
traveler information (ATIS), and automated ve-
hicle control (AVCS). Each of these categories
possesses technologies with unique roles and dif-
fering merits.

Many observers regard the ATMS as the most
promising group of IVHS technologies,293 but
that perception is arguably related more to the
unique nature of this technological approach than
anything else about these technologies. In short,
ATMS technologies are designed to monitor traf-
fic via radar and other remote tracking systems, to
analyze these data, and to alter traffic flow elec-
tronically and automatically by adjusting signal
timing and freeway ramp controls, and by provid-
ing information on roadside bulletin boards. Un-
like the other two major groups of IVHS technolo-
gies, therefore, ATMS bypasses direct participa-
tion and interaction with the driver and reduces the
chance that drivers may not possess, understand,

29 I U.S. Congress, Office Of Technology  Assessment, Science, Education, and Transportati(m  Program. “Advanced Vehicle/Highway S)s-

tems and Urban Trat%c  problems,’” staff paper, September 1989, p. i.

292PF  R()~h&rg, congressional”  Research servi% ‘“ln[elligent  Vehicle Highway Systems: Challenges, Constraints, and Federal Prt~-. .

grams,” 92-189 SPR, Feb. 18, 1992, p. 1.
zg3see, e.g., D.K. will is> “IVHS  Technologies:”  Pr(mlising  Palliative or Popular  Poppycock’?”” 7ran~por;aiion  Qmrlcr/~,  vol. 44, N(). 1,

January 1990, pp. 73-84.
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or act on other on-board IVHS technologies. By
acting outside the vehicle on the larger transporta-
tion system, ATMS technologies may also reduce
the potential safety hazards that a complicated or
distracting on-board technology could introduce
by drawing the driver’s attention away from the
road, even if only briefly.

ATIS technologies may be used to enhance
ATMS tools. ATIS technologies are on-board sys-
tems that impart information about traffic condi-
tions and alternative routes and may include elec-
tronic maps and navigational tools. Unlike major
ATMS technologies, ATIS information may be
tailored to an individual driver travel plans and
thus, in principle. provide complete information
that assists a driver for the entire trip, from depar-
ture to final destination. These technologies,
therefore, may be especially useful for drivers
with multiple route options, assisting both local
residents and visiting travelers seeking the best
routes during a given day or time.

The third major IVHS category, AVCS technol-
ogies. is geared toward traffic safety. These on-
board technologies may assist or, in the most ex-
treme cases, replace or override drivers. Assistive
AVCS technologies include adaptive cruise con-
trol, obstacle detection, and infrared sensing to
improve safety for night driving. Other AVCS
technologies are designed to intervene directly in
driving, including automatic braking, cruise con-
trol, and maneuvering: the rationale behind these
technologies is to maintain optimal but safe dis-
tances between vehicles to improve driving and
traffic flow. The most ambitious AVCS technolo-
gies under development involve automated driv-
ing, where human drivers essentially become pas-
sengers until reaching their destinations.

In principle, IVHS technologies aim to make
optimal use of road space, while maintaining safe
distances from other vehicles and objects. By im-

—.

proving the efficiency of road and lane use, IVHS
technologies promise to reduce traffic congestion
and driving times, which could reduce vehicle
emissions and fuel use per vehicle-mile of travel.
but such road improvements could lead to more
vehicle-miles traveled.

There are other potential drawbacks to IVHS
technologies. First. absent changes in production
and implementation costs, their expected expense
is substantial]. According to the Federal Highway
Administration, installing ATMS technologies on
the more than 15.()()0 miles of U.S. urban high-
ways will cost $30 billion to $35 billion,294 and
the costs for on-board technologies will increase
this amount further, adding an estimated $1 ,500(0
$2,000 per vehicle, although these costs are ex-

pected to decline as production volumes in-
crease. 295

However, if reported estimates of annu-
al congestion costs ($30 billion to $100 billion,
current dollars) and traffic accident costs ($75 bil-
lion to $100 billion, current dollars) are reason-
ably accurate, then a $30-billion investment in
ATMS would be fairly cost-effective If congestion
and accident costs were reduced as little as 5 per-

296cent per year.
Second, many IVHS technologies may not

work well (or at all) incrementally; that is, they re-
quire broad applications of road system and vehic-
ular technologies. As a result, incremental invest-
ments may not be fruitful, thus limiting the
chances of gradual implementation. Third, many
on-board ( “smart car”) technologies require driv-
er interaction and attention, which may reduce
safety by distracting drivers, particularly in chal-
lenging congestion and weather conditions when
they are most likely to use the technologies. Final-
ly. concerns about legal liability in cases when
AVCS technologies fail and cause accidents may
limit industry interest in these tools.
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Despite these potential drawbacks, congres-
sional interest in IVHS technologies has increased
markedly in the last several years. The Intermodal
Surface Transportation Efficiency Act of 1991
(Public Law 102-240) authorizes a total $659 mil-
lion for IVHS research and development for fiscal
years 1992 through 1997.297 Also, at least $150
million in additional IVHS funds are authorized
by 1992 Department of Transportation funding.
This amount represents a major increase from ear-
lier IVHS authorizations, which totaled about $4
million in 1990 and $24 million in 1991.298 These
projects will help determine IVHS impacts on
traffic flow, congestion, and road safety, but the
impacts on total vehicle travel and energy con-
sumption (the focus of this report) are worth ex-
amining as well.

Improved traffic signaling
Although this is often discussed in the context of
broader IVHS applications, changes in traffic
signaling have already demonstrated their poten-
tial to reduce traffic congestion without major in-
vestments in IVHS projects. For example, urban
travel times have been reduced as much as 25 per-
cent by improved timing of traffic lights. In Los
Angeles, the Smart Street project around the Uni-
versity of Southern California has reportedly re-
duced both travel time and fuel use about 13 per-
cent .299

9 Conclusions
Some of the more optimistic evaluations of trans-
portation demand management strategies suggest
that they may reduce peak hour travel volumes by
10 to 25 percent, depending on the strategy chosen
and how aggressively it is applied, and they con-
clude that in some cases, travel volume and con-
gestion may be reduced even further, although the
political and economic costs would likely prevent
implementation.

OTA believes that estimates such as these
should be treated as highly uncertain, and policy-
makers should recognize the large variability of
TDM effectiveness, depending on location and
circumstance, as well as the experimental nature
of many TDM initiatives. Nevertheless, there is
enough positive experience with certain types of
TDM measures—moving to paid parking is an ob-
vious example—that policy makers can expect
strong] y positive results with well-designed TDM
programs.

Current information suggests, however, that no
TDM measure by itself will eliminate traffic con-
gestion, and no TDM measure will significantly
reduce congestion in all circumstances. More-
over, some TDM strategies may increase transport
energy use by improving traffic flow, thereby en-
couraging more and perhaps longer trips. Identify-
ing the best TDM strategies for a city or region
will depend on the nature of the major problem
(congestion, air emissions, energy use) and the
particular conditions of the corridor under consid-
eration, whether city, county, or region.

Finally, transportation policy planners should
appreciate several other points about current TDM
strategies:

= State and local authorities generally do not pur-
sue TDM to conserve energy.

■ Most TDM strategies have not been implement-
ed on a large scale, and most have not yet been
adequately evaluated, particularly from the
perspective of energy consumption.

~ Most TDM strategies implemented thus far
have focused on worktrips, although these rep-
resent only about one-quarter of all trips.

m Any reduction in existing transportation de-
mand has the potential to spur latent demand.
Consequent] y, promising results from employ-
er-based or metropolitan-based programs should
be considered tentative until the effect on total
regional travel (and energy use) is understood.

~97Publlc  Law 102-240, 105 Stat. 2194, sec. 6058(a)-(b),

298 RtJthberg,  op. cit., ftx)tnote  292, summary page,  p. 1.
29(} Willis, op.  cit., f(x~tm)te  293, p. 77.
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■ Given the variety of TDM options and the
conditions that determine which will be opti-
mal in addressing travel demand, selecting or
implementing specific programs is necessarily
a local exercise. Thus, Federal transportation
policy planners would do well to support and
encourage (rather than direct) local choices in
the selection of optimal TDM strategies.

1 Policy Context
This section offers policy options to increase the
energy efficiency of the freight transport system.
Several points, which are common to all policy
options, provide the setting within which to con-
sider them.

1.

2.

Freight transport plays a key role in the
economy, and national goals for the freight
transport system may not always be consistent
with energy efficiency. Desirable attributes of a
freight transport system include low cost, high
reliability, high speed, high flexibility, mini-
mal losses and theft, and high availability. In
many cases, increased energy efficiency can re-
duce costs and thereby improve the freight sys-
tem overall;300 however some policy options to
increase energy efficiency-such as reducing
speed limits—may adversely affect other goals
(in this case, speed of goods delivery). These
tradeoffs must be recognized when making
policy decisions.
The freight transport industry itself is a sig-
nificant part of the economy—for example,

3.

4.

about 2.1 million people are directly employed
301 Policies affecting the energyin the industry.

efficiency of the industry could significantly
affect the industry in other ways as well—for
example, shifting freight from trucks to trains
would certainly shift employment as well—
and these effects must be recognized.
The Federal Government has long played a
role in the freight industry: 1 ) The national
highway system was initially rationalized in
part for national defense and is now used by
trucks, which are responsible for a significant
fraction of the maintenance requirements of

302  2)Navigable Waterwaysthese highways.
used by freight barges are often dredged and
maintained by the Army Corps of Engineers.
(3) Railroads, which operate on privately
owned rail networks, were originally regulated
as a response to monopoly pricing practices and
an attempt to ensure appropriate pricing. At
present, many freight modes are regulated and
subsidized in different ways, and policy
changes affecting the industry should recog-
nize the history of regulation and the current
pattern of subsidies in the industry.
Evidence from past successes and failures in
policies to influence automobile energy effi-
ciency should be used to craft successful po-
licies for truck energy efficiency. In the last 20
years the Federal Government has tried a vari-
ety of approaches to increase the energy effi-
ciency of the private automobile fleet, includ-
ing requiring energy consumption labels, fuel
economy standards, and financial incentives
(e.g., the gas guzzler tax). Many of these ap-

~~1 Bureau  of (he Census,  op. cit., footnote  259. p. ~7.

~t)~whethcr  or not  trucks pa) thctr ‘“ fair share”  t~f Ihese costs is a contcnti(~us  issue: htlwc~ m, a C{)ngrmsl(mal  Research Scn ice anal) sis ~~f

Department of Transpwtatltm  research states, “M[)st  heai y trucks do not  pa}  thclr  fait share  ftlr Liw of Federal-ai(i highways, ii~~tlrdlng  ti~ the

U.S. DOT.’” C(mgres\ltmal Research Service, “Truchs and Puhlic  Pt)lIcy.” 9 I - 15E, p. 5.
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preaches could be used with freight trucks as
well.

I What Is the Potential?
The future potential for energy conservation in the
freight sector lies largely with reducing truck en-
ergy use, because trucks consume the major part
of U.S. freight energy—more than 80 percent. The
technical and operational potentials for reducing
truck energy use were discussed in chapter 2. As
noted there, demonstration runs combining com-
mercially available technology, highly trained
drivers, and ideal operating conditions yield
impressive efficiencies--50 to 70 percent greater
than the existing fleet. These results may not be
achievable in day-to-day operation, but they do
provide an upper bound on what could be
achieved with today’s technologies. If all heavy
trucks achieved this level of energy efficiency, en-
ergy use would drop by about 0.9 quads, or 15 per-
cent of total freight transport energy use.303

Aside from these technical improvements,
truck energy use can be reduced by shifting to al-
ternative freight modes. Each freight mode has
characteristics (see table 5-12) that are best suited
for certain cargo. For example, trains and barges
can move high volumes of goods at low cost, yet
tend to be slower than trucks and are restricted to

Rail Truck Barge Air——— —

Geographic coverage M H L H

Speed M H L H

Energy efficiency H M H L

cost I#M M/H L H

KEY H = high M = medium L = low

SOURCE Off Ice of Technology Assessment 1994

existing tracks and waterways; they are therefore
best suited for long-distance transport of high-
density basic commodities such as coal and grain.
Trucks and air can respond quickly to new de-
mands, can go almost anywhere, and are generally
fast and reliable, but cost more as well; they are
therefore best suited for distribution of higher-val-
ue-added intermediate and consumer goods.

In recognition of these varied attributes, inter-
modal transport (use of multiple modes) has been
growing rapidly. This typically involves using
trucks for local pickup and delivery, and trains for
long-distance hauling. The same container or
trailer is used by both trucks and trains to reduce
transfer delays and minimize losses and theft.
Some transportation companies are investing in
multiple modes: one large trucking firm, for ex-
ample, recently made agreements with several
railroad companies, and is investing in containers
that can be carried by both trucks and trains.304

The growth of intermodal movements--especial-
ly double-stack containers on flatcars--has led to
trains taking an increasing share of these long-dis-
tance movements in corridors where train service
is available.

Although each mode has markets that are best
suited for it (e.g., commodities by train and barge,
shorter-haul time-valued goods by truck), trains
and trucks do compete in some markets. One anal-
ysis identified commodities-including motor
vehicles, paper, and chemicals—that collectively
account for more than one-third of both truck and

305 Although data on just wheretrain ton-miles.
trucks and trains carry these products are not
available, there is general agreement that trucks
and trains do sometimes compete for the same
movements.

These competitive markets are not well de-
fined, but in general, for long-distance move-

.W3~e  ~~[  ~onlrllerclal  It al ~lIabIe  tn]chs arc 62 PCrccn(  more  efficient [han the cx is[ing Ileet (set chapter 2, [able 2-6, average of 72 and f I.
percent. respectively ), [hcrcf(m  replacing the tlcet will reduccenergyf  usc ( 1-1 I .62) t~r 38 pcrct.m[.  Heat y trucks  ucc(mnt  for ab{wt 5 I percent of

truck  energy  usc (chapter 2, table 2-3). trucks use 4.9 quads per yctir (table  2-2): thercf(m savings -4.9 x 0.38 x 0.51 = 0.9 quads.

~()~.-EYerY  pr{)b]elll  is ;in opp~~uni[y (J. B. Hunt Transp(wt  Scrviccs). ” I“orrune, NOV. ] 6, 1992..
3051n ] 987 .S KC) ~onlrllo~l(l~s” in Ral I Truck Ct~lll~’tl[i~~n,” Inft rmod~// Trends, publtshed  by the Amcrlcan Ass(~latlt)n of Rai lrx)ads,  Mar.

3. I 989.
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ments of basic commodities, trains (and barges, if
waterways are available) are the dominant mode.
For long-distance movement of intermediate and
manufactured goods, trains and trucks often com-
pete; however the trend in recent years is toward
greater use of intermodal transport (containers or
trailers on trains). For intermediate move-
ments—600 to 1,600 miles—the two modes often
compete, and neither mode dominates.306 For
short-distance movements—less than about 600
miles—trucks are used almost exclusively be-
cause the y offer door-to-door service and minimal
loading time.

The energy savings of shifting freight from
truck to rail is made uncertain by the nature of
most freight energy data; they measure total ener-
gy use by mode, but the mix of products carried by
different modes is quite different. For example, in
1990, the average energy intensity for intercity
freight movement by truck was 3,357 Btu per ton-
mile, whereas the average intensity for intercity
freight movement by train was 411 Btu per ton-
mile, 307 or a ratio of 8: 1. However, an examina-
tion of the energy consumption by both trucks and
trains for moving identical cargo over the same

route, for a few specific cargoes and routes, sug-
gests that trucks use 1.3 to 5.1 times as much ener-

gy as do trains to move the same cargo over the
same route.308 This study found that trains gener-

ally use 150 to 310 Btu per ton-mile to move
mixed freight over long distances, whereas trucks
use about 770 to 980 Btu per ton-mile for the same

309 Many other estimates have been madeservice .

of modal energy efficiency-including some that
try to include not only the propulsion energy (i.e.,
energy required to move freight from one point to
another), but also the energy associated with ve-
hicle manufacturing, road and rail construction,
maintenance, and access (getting freight to and
from the terminal). A comprehensive but dated re-
view of these estimates found that they vary wide-
ly (suggesting that such numbers be used careful-
ly); and estimated that including all of these
factors would yield about a 1.7:1 truck-to-train en-

 These estimates suggest that forergy use ratio.310

long-distance movement of some commodities,
the energy savings from shifting freight from
trucks to trains could be significant, but much less
than would seem to be the case from a simple ex-
amination of average energy intensities.

A second key unknown in estimating the ener-
gy savings potential of mode shifts is the amount
of freight that could be shifted. One study esti-
mated that trucks move 54 percent. and trains 46
percent, of the nonbulk, long-haul (more than 500
miles) freight traffic.311 For an extreme case in
which all 308-billion ton-miles of this long-dis-
tance truck traffic shifted to trains, net savings
would be about 0.2 quad if only propulsion energy
is considered,312 and about 0.4 quad with propul-
sion, vehicle and infrastructure construction,
maintenance, and access energy.313

Shifting all the competitive freight would rep-
resent a doubling of present-day king-haul non-
bulk train movements, and therefore would re-

306.. Trend~ In Truc~’Raii  Market  share, “ /nternIodal  Trends, published by [he American AsstJcia(i(~n  of Railroads, Apr. 17, 1992.

~~TDaYis  and S[rang,  op.  ci[, footnote  I 34, p. 2-25.

N)tl Abacus Tcchno]ogy”  cow,  Rfli/ ,.~, Trllck  Energy Efi;~/enfY, contractor” re~~fl ft)r [hc Federal Railroad Administration, April ]991, p.

7-15. For  long-haul service, including effects of circuity.

~~~lbld.,  p. 7-4.

~ l~c{)ngres~lonal  Budget  ~ffice~ ““Energy Use in Freight Transportation,’” staff worlung  paper, February 1982. This cstlma[c  IS for a trailer

(m flatcar train and an interclty  truck.

3 I I ‘. Trends in Tm~k/Rail  Market Share, ” op. cit., f(xmwte  306.

3 I ~A~sunllno  g75 B[u ~.r  [on. nli]e  for trucks and  230 Btu ~r ton-nlile for trains,
D as in Abacus  Technf~l(~g> C~mp., op.  cl!., f(wtm)te 308, p.

7-4.

j I ~A~sunlln  C ~ 4~0 B(U ~.r  [on-nll]e f,)r  trucks  ~d 2,040” Btu  ~r tt)n-nli]~  for [rains, as ft)und  by’ (’(~ngrcssi(lna]  Budg~t  offic~,  op.  cit.,
0,

footnote  310, This cstlnlate  is for a trailer (m a flatcar train and an intercity truch.
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quire expansion in the train system. Existing rail
networks are not capacity-constrained, and im-
proved information technologies would allow
greater use of existing tracks. However, some new
tracks would have to be built in areas not presently
served, and more locomotives and freight cars
would be needed. In addition, some intermodal
transfer points are already heavily used and would
require expansion or relocation. Such a shift
would also have significant effects on the train and
truck industries themselves.

E Policy Options
Methods to increase freight transport energy effi-
ciency include greater use of commercially avail-
able technologies (such as improved aerodynam-
ics, tires, and engines), promotion of the
commercial availability of new and developing
technologies, operational improvements (notably
reduced speed and idling), and truck-to-train
mode shifts. Policy options include financial in-
centives such as taxes and subsidies; regulations
such as fuel economy standards and speed limits;
changes in Federal testing, research, and develop-

ment; changes in Federal procurement; early re-
tirement programs; and improvement of intermo-
dal infrastructure (table 5-13).

Financial Incentives

Energy taxes
One policy option for reducing energy use is to in-
crease the price of energy. This can be done with
an energy tax. Such a tax could take many forms,
including:

= Btu tax based on energy content,
● carbon tax based on carbon content,
■ simple percentage tax based on current price,

and
● flat tax per gallon.

Diesel fuel is already taxed by both the States
and the Federal Government. The current tax is in
the form of a flat tax per gallon.

Energy taxes are a contentious issue. Argu-
ments in favor of using a fuel tax to promote ener-
gy efficiency include the following:

1. It is relatively easy to implement and adminis-
ter. Mechanisms already exist to collect fuel

Increased
use More
of new Operational Mode

technologies technologies improvements shifts

Financial Incentives
Energy taxes
Feebates

Regulation
Fleet average requirements
Specific technology requirements
Increased truck size/weight limits
Enforce/reduce speed Iimits

Federal testing,evaluation, R&D
Federal procurement
Early retirement

P
P

P
P

—
—

P
P
P

P
P

P
—
—
—

P
P

—

P
—

P
P
P

P
—

—
—
N

—
—
—
—

KEY P = posltlve  effect, — = little or no effect; N = negative effect.

SOURCE Off Ice of Technology Assessment, 1994
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2.

3. .

4.

5.

taxes, and the additional administrative cost to
the government of increasing the tax would be
very low.
It can raise considerable revenue. Freight trans-
port consumes about 27 billion gallons of die-

 therefore,  a diesel tax in-sel fuel per year,314

crease of 1 cent per gallon would generate
about 269 million dollars.315 These funds
could then be used to provide incentives to
manufacturers and operators for research, de-
velopment, and purchase of energy-efficient
vehicles.
From the perspective of economic theory, a tax
is preferable to regulation because it guides. but
does not constrain, consumer choice. A tax al-
lows users to find their own methods to con-
serve (e.g., by investing in energy-efficient
technologies or by changing driving behavior).
It will affect both new vehicle purchase behav-
ior and operation of existing vehicles.
U.S. diesel prices are considerably lower than
those of other industrialized countries. In Ger-
many, for example, diesel currently costs $2.81
per gallon.316

Arguments against using a fuel tax to promote
energy efficiency include:

1.

2.

The magnitude of energy savings is uncertain.
It is generally agreed that, all else being equal, a
higher energy price will result in reduced ener-
gy use, but there is little agreement on the ener-
gy savings per unit of price increase. The sav-
ings will depend on the level of price increase,
of course. but will also be influenced by the
speed and visibility of the price increase (a sud-
den and widely publicized increase will result
in more behavioral change than a gradual, hid-
den increase).
Some users are unaware of the opportunities for
efficiency improvements. In these cases, taxes

alone without improved information will have
no effect on efficiency.
It increases the price of goods (to the extent the
tax is passed on to consumers). This could have
two important detrimental effects: Consumers
could reduce consumption, leading to reduced
economic output; and the economic competi-
tiveness of U.S. products on world markets
could be harmed. The over-al l economic effects,
however, will depend on how the tax is struc-
tured. A revenue-neutral tax would result in
shifts, but not necessarily decreases, in eco-
nomic output: and if tax revenues were used for
economically productive purposes then the net
effects on economic output are not clear.
It will affect different users different I y—for ex-
ample, a manufacturer located far from its mar-
ket will pay more than one nearby. This is not
necessarily a disadvantage, because the new
price may be “correct” in the economic sense.
but the differential effects may have political
implications.

Feebates
These programs are discussed earlier in more de-
tail. Feebates, or fee-rebates, combine rebates to
purchasers of efficient vehicles with surcharges on
purchases of inefficient vehicles. Feebates can be
revenue-neutral. by having the surcharges cover
the costs of the rebates and the administrative
costs. Such a program provides a financial incen-
tive for efficiency without requiring an increase in
government expenditures, and is more flexible
than a mandated approach such as a fuel economy
standard (discussed below). The disadvantages of
feebates include: 1 ) there is no large-scale pro-
gram experience, 2) they affect only new vehicle
purchases, and 3)  they provide no incentive for ef-
ficient operation of vehicles. The lack of program
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experience—specifically the lack of data on be-
havioral response to the combination of fees and
rebates—makes it difficult to estimate the energy
savings potential of such a program.

Feebate programs for trucks incur a special dis-
advantage because combination trucks are sold as
separate trailer and engine units, and because
trucks haul very disparate types of cargo. Conse-
quently, feebate programs may have difficulty
properly grouping competing vehicles. Further,
defining the “average fuel economy” necessary to
compute fees and rebates presents a special prob-
lem.

Regulations and Government Programs
Performance technology mandates
In 1975 Congress passed the Energy Policy
Conservation Act (Public Law 163), which

and
sets

energy efficiency requirements for automobiles
and light trucks. These requirements were in the
form of a minimum fleet average—the sales-
weighted average efficiency of new vehicle sales
was required to exceed a value set in the legisla-
tion. Although the costs and benefits of this legis-
lation are disputed, there is general (although not
unanimous) agreement that these requirements
played a large part in the doubling of the average
fuel economy of new automobiles—from 14 mpg
in 1975 to 28 mpg in 1990.317 More recently, leg-
islation was passed that set energy efficiency re-
quirements for electric motors, refrigerators,
lights, and other energy-using devices. For these
devices, minimum efficiency levels were set that
all units must meet. An evaluation of these stan-
dards found that energy and net cost savings were
significant. 318

The precedent for mandated energy-efficiency
goals suggests that such an approach be consid-
ered for trucks.319 A mandated approach to in-

creasing truck energy efficiency could take sever-
al forms. A fleet average requirement could be set,
as it is for automobiles and light trucks, and
manufacturers could determine the best mix of
technologies and price incentives to meet the re-
quirement. Such a requirement would have to be
normalized to account for different truck sizes and
purposes, since some manufacturers produce only
full-size trucks, whereas others produce a range of
trucks. Alternatively, a minimum efficiency level
could be set for each class of truck (e.g., all trucks
designed for pulling full-size trailers must achieve
a minimum number of miles per gallon).

One complicating factor in structuring such a
requirement is the interactive effects of trucks and
trailers. Most heavy trucks are designed to attach
to trailers, and the fuel economy of the combined
truck-trailer depends in part on the aerodynamics
of the trailer. There is a large existing fleet of trail-
ers that turn over relatively slowly; therefore it
would be inappropriate to require truck manufac-
turers to meet efficiency levels that require the use
of new, aerodynamically integrated trailers.

A milder regulatory approach might involve
the requirement of excess idle and/or speed warn-
ing lights, speed governors (already in use by
some truck fleets), and automatic shutdown to
eliminate excess idle.

1.

2.

3.

Advantages of a regulatory approach include:

It can result in large energy savings. As noted
above, regulations setting energy use for elec-
tric motors, heating and cooling equipment,
lights, automobiles, and light trucks are already
in place, and by most accounts have (or are ex-
pected to) resulted in large energy savings.
It is relatively inexpensive for the government
to implement and enforce.
It would speed implementation of existing or
near-market technologies. As discussed above,

317See ofilce of Technology” Assessment, op.  cit., footnote 7, p. 20-22, and the discussi(m  earlier  in this  chapter.

318 See discussion in U.S. congress, Office  ~~f Technolt)gy  Assessment, Bui/ding  Ener~v  l;~~icienc),  OTA-E-5  I ~ (Washingwn,  DC: U.S.

Government Printing Office, May 1992), p. I I 1.
. .

J lg~e setting of appropriate regulati(>ns would  require much better data (m truck size, use, energy ctmsumpti(m,  age. and s() forth  than

currently exist.
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technologies are available that significantly
improve efficiency.

Disadvantages include:

1. It is difficult to determine the optimal level at
which to set the requirement. The cost-effective
level of efficiency will depend in part on fuel
costs, which can fluctuate.

2. It may raise the cost of new trucks, thereby
slowing fleet turnover (and reducing energy
savings).

3. Regulations limit consumer choice. Some ar-
gue that consumers, not the government, are
best qualified to choose their preferred efficien-
cy level.

4. It can increase the costs of vehicle production
significantly if manufacturers are forced to re-
tool production lines.

5. It affects only new vehicles and provides no in-
centive for efficient operation of trucks. The
very high efficiencies achieved in some trucks
(see, for example, table 2-6) resulted from both
efficient technologies and careful driving; it
would be inappropriate to expect such results
from all drivers.

Increasing allowable truck weight and size
All else being equal, larger trucks are more effi-
cient in terms of Btu per ton-mile. However, in-
creasing allowable truck size may encourage
mode shifts from trains to trucks, reducing the net
energy efficiency gains. In add it ion, there are safe-
ty concerns with larger trucks that are as yet unre-

solved. 320 These issues suggest that further study
is needed before increasing size or weight limits.

Improved enforcement or reduction
of speed limits

There is a considerable energy efficiency penalty
from higher speeds. One generally accepted rule
of thumb is a 2.2-percent mileage penalty for each
mile per hour above 55.s21 Despite the energy
penalty, however, highway speeds have been in-
creasing since 1974. Improving enforcement of
existing speed limits, and reducing speed limits
from 65 to 55 mph, are policy options to consider.
Reduced speed limits will also enhance safety
and, unlike many other options, affect the entire
fleet and not just new vehicles. The chief disad-
vantage is the increased time requirement, with its
attendant cost penalty.

Recent data indicate that the average speed for
all traffic on rural interstate highways with a
55-mph speed limit is 60 mph. If this average ap-
plies to trucks as well, reducing average speeds
from 60 to 55 mph would reduce energy use by 2.2
percent/mph x 5 mph, or 11 percent. Trucks cur-
rently consume about 5 quads of energy (table
2-2), and about two-thirds of truck miles are for
nonlocal service.322 If three-fourths of nonlocal
truck-miles occur on highways, and highway
truck-miles are twice as efficient as nonhighway
truck-miles, reducing average truck speeds from
60 to 55 mph should save about 0.2 quad per year
of freight energy.323

32 I see  L  JohnSon”  et ~], 4. EnCrgy  Contingency planning for Frei ght  Transp)rtatitm,  ’” ANL CNS\r-34  (Argt)nnc.  11. Argf)nnc  Nallt)nal Lab-

oratory, August 1982 ), also American Trucking Asst)ciati(ms.  The Maln[cnance Council, 55 ir.  65: An Equipmcnf  opcrar(n~ ( ‘~~  if! ( “{wtp~~r-1

son  (Alexandria, VA: 1987),  p. 7.

322u  s Depaflnlen[  ~) fconlnlcrce,  Bureau  {)f the Census, ~}f~t k /r]~ et?/or) (Jnd Lr\c Sir) c}, TC87-T-52  ( Wishlngt{m. DC: ALl~Llst  1 ~~()). P. .

US-6.
3~3HlghwaY  tmck-nll]e~  are two.thlr~s  IIr]le~ thr~~.quafl~rs, or t~nc-half  of tt~[al truch-mi!cs,  Assum}ng  th~} t~rc  Iv 1~~ ~ls effi~l~nt s~lgg~sts

that they consume 4.9 times (me-third. or 1.63 quads, 1 I percent of [his IS about 0.2 quad.
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Federal procurement
The Federal Government currently has about
380,000 trucks.324 Changes in Federal procure-
ment to encourage or require greater energy effi-
ciency in new trucks would save energy by itself,
would demonstrate that energy-efficient technol-
ogies are available and effective, and would sup-
port markets for such products.

3 2 5  A l t h o u g h  m o s t

of the Federal truck fleet consists of light-duty ve-
hicles, the Federal government does purchase a
significant number of medium- and heavy-duty
trucks. The General Services Administration, the
major purchaser of vehicles for the U.S. govern-
ment, does not have energy efficiency require-
ments in its specifications for medium and heavy
trucks. These specifications could be modified to
include minimum mile-per-gallon requirements.

Federal R&D and information programs
At present, the Federal Government supports little
truck energy-related R&D. Although manufactur-
ers do considerable R&D, much of this is targeted
at safety, performance, and emissions goals. In an
era of flat energy prices, manufacturers see limited
market demand for energy efficiency. This sug-
gests that expanded Federal R&D support for en-
ergy efficiency may be appropriate.

Investments in energy efficiency require cred-
ible and complete information on the costs and
savings of such investments. Unfortunately, data
on fuel efficiency of trucks are often difficult to
find and, where available, difficult to compare
across models because there is no standardized
testing method. Extending the existing testing and

labeling program for light-duty vehicles to freight
trucks would provide consumers with the in-
formation needed to make optimal energy effi-
ciency choices. There is also a need for testing and
certification of energy efficiency retrofit devices,
notably aerodynamic add-ens. The effects of la-
beling programs are difficult to measure,326 but
there are several reasons for the government to im-
plement them: they improve consumer informa-
tion, they provide manufacturers with a marketing
tool to promote highly efficient models, and a
government program will probably be seen as
more credible than a program run by an entity with
a direct economic incentive in the outcome.

Early retirement
One barrier to rapid market penetration of energy-
efficient truck technologies is the existence of a
large fleet of relatively inefficient (as compared to
new units) trucks. Early retirement of old trucks
would improve the energy efficiency of the fleet,
and offer considerable emissions and safety bene-
fits as well. The disadvantages of such a program
include possible adverse equity effects and ques-

327 There is in-tions about its cost-effectiveness.
sufficient experience with such programs to
mount a large-scale early retirement effort; how-
ever, it may be appropriate to investigate smaller,
experimental programs to see how well they work.

Promotion of intermodal freight movement
Intermodal movements have been growing rapid-
ly, but there is room for this growth (o be acceler-
ated. A recent survey of shippers found that the

3z6E~aluati(m  t)f appliance labels is discussed in Office of Techn{)l(~gy  Assessment, op. cit., footnote  318, pp. 1 I 3-116.

327 Earj  V retlrerllent  ~) fears ,s dlscus~cd  in (-1. S. conor~~s  offic~ (JfTcchno]ogy”  Assessment, Rellrln,q  ~~/d ~’~ir.$.’ ~)rf~,~r~inj.j  ~~~  ,$~1~’f’  f;~J~(~/lnee,
f~nd ReAtwc EmI~  $tons,  OTA-E-536  (W’ashlngt{m,  DC U.S. G(wemnwnt  Printing Office, Jul} 1992).
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major barrier to greater use of intermodal move-
ments is the belief that intermodal transport is too
slow or unreliable.328 The causes of delay in inter-
modal service include excess circuity (i.e., un-
availability of direct-route tracks) and, perhaps
most important, excessive delays at terminals.
Many terminals are located in urban areas, are too
small for their volume of traffic, and are difficult
for trucks to access. Infrastructure changes, such
as truck-only access roads from highways to inter-
modal terminals, or relocating terminals outside

of urban areas, could be considered. The Intermo-
dal Surface Transportation Efficiency Act of 1991
(Public Law 102-240) established a National
Commission on Intermodal Transportation (sec-
tion 5005), and requires the Commission to report
to Congress on barriers to greater use of intermo-
dal service. Congress could consider the recom-
mendations of the Commission carefully, with the
recognition that improved intermodal service
could have significant energy efficiency benefits.

~~xlntcrn~tdal  Ai~~~clatit~n t~f North  Armmca and the Nati{mal  Industrial Transprtatitm  League, /992 /n~ermoda/  lnde.r  (Rivcrdale.  MD

Dcccmber  1992),  p. 14. Rallr{mls In general suffer  fr(m~  a reputatitm  f[~r unrel  iability and px)r service; however, this is starting to change—see
“’Big R:lI] I( Flnal]~ R(~undlng  the Bend. ” B1/\lnC\.$  tt’eeh’,  N(~v.  I ] , t 991, pp. ] 28-] 29.
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