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Abst ract

Divided into five topical Sections, this Report presents
information fromearly work on a study of the potential for the
General Mdtors Lean Machine in California narkets. The vehicle is
smal | and energy efficient, and if wdely adopted, it mght reduce
congestion and air pollution as well as energy consunption

The first Section of the Report identifies California and ot her
participants in the study; describes its prelimnary organization
and the roles of the University of California at Berkeley, Ceneral
Motors, Booze, Allen & Hamlton, and an Advisory Commttee; and
gives the timng of the phases of the nmulti year study.

The second Section provides descriptions of the Lean Machi ne and
the California situation. Mar ket  segnentation and market
penetration questions are then discussed, guestions to be
I nvestigated are identified.

The cost savings fromthe small parking spaces required by the Lean
Machi ne are considered in the third Section. Savings depend on the
type of parking facility, surface |lot or structure, and whether
exi sting spaces are restriped, all or part of an existing facility
Is reconfigured, or a new facility constructed. Depending on the
situation, daily savings mght range from $3.20 to $4.80.

Oanership and operating costs are considered in the next Section of
the Report. npari sons are nmade between the Lean Mchi ne and
| arger vehicles. The conparisons indicate that Lean Machine costs
m ght be from one half to one third |ower than the costs of
conventional vehicles. However, cost savings depend on how the
Lean Machine is used.

The final part of the Report, the fifth Section, considers the
i npact of the Lean Machine on road capacity. |npact depends on the
facility type, the quantity of road use, and the nunber of Lean
Machines in the traffic stream The discussion in this Section
considers selected situations and the inpact of the Lean Machine in
those situations. There is a discussion of congestion costs and
their incidence.



Pr ef ace

This Report provides information on a study assessing the
otential for the transition of the fleet of highway vehicles to
ean vehicles. \Wen conpared to current vehicles, |ean vehicles

are imagined to be, say, a factor of two nore energy efficient,

| ess expensive to own and operate, and |ess polluting. The
particular lean vehicle under study, the General Mdtors Lean
Machine, might serve comuting functions. It offers high

performance and has a small footprint. For these reasons, it may
I ncrease highway capacity and decrease congestion

~The initiating phase of the stud% has been conpleted, and the
first major phase of the study has been outlined but not
i npl enented as of the date of this Report, July 1990. . The
initiating phase included contacts with California Conmunities to
explore opinions about benefits and costs, market niches, and
appropriate field studies; the plan for Phase 1 of the study was
devel oped based on this information.  Prelininary exploration of
benefit-cost topics was undertaken during the prelimnary phase of
t he study: namely, parking and ownership and operating topics.
Wrk was al so undertaken on the affect of the Lean Machi ne on
hi ghway capacity and inplications for the adjustnents of highway
designs that would assist achieving capacity increases.

This Report provides information on the organization of the
study and the results of prelimnary explorations of parking,
ownershi p and operating, and highway capacity topics. In addition,
a di scussion paper provides a broad brush treatnment of topics
bearing on the adoption and use of the I ean vehicles in California.

~ The topics covered in this Reﬁort do not fully scope our work.
TOF|cs not yet addressed include the affect of |ean vehicles on air
0

lution and energy consunption. These are conpl ex topics
ecause consideration nust be given to | ean vehicles in the context
of the uses of different types of vehicles. In addition, air

Eollqtion and congestion benefits are site specific, and all
enefits turn on market penetration and use questions. FEyture work
wi Il introduce these considerations.
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1. ORGANI ZATI ON OF THE STUDY: PARTI Cl PANTS
Abstract

This short Section identifies California and other
participants in the study; describes its_prellninary
organization and the roles of the University o
California at Berkeley, General Mdtors, Booze, Allen &
Ham | ton, and an Advisory Conmttee; and gives the timng
of the phases of the nulti year study.

The study is a cooperative endeavor representing the com n?
together of California and General Mtors' interests. Knowing o
t he Lean Machi ne and i magi ning how there m ght be substanti al
benefits fromits use in California, the California Department of

Transportation (Caltrans) initiated a small, prelimnary study b
the Institute of Transportation Studies at the University o
California at Berkeley in June of 1989. At that sane tine,

interest in the work was expressed by the California Air Resources
Board and the California Ener?y Commission. The prelimnary study
included a reconnai ssance of [ocal study sites, the devel opment of
prelimnary information on the nature of benefits and costs, and
the outlining of a work plan.

The Lean Machine and other vehicles based on simlar concepts
were devel oped to prototype stage by General Mtors about a decade
ago. There has been continuing interest there. But because these
vehicles are novel, nmarket uncertainties, business risks, and
regulatory hurdles have bl ocked a production decision. The
production decision is risky, and there are many unknowns.
However, interest expressed in California and the Eossi bility of
subdstanti al benefits interested General Mdtors in the cooperative
st udy.

Roster of Organizations: The resulting cooperative arrangement
identified these organizational participants:

The California Departnment of Transportation
The California Air Resources Board
The California Energy Conm ssion
University of California at Berkel ey
The Institute of Transportation Studies
The GCeneral Mtors Corporation
Chevrolet Mtor D vision
Advanced Vehi cl e Engi neering
Mar keting and Product Pl anning
QG her Organizations in California
Consul tant s
A Project Advisory Commttee

Not all of these participants are currently involved in the
study. Representative markets wll be examned, and it is planned
to engage not-yet-identified organizations in California as study
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participants. These will include |local and regional governnents
and, possibly, firms that mght encourage enpl oyee utilization of
the vehicle or use it for their purposes. W "anticipate active
participation because these organizations mght benefit if there is
substanti al adoption of the vehicle.

There is need for a good anmount of market and market situation
data, and it is planned to engage Booz-Allen & Hanmilton (BAH) to
assist in market studies.

A Project Advisory Conmittee has been established to assist in
guiding the study and to assure that interested and contributing
parties are represented. This Advisory Committee may be enl arged
as the study proceeds. (A list of nenbers of the Advisory
Committee is provided as an Appendix to this Section.)

Working Arrangement:  The Institute at Berkeley will serve as one
| ocus of work, and the Chevrolet Marketing Division will serve as
a second | ocus. Al though responsibilities are overlapping, The
Institute will take primary responsibility for California interests
in facility requirements and congestion, energy, and air pollution
| npact s. Chevrolet will work with GM in-house resources to
interpret market information and vehicle engineering and design.
To the extent practicable, GM w |l nake avail able equi pnent to
illustrate the Lean Machine concept. As may be understood, some of
tﬂe wor k executed by GMwith its resources will be proprietary in
character.

" Wrk by BAH wi Il support work at Berkeley and at GCeneral
tors.

Prelimnary work has outlined some regulatory issues. These

i ssues should be clarified by BAH as work proceeds. It is planned
that all participants will be involved with these issues, and it is
expected that State and | ocal agencies will lead in resolving

I ssues, if necessary.

_ As | ocal governnments and ot her organizations beconme invol ved
inthe work, it is expected that they wll provide information and
may undertake their own inpact analyses.

Timing: Prelimnary work was bi?un in July 1989. The first major
phase of work, Phase 1, was scheduled to begin in January 1990 and
continue through June of 1990. However, contracting delays have
forced a six nonths time slippage, and first results fromthe BAH
work will not be available until early Wnter 1990. In addition to
work on regul atory and safety issues, Phase 1 work will include
gathering and analyzing data in representative California
situations. |f this work suggests a market significant to GV and
to California, the next phase of work will aimfor nore detailed
information supporting business and governnent decisions.
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Comm tnents: California and GM commitnments to the work extend onl
to the first phase. Further work by GMw |l be undertaken only i
it is highly probable that the vehicle can and should be placed in
producti on. ven if that is the case, California interest may wane
If the forecast nmarket penetration and anal yses of benefits and
costs do not uncover a potential for significant benefits to the
State.

Appendi x:  Advi sory Conmittee

M. Mchael R Appleby, Mnager
Aut onot i ve Engi neering Departnment
Aut onobil e Club of Southern California

M. Vincent C. Barabba, Executive Director
Mar ket Research and Pl anni ng
General Motors

M. B. B. Blevins, Advisor to the Chairnman
California Energy Conmi ssion

Prof essor Sadler Bridges, Associate Director
Texas Transportation Institute
The Texas A and M University

M. Roy Bushey, Chief

New Technol ogy and Devel opnment Branch
Di vi sion of Transportation Planning
California Departnent of Transportation

M. Alan J. Czarnomski, Market Analyst
Chevrol et Marketing Planning
Ceneral Motors

Prof essor WIliam Garrison _
Institute of Transportation Studies
University of California, Berkeley

M. James Cosnel | o
Southern California Association of Governnents

Prof essor David T. Hartgen _
Coordi nator of Transportation Studies
The University of North Carolina at Charlotte

M. David 0. Lundin, Mnager, Advanced Pl anning
Chevrol et Product Planning
Ceneral Mdtors

M. Mchael Scheible, Assistant Executive Officer
California Air Resources Board
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M. Earl Shirley, Chief
Di vision of New Technol ogy _
California Department of Transportation

M. Al bert J. Sobey, Consultant
Bloonfield HIls, M chigan

M. John Vostrez, Chief
Ofice of New Technol ogy and Research Management
California Department of Transportation

Ms. Patricia F. Wiler, Director _
Uni versity of M chigan Transportati on Research Institute

M. Janes A Mateyka, Vice President
Booz Allen & Hamlton



2. THE VEH CLE AND I TS ADOPTI ON AND USE | N CALI FORNI A
Abstract

This Section provides a description of the Lean Machine
and the California situation. Mar ket segmentation and
mar ket  penetration questions are then discussed,;
questions to be investigated are identified.

The Vehicle: Small is a relative word, and in saying that the Lean
Machine is a small vehicle we nean that it is snmaller than
conventional vehicles: mcro cars, conpacts, etc. | n prototype
formit weighs about 400 pounds, has a tread width of about 28
inches and a width of about 3 feet, the wheel base is about 6 feet,
and it is about 9 feet in length overall. (Figure 1)

The Lean Machine is by no neans the only small vehicle. The
O dsnobile of the first decade of this Century was a small car. A
nunber of small cars have been proposed and sonetines offered in
the market subsequently. About 20 such vehicles were proposed in
the U S during the energy crises of the 1970s and, perhaps, 100
prototypes were constructed. Some of these were electric vehicles.
Figure 2 provides an exanple of one of these vehicles.

Vehi cl es have been avail able, but have not succeeded in the
market. Even so, we are exploring the narket for the Lean Machine
because the reasons why snall vehicles have failed market tests may
be overcome by the Lean Machi ne design

Figure 1. The Lean Machine
Pr ot ot ype.

Stability has been an inherent problem of small vehicles. The
high center of gravity relative to vehicle size, especially tread
width, is the culprit. To provide occupant confort, a seat
positioned above the floor pan is required, and that plus the
hei ght of many of a vehicle's nechanical devices, especially the
engine, raises the center of gravity. This linmts the extent to
which tread width can be reduced wthout the vehicle tipping over
when cor nering.



Figure 2. Sparkl e, a Proposed Electric Vehicle.

Today's larger autonobile vehicles are very stable when
cornering at conventional velocities, and the small vehicle nust be
conEetitive for safety and ride quality reasons. Absent striking
marked irregularities of the road surface or curbs, nost of today's
cars will corner safely at about .75g (g = gravitational force),
and high performance cars will corner at as nuch as .85g." Again
assumng a good road surface, the limting factor is tire adhesion
the car wll slide before tipping over

In day-to-day driving situations, however, ride quality is the
constraint on cornering velocities. On ordinary road surfaces,
drivers could routinely corner at .5 with a confortable margin of
safety. But drivers typically turn corners at .29 or less. They
seemto do so to avoid sliding across the seat and to avoid
unconfortable side forces. So on turns with small radii, such as
right turns in grid-iron street systens, drivers wll typically
corner at about 7 to 5 nph or |ess.

Al though it is small, the design of the Lean Machine enabl es
both safe and confortable cornering. The engine is located in the
rear of the vehicle at a low height. The passenger compartnent and
front wheel canber when cornering, as a bicycle or motorcycle does.
The resolution of forces is such that the abilitK of the tires to
handle slip energy is as great as that for vehicles with high
performance tires. Forces are aligned with the vertical axis of
the driver's body, and the driver is pressed into the seat rather
t han pushed across it. The result is safe and confortable

_ ' These statenments apply to conventional passenger vehicles.
H gher center of gravity vehicles behave very differently.
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cornering relative to conventional vehicles. Unli ke notorcycles
and bicycles, the Lean Machine can recover froma skid, say, on an
i ce covered road.

Stability and naneuverability, contribute to safety, of
course, but safety questions remain. Indeed, safety is an Inherent
problem for small vehicles sinply because of their |ow weight
conpared to ordinary vehicles and their |ack of crush space. The
Lean Machi ne provi des crush space in the front. It is inagined
that the driver wll be surrounded by a cage and protected bY a
sturdy, energy absorbing seat. So if a collision is unavoidable,

ahe driver wll be protected in a manner simlar to a race car
river.

Wth respect to striking pedestrians and fixed objects, the
smal | frontal area and maneuverability of the Lean Machine shoul d
be an advant age.

Cost and quality have historically been problens for small
cars. Part of the reason has to do with the nature of autonobile
vehi cl es. They are assenbled from say, 14,000 parts, and part
handl i ng and assenbly costs are incurred whether the car is
conventional or small. The small car weighs less, and that does
reduce costs. Averaged out, the materials in an autonobile cost
about $1.25 per pound, so there is about a $1,900 dollar nateria
cost savings for a 500 pound car conpared to a 2,000 one.2 Suppose
a 2,000 pound vehicle cost $10,000; cost reduction is
di sproportionate to weight reduction. Hal ving the wei ght saves
about ten percent of cost. Optional accessories are a good part of
car cost, and they vary little with the weight of the car.

Efforts to reduce cost are part of the reason quality can be
a problem However, the quality [esson has been |earned, beginning
as long ago as the depression of the 1930s. At that tine, there
were efforts to market |ow performance, striped of luxury itens

"depression cars," efforts that were unsuccessful. Experi ences
wi th conpact cars in the 1970s retaught that |esson. So the Lean
Machine is not viewed as degraded quality vehicle, It is planned

to have high ride quality and other quality features, with bundles
of accessories avail able.

~ Fuel econony and low emi ssions are to be expected for snal
vehi cl es. They fol |l ow because good performance can be achieved
with smal |l engines. A conpact car wei ghing 2500 pounds achi eves
good performance with, say, a 2000 cc displacement engine. That
suggests that simlar performance could be achieved by a Lean
Machine with a 400 cc engi ne.

2The per pound material cost for the Lean Machine will Iikel
be greater than that for conventional vehicles, and this estimat

y
e
may overstate cost savings.



That conparison is very general. Actual performance would
depend on engi ne configuration, the harnessing of torque, and
aerodynam cs. Because of the small engine, a continuously variable
transm ssion (CVT) mght be used and provide for very effective use

of torque. The aerodynam ¢ shape and snall size of the Lean
Machine will reduce cruising power requirements conpared to
conventional vehicles.

| ssues: The manufacturer will be dealing with a nunber of
engi neering and production issues stenmng fromthe interaction of
design, manufacturing, cost, and market nmatters. It may be

desirable to differentiate the vehicle for different markets. = The
extent to which canbering should be under the driver's control is
not known, and there are sone questions about the affect of cross
wi nds on vehicle stability. There is the question of size of
mar ket and whet her the production of the Lean Machine is a feasible
busi ness proposition.

It is sing[e to say that the vehicle should be about as safe
as a larger vehicle. | ssues may arise because it is different,
safer in sonme situations and |ess safe in others. The conplex of
safety standards and vehicle test procedures are oriented to
conventional vehicles, and appropriate safety requirements for the
Lean Machine will have to be developed. This nmay prove to be both
technically and politically difficult, for Yarge amount s of
anal ysis, program devel opnent, and political effort have been
invested in existing requirements.

Present standards for pollutant em ssions take a "not greater
than x grans per mle" form They present no great problemfor a
vehicle with, say a 400 cc engine, and the manufacturer can
produce a vehicle neeting standards without great difficulty.
(There is also no difficulty in nmeeting fuel efficiency
requi rements.) However, for a vehicle to be especially attractive
to those concerned with air pollution, sonme |ower |evel of
em ssions is required. Some way will need to be found to negotiate
manufacturers', users', and air shed managers' interests.

The California Situation

I n conparison with nost of the Nation, the words "more so'
capture the California situation. Focusing on the negative
attributes of I'nre so, | California has major congestion problens,
acute air pollution problens, and is highly dependent on petrol eum
and, thus, sensitive to energy issues.

There are sone 20 mllion road vehicles in California, and
al though there are many persons for whom services are limted by
wel economc, or other factors, the market is essentially
saturated, as it is in nost parts of the U S. However, the nunber
of vehicles is growmng, for population growth is strong. The



Adoption and Use 9

average personal autompbile in California is driven about 12,000
ml|es per year, about ten percent nore than the national average

As a consequence of the increased popul ation and, thus, nunber
of vehicles, between 1981 and 1986 annual traffic increased from
160 to 215 billion vehicle-mles. There is a sinple equation at
work driven by population increases. For every 100 persons added
to the Fopulatlon, there is an increase of about 1 mllion mles of
personal travel per year, Iar%ely by autonobile, thus there is an
I ncrease on the order of 600,000 personal vehicle mles of trave
per year. Wth annual population increases of about .5 mllion
vehicle mles of travel increases by billions.

Ever increasing congestion is the result, for highway facility
devel opnent has fallen far behind increases in travel. State
hi ghway investnments in real (1947) dollars peaked at about .55
billion in 1967 and dropped to about . 1 billion in the subsequent
15 years.  Currently it is running about .2 billion. The Los
An?eles Basin provides a specific exanple. Freema% mles per one
mllion menbers of the population increased fromabout 10 in 1954
to about 79 in 1978 and have been declining since. Travel is
increasing about five tinmes as fast as the provision of facilities.
It is estimated that over one third of urban and interstate freewa
mles are severely congested at some period of nearly every day o

the year. | nvestment is |agging hopelessly while travel is
|nchaS|ng. | ncreased congestion with no end in sight is the
result.

State and Federal regulations and prograns have sharply
reduced pollutant em ssions from new vehicles and have increased
average fuel econony. Even so, the growth in nunber of vehicles
and their uses has resulted in increases in the consunption of
vehicle fuels. As the less polluting new vehicles have entered the
fleet, there has been a downturn in total vehicle em ssions.
However, in critical air basins, and especially in the Los Angel es
Basin, the quantity of em ssions remains so high that air quality
goal s can not be achieved w thout stronger controls. Al t hough
vehicle aging and turn over of the vehicle fleet by replacenment
vehicles continues to reduce enissions, growh effects will erode
gai ns bei ng nade.

Turning now to positive aspects of the California situation
a variety of policies and prograns have been introduced or are
bei ng consi dered because of worsening congestion and not yet taned
air quality and energy problens. Traffic signal timng prograns
have inproved the flow of traffic, and a battery of Transportation
Syst em Managenent STSv? tool s have been introduced, such as high
occupancy vehicle (H l anes and ride sharing. Many cities now
require inplenentation of TSM neasures when |and i s devel oped.
Such neasures have salutary inpacts on congestion, air pollution
and energy consunption. However, opportunities for inplenmentation
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are limted, and many of the gains to be achieved have al ready been
achi eved.

A variety of longer term far reaching policies and prograns
are under consideration or in beginning phases. Stronger controls
on single occupancy vehicle use are being inmplenented to reduce
em ssions, and there is National and State consideration of further
limting allowable emssions. The Caltrans has plans to inprove

and extend freeway operations systens in major urban areas. It is
supporting research exploring and devel oping applications of
advanced technol ogy vehicle and traffic control systens. In the

interest of air quality inmprovements and shifting from petrol eum
based fuels, methanol is being introduced in the Los Angeles area.

Interest in electric vehicles continues, and the industry has
prﬂgrans to increase deploynent of electric vehicles in market

ni ches.

_ Facility expansion is underway at critical chokes in the
hi ghway net,_althou%P traffic growth continues to consune capacity
faster than it can be supplied.

| ssues: There have been active searches for programs and policies
to manage problens and accommodate growth while maintaining or
improving the quality of life in California and the California

envi ronnent. Actions have been taken.  However, actions in
i ndividual problem areas are not achieving |ong term problem
managenent . Problens are interrelated, and action taken to ease

one problem such as the mobility problem pgy worsen other
problems, such as energy efficiency.

The question for California is whether the Lean Machine m ght
contribute to problem managenment while maintaining or increasing
mobi lity. It m ght decrease pollutants and fuel use. Operatin
si de-by-side on single freeway |anes in congested situations an
parked two or nore to a conventional parking space, the Lean
Machi ne m ght sharply ease congesti on.

Mar ket s and Market Penetration

The discussion now turns to a discussion of the diffusion-
adoption of the Lean Machine in California markets.

| nnovation and I nnovation Diffusion Paradi gns: It is known that
econom c and social progress depends on innovation and the
di ffusion of innovations, and nuch attention has been given to
those processes. In sinple situations, the processes run this way:
An innovation is created by an actor or actors and energes in a
prototype stage. There is then a period of product refinenent
dur|n%_mh|ch the prototype is inproved from standpoints of
durability, costs, and nanufacturability. There may be sonme narket
testing during this period of revision, or mmjor revision may be
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del ayed until there is considerable nmarket experience. Fjnancing,
production, and marketing arrangenents are made, usual |y foll owi ng
the consideration of alternative schenes. At that point, the
product is placed on the narket and fails or succeeds.

If the innovation is a straightforward substitute for an
exi sting product, then the diffusion process can run very quickly.
The quartz-battery watch, for exanple, displaced the production of
mechani cal watches in a matter of a few years. The product's
advantage was clear, and the technology transferred easily.

Diffusion can also be ra id if the product does sonething new
and desirable. Liquid Paper? for typing corrections and Post-it®
pads for meno uses in offices are exanples of such products. These
products fitted functions or needs. Al t hough they were quite
different from previous products, they fitted easily Into existing
Situations. Oher situations are nore conplicated

Sormetimes standards of one type or another nmay thwart or
del ay the devel opnent, introduction, and diffusion of a
technologg. Standards may be formal, such as those
created by governnments or private standard setting
organi zations, or they may sinply represent custom an

standard practice, as is the case for the arrangenent of
keys on typewiter keyboards.

Somet i nmes innovations havelimtednmarkets as substitutes
for existing products. The Producer's refinement of the
product and the adoption of the product nay be slowed by
the time it takes to devel op new uses. The tel ephone is
an exanpl e. It was only in part a substitute for the
tel egraph and nessage services, and its deploynment did
not "take off" wuntil a broad market for interactive
communi cati ons devel oped.

In transportation and communications, the pace of
di ffusion may depend on an interactive dynam cs of
adoption.  The adoption of the FAX illustrates the idea.
FAX machines used at only a few places are of limted
value. ~ But as nore places acquire machines, the
oEportunltles for communications increase exponentially.
The use of containers for freight shipnent illustrates
the same dynamic. The problemis that of getting enough
use of the innovation so that it shifts from a product of
little value to one of great val ue.

Finally, there are situations where the adoption of a
single innovation depends on other innovations. A
computer w thout operating prograns is of little val ue;
devel opnent of street paving nmethods created an
environment for the devel opment of the autonobile.
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The devel opment of the Lean Machine prototype represents only
the first step in the innovation and innovation-diffusion
processes. It is an innovation untested in nmarket situations; it
Is yet to be revised fromexperience in markets. Obtaining narket
experiences requires initiation of the adoption or diffusion
process, and consideration of the nature of the innovation and its
mar ket says that the situation is conplex indeed. Mny standards
apply to vehicles, roads, parking garages, and vehicle operators,
and these nmust be considered. The Lean Machine may substitute for
vehicles now used for single person trips, but travel patterns and
househol d deci si ons about purchase of vehicles are very conplex.
It will be difficult to estimate just how the Lean Machi ne choice
woul d change use and purchase patterns. It wll also be difficult
to begin to understand the uses that may develop for the vehicle as
users gain experience with it.

Adoption Dynamics:  The adoption or diffusion process is well
represented by a logistic curve, the symretric S-shaped curve shown
in Figure 3. Initial market penetration is slow,

penetration then turns shaafly upward, and then slows again.
Curves with this shape fit diffusion processes well, as stated, and
t hey have been fitted to a |arge nunber of transportati on cases:
| oconotives, canals, air travel, size of jet engines, etc.

r.- 100

Market Saturation - Percent

Time

Figure 3. The S-Shaped Curve Characterizing the D ffusion
of an Innovati on.
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Three paraneters define the curve. There is the amount of
mar ket penetration at saturation, the tine it takes for the process
to run (nmeasured, say, by tine it takes to run from 10 percent
penetration to 90 percent penetration), and the md point of the
curve. Estimates nay be made of the paraneters of the curve once
the adoption process is initiated. A though the narket is not yet
saturated, for exanple, the growths of passenger mles of air
travel, aircraft size, and aircraft fleet size have been estimated
using logistic growh curves.

Researchers have fitted curves to highway system topics. One
interesting finding is the difference in the time it has taken for
the autonobilization process to run. Measuring autonobilization by
t he adoption of the autonobile and referring to the tine required
to go from 10 percent nmarket penetration to 90 percent, this
pattern energes:

The United States began w despread adoption of the
autonobile early, and the process ran about 60 + years.

Al t hough aut onobil es were present in Western Europe

countries prior to World War |1, w despread adoption did
not take-off until the 1950s. Adoption took from20 to
30 years.

The take-off of adoption of the autonobile in Japan began
| ater; adoption was conpleted in about 11 years.

Wiile this pattern is known, we know of no effort to study the
reasons for the country to country differences in detail. Perhaps
that is because a driving reason seens obvious. One mght suppose
that levels of and increases in personal incones played a role, the
greater the income, the faster the process ran. It ran very fast
In Japan at a tinme when personal incomes were high. The
di fferences anong European countries appear incone related, and the
U.S. adoption process ran over a period begi nning when only a few
rich could afford vehicles and continued over a fair period of tine
as nmore and nore persons becanme "rich enough." The "becomng rich
enough" period of tine was shorter el sewhere.

Consi dering the personal inconme situation in California and
the growth of the econony, the Lean Machi ne adoption ﬁeriod m ght
be conparable to that of Japan. Assumng that the vehicle becane
avail able in volune on the market in 1994, then the adoption
process mght follow the trajectory indicated in Figure 4.

Further considerations press for a slower adoption process.
Al t hough not discussed in the literature, the adoption of the
autonobile in Europe and Japan was surely enhanced by | earning
curve and infrastructure considerations. Conversely, in was slow
inthe US. for the same reasons.
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Figure 4. Exanple S-shaped Curve for the Diffusion of the
ean Machine in the California Mrket.

Briefly, there was a several decade period of learning in the
U.S., beginning, say, when the Mdel -T was produced and extending
through the 1930s. Al though vehicles had been available prior, the
Model -T was the first mass market vehicle. Feedback from the
mar ket to vehicle and production technologies was initiated, and it
took until the end of the 1930s for vehicles to evolve into a form
close to their nodern form  Urban roads had begun to be paved in
the late 188Cs, but the emergence of appropriate roads, especially
in rural areas, occurred in the 1920s and 30s as the state primary
hi ghway system evol ved and as the cities learned to organize and
finance the production of arterial and |ocal access street.
Iraffic control protocols and devices energed in the same tine
rane.

Considering uses, first autonpbiles carved out sone unique
roles, especially their use for touring and other recreation. Jhe
al so began to substitute for functions previously performed b
buggi es and wagons, and substitution ran its course into the 1930s.
Beginning in the 1920s the everyday uses seen today began to
energe, comuting, shopping, etc., along with suburban trends.

Simlar learning and infrastructure devel opnents occurred in
ot her places, but we squose that the period of tine was nuch
shortened because of the U S. nodel

~ Al'so, statenents may be made for trucks and their use that are
simlar to those made about automobiles. |n the U S. the diffusion



Adoption and Use 15

process began in the mddle 1930s and ran for about four decades.
The process began later and ran faster el sewhere.

The Lean Machine is a new vehicle, the notionthat it wll
take tine to learn what it should be, how it should be used, and
infrastructure needs nmay apply. But al though | earning may be
needed, it should occur fairly rapidly because of the previous
experiences of users and organizations.

W believe that there wll be needs for road infrastructure
changes, and they take time. The manufacturer will need time to
change the vehicle as needs for changes energe. Changes in
regul atory areas nay also take tine.

Sone famlies or fleet owners may purchase or rent Lean
Machines, in addition to the vehicles they now own and operate.
O hers may replace conventional vehicles, just as the conventiona
aut onobi | e di spl aced wagons, buggies, interurbans, and nuch urban
transit. W woul d expect that nost households would retain a
conventional vehicle. Some fleet operators might transition al nost
entirely to Lean Machi nes, other operators mght not find the

vehicle suitable. However the turnover works, the replaced
vehi cl es woul d nove el sewhere as used cars, and the turnover of the
total fleet would be slowed. (Figure 5) Mdtor vehicle survival

probabilities suggest that twenty years wll be required for the
near-full displacement of conventional vehicles by Lean Machines.
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Fi gure 5. Passenger Car Survival Probability 1970-1982
(Data  Source: Motor  Vehicle Manufacturers

Association of the United States).

It is quite possible that "displacement" describes only a
smal | part of the diffusion process. The holding of a nore diverse
fleet of vehicles may well characterize future househol ds.
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~ How Large a Mrket? The discussion above describes sone
i nsights about the tinme it mght take for the Lean Machine to be

di ffused in markets. |f there were no barriers, 10 or 11 years
m ght be a %ood guess. But considering the infrastructure and
regul atory changes that may be required and the time they will take

to inmplenent and considering the |ife spans of existing vehicles,
20 years mght be a better guess.

In addition to question of the time required, there is the
question of, How big? How large will the narket prove to be?
Di sregarding the growth of the vehicle population in California, an
quer bound on the market might be reasoned in this way: There are
about 19 nillion automobiles registered in California. (About 6
Berpent of these are in fleets. For this approximation, these wll
e ignored.) Households on average have about 2 vehicles each. If
househol ds trend to hol dings of one conventional vehicle and one
Lean Machine, twenty years after the vehicle enters the market
there will be about 9.5 mllion Lean Machines in California. If
this approxi mation considered snmall trucks used in an autonobile
fashion, the growmh of population and the vehicle fleet, and the
purchase of Lean Machines in nmultiples by households (the average
nunmber of vehicles held by households 1s increasing), then the
uEpeL bound approxi mati on would be somewhat |arger. (Note that
this is a size of vehicle population neasure, sales over the period
woul d be larger.)

Except as a nental exercise, an estimate such as that just
made has no value. Critical decisions about placing the vehicle in
markets require nore than a guess.

The luxury of waiting until market penetration is well along
before estimating how market penetration will unfold is not
avai l able in the Lean Machine case.

The vehicle manufacturer will not refine the vehicle and
make it available in markets unless nmarket estimates
support feasible business plans.

G her parties concerned will not undertake actions
supportive of vehicle marketing and use unless signals
about the market are supportive of their interests.

And the situation is even nore conplicated, for the decisions
are interactive. No feasible business plan for the manufacturer is
likely to emerge w thout supportive action by other actors, and
other actors are not likely to take supportive actions unless the
manuf acturer successfully refines the vehicle in ways that inprove
marketability and are supportive of other actors' interests.

One way to ease this market information quandary is to use
conparative information. That has to be done with caution, for the
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Lean Machine is a radical departure from previously devel oped snall
vehicles and from conventional vehicles.

A nunber of analysis tools are available to deal wth
questions about known products. One might apply consunmer choice
nodeling or sinply use elasticity analysis to explore questions
such as consuner choices for one vehicle or another as prices vary.
Consumers have exercised such choices (reveal ed their preferences)
in existing markets, and there are data on which to base anal yses.
| ndeed, an extensive literature exists on how choices are affected
by vehicle attributes such as size, fuel efficiency, and purchase
cost.

Absent conparative vehicles, stated preference analyses wll
be necessary. Market research firnms and sinilar organizations have
consi der abl e experience with these anal yses. One approach is to
use interaction in small groups or clinics. | ndi vidual s are
presented with products or ideas and asked to judge them  Through
Interaction, a range of judgnments may be identified, clarified, and
refined through discussion. Another approach is to infer purchase
behavi or by asking individuals, usually using interviews and lists
of questions, about purchasing patterns. Often consuners are
classified in sets, sone behave this way, sone that way.

I ssues:  The Lean Machi ne market testing, product refinenment, and
mar ket adoEt|on processes are conpl ex. | nformation is needed to
reduce ri sk. But because the product is quite different from
products now on the market, it wll be very difficult to identify
mar ket segnents and estinmate nmarket size until the product is
placed on the market.

The extent to which Lean Machi nes m ght displace conventional
vehicles or be purchased as an additional, special purpose vehicle
IS unknown. This issue is inportant to manufacturer, and it bears
on broad benefit-cost analyses of congestion, energy, and air
quality inpacts.

Many of the decisions and actions that m ght detract fromor
enhance the product are not under the control of the vehicle
manuf act ur er. Even if successful in the market, the rate of
adoption-di ffusion nmay be accelerated or decelerated by actions of
many parties.

An Analysis Strategy

It will be useful in presenting the analysis strategy to
indicate the classes of actors that will be involved, the
st akehol ders. Each of these can be expected to act on the basis of
their interests. They will examne risks, benefits, and costs and
can be expected to take supportive, do nothing, or detracting
actions depending on the advantages to them
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Exanpl es of Stakehol ders:

Users: Users will not purchase the vehicle unless it is available
in the market, of course. Wien available, they wll ﬁurchase
vehicles if they judge themto be to their advantage. They w ||
consi der price, safety, service advantages, and confort and
qual ity. However, there are nore "ifs," three, for exanple are:
I'f insurance is available, (for many) if financing is available,
and if driver licensing requirenents are not onerous.

Intermedi ate Actors: The ease of purchasing the vehicle and
unfol ding of service advantages will turn on the actions of many
internediate actors. W have in mnd autonobile dealers and repair
shops; wurban planners and designers; insurance, financing, and
|'i censing organi zations, as just nentioned; |and and property
devel opers; local political and community |eaders; and enployers.

Producers:  The vehicle manufacturer is the obvious producer, but
there are others who play production roles whose actions wl| bear
on the Lean Vehicles' adoption and use. Gty and county public
works and traffic agencies will be involved, as will the Caltrans.

There are many involved in what may be thought of as producing
safety: the Department of Modtor Vehicles and agencies involved
with vehicle and highway safety standards, including traffic |aw
enforcement agencies. W can also think of the production of clean
air and fuel efficiency, and there are Federal and State agencies
and private organizations concerned with these tasks.

Public Interest: Finally, there are actors concerned with overal
public welfare. Such actors may operate in the political process
or may be social critics or "opinion nolders." Their role is to
bal ance the interests of stakehol ders against the overall public
i nterest.

Benefit/Cost Analyses; Relations Anbng Actors: The list of
stakehol ders is prelimnary and partial, and the divisions anong
cl asses of stakeholders is not crisp. For exanple, we certainly do
not wish to inply that concern about the overal ublic interest is
limted to one class of actors. But even with its faults, the
identification of stakeholders indicates the diversity of benefit
and cost considerations, as well as how stakehol ders responses to
benefits and costs will bear on the diffusion of the Lean Machi ne.

We desire benefit-cost information for stakehol ders, of
course. While obtaining that information will not be easy, the
task is clear. The interpretation of the benefit-cost information
in the context of the diffusion of the innovation is |ess clear.
For one thing, all stakeholders do not play equal roles. For
instance, if users do not judge high benefits relative to costs,
then the diffusion will be slowif It occurs at all, regardless of
calcul ations by others. Mre generally, we nust be concerned about
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tPF intensity of supporting or obstructing interests and their
affects.

Benefit-Cost Dynami cs: Benefit-cost anal yses consider the tenporal
streans of benefits and costs and discount these over tine. That
ﬁrocedure works very well in structured situations where actors
ave well defined decision criteria and good information. The Lean
Machine situation is nmore conmplex. There is lack of information
about the long term and some actors, such as political actors, are
not in situations where actions based on |ong term considerations
are easily taken. Also, the Lean Machine and ot her novel vehicles
may well change the structures of the production and use of
transportati on. Benefit-cost questions extend beyond streans of
values from alternative actions to changes in the conpetitive
situations and roles of stakehol ders.

Wrk nust be undertaken on situations and how they m ght shape
the actions of stakeholders. Now, the best we can do provide some
exanpl es of possible conplexities.

Consi der the Federal H ghway Administration (FHM). Wrking
with the states, one of its inportant historic roles has been the
settln% of standards for facilities, and that role continues. The
FHWA pl aces high value on unitary technology. For reasons of
efficiency, assuring the quality of constructed facilities, safety,
and bureaucratic sinplicity in managing prograns, it works with the
states to assure, for exanple, that signs everywhere are the same
and simlar road designs are used for simlar classes of routes.
| npl enentation of the Lean Machine confronts that role and the
value placed on it, for the Lean Machine nay require a variety of
site-specific and novel design changes. Such requirenments may
conflict with established standards, processes of decision making,
and custom We do not know if conflicts mght develop and If
actgons or lack of actions mght affect the ditffusion of the Lean
Machi ne.

Now consider a very hypothetical vehicle dealers' situation

The Lean Machine is placed on the market, and deal ers would wel cone
the vehicle if they judged that the volume of sales would nake it
worthwhile. Their commtment to nmarket the vehicle would involve
vehicle inventory costs and costs to prepare for providing after-
market services. Indeed, they nmight especially welcone the vehicle
if they judged it would be a popular itemwth possibilities for
short run high price mark ups.

But over the longer term dealers mght not be supportive of
marketing. They might see the vehicle as a |ower price itemthan
conventional cars and as conpeting with conventional vehicles in
markets.  The success of the Lean Machine mght negatively affect
their long termprofit outlook. So one can Imagine that 1t would
be in the interest of new vehicle dealers to oppose the nmarketing
of the Lean Machi ne.
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The role of dealers is inportant, they are stakeholders and
nmust be players in the diffusion process. How shoul d their
unfavorabl e benefit-cost calculation be interpreted? V¢ nust
consider the situation. The dealers are in a "no win" situation.
The "not market" decision is not realistic for the individual
dealer, for other dealers mght nmarket the vehicle and the deal er
woul d | ose profits. The dealers are in a |l esser of two evils
situation, the choice is between |osing some or more profits. (The
unfavorabl e benefit-cost calculation is hypothetical, of course.)

Many ot her situations can be inmagi ned. One that mght be
inportant is where there is a msnatch between benefits and costs.
A city building code manager, for exanple, mght delay revising
par ki ng garage building codes to allow reconfiguring of parking
spaces for Lean Machines until pressure for change 1s great. In
turn, this mght have adverse affects on the growth of the vehicle
market. Here, there is a mismatch of benefits and
costs. The costs of code revision fall on the code manager,
benefits are el sewhere.

Proposed Analyses: Endless lists of stakeholders, results of
benefit-cost calculations, and situations influencing behavior can
be imagined, and nore effort to structure the behaviors of
stakehol ders is certainly warranted. Yet without sone experience,
there is areal linit on"how far nmental exercises can go. For this
reason, it is planned to begin to flesh out how the Lean Machine
mght fit in actual markets, that is, to pick out sone study sites
and begin to work with stakehol ders.

Mich of the conceptual background for the site investigations
has been reviewed in this discussion. The work to be undertaken at
sites dives roughly into two parts. It wll be organized to:

Provide information wuseful to the manufacturer's

deci si ons about vehicle refinenent and the nature of
mar ket s.

Further define the stakeholders, their |ikely actions,
and the ways their actions will interact with the
di ffusion process.

As this work at sites proceeds two off-site efforts will go
forward. First, the manufacturer will be doing en ineerin? and
design work on the vehicle and investigating the viability of the
busi ness decision to place the vehicle in production. Second, the
on-site findings will be interpreted for agency prograns and
policies and public actions in regulatory, [liability, and,
possibly, fiscal or other incentive spheres.

How Fast: How Large:  Previous discussion pointed out that the
diffusion of an innovation or the adoption of a product tends to
follow an S-shaped curve. Such a curve will be in mnd as the site
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work goes forward. First, one of the objectives of the work is to
i mprove approximations of the curve in the Lean Machine case. The
questions of how | arge the market m ght be and how rapidly it can
be served are central to stakeholders' decisions and to public
policy generally.

Second, the curve will serve as a heuristic for organizing the
on- and off-site studies. To begin, times to saturation will be
considered, times ranging from 10 to 20 years; the size of the
market at saturation will range from10 mllion downward. Cases or
scenarios wll be investigated that range across short to |onger
time periods and small to |arger markets. O course, work w |
focus on the nmore likely cases as estimates of the size of market
and the tinme to saturation begin to harden.

We expect that this consideration of cases w |l highlight
ranges of benefits and costs, their timng, and their incidence.
We also expect that it will highlight critical decisions and the
lead tinmes for decisions and inplenentation of the results of
decisions. Long lead times for decisions and their inplenentation
may well control the speed of the vehicle adoption and use process.
Wth respect to benefits and costs, we may well find m snatches of
benefits and costs. For exanple, there may well be large socia
gains that are not well reflected as benefits to critica
st akehol ders.

~ Such findings wll assist in identifying, clarifying, and
finding paths through to the maze to be traversed to:

1. Estimate the potential California market for the Lean

Machi ne, _

2. |dentify the actions required by the manufacturer,
aggn0|es, and individuals if that market is to be served,
an

3. Estimate whether the adoption of the Lean Machine in
California markets would contribute to inproving nobility
and nenagi ng congestion, energy, and air pollution
probl ens.



3. PARKI NG THE LEAN MACH NE

Abstract

The cost savings fromthe small parking spaces required
by the Lean Machine depend on the type of parking
facility, surface lot or structure, and Wwhether existing
spaces are restriped, all or part of an existing facility
is reconfigured, or a new facility constructed.
Dependi ng on the situation, daily savings mght range
from $3.20 to $4.80. There woul d be no savings, of
course, if there is a nore than anple supply of parking
spaces.

_ The Lean Machine is smaller than conventional autonobiles so
its use would ease parking problenms where space is in short supply
and/or is expensive. Wthout restriping stalls, two vehicles would
fit in a space used by conventional vehicles. |f part of a parking
area was restriped or a special |ot designed, 3.5 to 4 Lean
Machi nes coul d be accommodated in the area used by a conventi onal

vehi cl e.

How much money woul d be saved? The annual expense for parking
a conventional autonobile is (land cost not 1ncluded):

Surface |ot: $275
Above ground structure: $1, 085
Bel ow ground structure: $1, 600

Lean Machine parkin savings conmpared to parking for
conventional size autonobiles are:

Surface Lot

Lean Machines parked in existing spaces: $140

Parked in restriped |ot: _ $195

In lot designed for Lean Machines: $205
Above Gound Structure

Lean Machines parked in existing spaces: $540

Parked in restriped |ot: _ $775

In lot designed for Lean Machines: $815
Bel ow Ground Structure

Lean Machines parked in existing spaces: $800

Parked in restriped |ot: _ $1, 145

In lot designed for Lean Machines: $1, 200

These are comparisons of annual costs savings. For exanple
it costs about $1,600 per year to provide a bel ow ground papﬁlng
space for a conventional autonobile. |f a below ground parking
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structure was configured for Lean Machines (mainly by repainting
| anes and stalls), the savings would be $1,145 per Lean Machi ne per
year. That calculation is sinple, 3.5 Lean Machines could park in
the area fornmerly used by a single conventional vehicle. The
details of the cost conparisons are shown in Table 1.

~ Again, land costs are not included in the estinmates, so the
estimates of costs and cost savings are conservative.

Table 1. Cost Conparisons
Cost _Estinmates per space ($)

Surface Above Bel ow
G ound G ound

St andard Space:

Total devel opnent costs 1,500 7,500 11,200
Annual debt service (I1% 30 yrs.) 175 865 1, 300
Annual operating costs 100 220 300
Total annual expense 275 1085 1, 600
Dai |y expenses (250 days/yr.) 1.10 4. 35 6. 40
Lean Machines in Existing Spaces (2.1 Ratio)

Devel opnent cost savings 750 3,750 5,600
Total annual savings 140 540 800
Dai |y savings (250 days/yr.) .55 2.15 3.20
Lean Machines in Part of an Existing Lot

(3.5:1 Ratio) _

Devel opment costs savings 1,070 5,360 8, 000
Total annual savings 195 775 1145
Daily savings (250 days/yr.) .80 3.10 4.55
Lean Machines in Specially Designed Lot

(4:1 Ratio) _

Devel opment costs savings 1,125 5,630 8, 400
Total annual savings 205 815 1,200
Dai |y savings . 85 3.25 4. 80

~ The procedure followed in creating Table 1 was this. First,
using information onhgarking | ot design (discussed |ater), we
exam ned how the Lean Machine would fit into spaces configured for
conventional |arge and conpact cars. Two Lean Machines coul d be
parked in such spaces. W then considered taking an existing |ot
and reconfiguring a nunber of existing spaces: that is marking
sone spaces for Lean Machines, just as some |ots now have spaces
marked for conpact cars. 3.5 Lean Machines could be accompdated
in the space used for a conventional size autonobile.
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W then considered a |ot designed for Lean Machines only.
This increases the ratio to 4:1, because cross isles, entrances,
exits, and ranps can be narrowed.

The cal cul ation of costs assuned debt service at 11 percent
over 30 years. Bot h devel opnment and annual operating costs were
i ncluded, but land costs were not included.

Det ai | ed designs of Lean Machine parking facilities have not
been made: costs and cost savings would vary fromsituation to
situation. Even so, our calculations appear to give a reasonable
estimate of costs and savings.

Di scussi on
~ The discussion to followw || provide sone conments on the
i nci dence and amount of parking cost savings. It will then treat
the design assunptions used to construct Table 1. It will also

indicate that the estimates of cost savings are conservative.

Savings in Parking Costs, Wwo Gains? The overall savings in
parking costs are real, for society would reduce the resources
expended for providing additional parking facilities, But the
savings are diffused among actors, and they may not play a role in
nmotivating vehicle purchases.

There is a tenporal pattern of vehicle use. Typical 'y,
vehi cl es are parked overnight at or near residences or in the
facilities of fleet owners, hone bases. They are then noved from
their home bases to work, schools, shopping, or other places, often
In a sequence or a chain of trips, before returning to their hone
bases. Because of the several |ocations of parking and conventions
bearing on free, partially subsidized, or fully costed and priced
parking and the diversity of parking situations anchurposes, t he
|nc”dence and anount of cost savings (or who gains and how nuch) is
conpl ex.

Case A: One extreme case is when the vehicle substitutes, say, for
a conpact car and is used exclusively for comuting. Parking is
provided "free" to the owner in an apartnment associated structure
at the hone base and in an enployer's structure at work. Here the
cost savings would be, say, about $1,000 dollars per year because
there are savings at the work place and at the home base. Likely
t he enpl oyer would capture the savings at the work place and the
apartment owner at the hone base, although eventually conpetitive
pressures m ght cause the apartnent owner to pass all or part of
the savings through to the vehicle owner. The existence of the
savings assunes, of course, that the facility operators can avoid
some of the costs of expanding supply.
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Case B: If the vehicle owner paid to park at the home base and at
work and if parking charges were based on the costs of providing
the facilities, then the vehicle owner would capture the savings.

Case C.  Another extrene case is when there is anple parking at the
home base and at the work place, say, on streets. Here there would
be no costs savings to the owner or to the space provider

Case D Mpst cases would not be extreme ones. At some trip ends
the vehicle owner pays full costs, sonmetinmes "free" parking is
supplied. Such a mxture mght occur when travel is fromhone to
work, to shop, to a novie, and then to hone. Here there is a
m xture of the incidence of savings and anounts of savings. In a
shoppi ng center, for instance, a parking space woul d be used
several times during the day. Wile the facility provider would
i ncur cost savings, only a part of those would be associated wth
a particular vehicle.

This discussion of cases does not begin to exhaust the
possibilities. However, they do illustrate the diversity of
situations and they point to many situations where parking cost
savings would not play an inportant role in notivating vehicle
pur chases. Now, we can think of only two cases where purchases
m ght be notivated. One is when the owner pays the full costs of
parkin? at all places where the vehicle is parked. Another is when
a facility provider, say, an enployer, mght subsidize the purchase
of vehicles by enployees in order to avoid expanding facilities or
to limt the size and cost of new facilities.

Overall Parking Costs Savings: VWiile there is no doubt that
society would benefit if the land resources devoted to parking are
reduced, customfor the provision of parking spaces and the pattern
of existing facilities say that benefits would start out small and
unfold over a long period of tinmne.

The overall savings in parking costs in a market, say, a city,
woul d depend on Lean NMachine narket penetration, its use, and the
supply of parking spaces. By and large, there is anple roomin
cities for parkln?._ As a matter of custom parking spaces are made
avai |l abl e by building roads of anple width and by allow ng for
parking in the design of residential and activity centers. Even
so, parking problenms are recogni zed because the demand for parKking
space doesn't match the availability of space. A so by and |arge,
| and val ues are | ow enough that many parking spaces are provided
free to the user as a matter of custom It's where land value is
hi gh and where demand for parking is great that multi |evel parking
structures and parking charges are found.

Considering the present situation, first savings would follow
fromthe avoided costs of enlarging nmultilevel structures, savings
dependent on the trip patterns of Lean Machi ne users, urban |and
values, and the dynam cs of change in urban activity patterns.
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These savings could well be small, wth larger savings postponed
until and if the presence of a |arge nunber of Lean Machine users
affects the design of new facilities or the rebuilding of old ones.

Desi gn Consi derations

Fitting the Lean Machine into Existing Parking Spaces: As the

percentage of half wi dth, Lean Machine, or commuter cars in the

vehi cl e popul ation grows, nanagers may begin to increase the
capacity of parking facilities by directing the vehicles to spaces

previously used by conventional vehicles.” Vehicle neasurenents
?e?{ing on the way spaces woul d accommpdate Lean Machines are as
ol | ows.

Standard parking space wdth = 8.5 ft
Standard vehicle wdth = 6.5
Lateral clearance (8.5 - 6.5) = 2.0
Conpact parking space width = 7.5
Conpact vehicle wdth = 5.5
Lateral clearance (7.5 - 5.5) = 2.0
Lean Machine w dth = 3.0
Lean Machine lateral clearance =20
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Figure 1. The Lean Machine in Existing Parking Spaces.

Usi ng these neasurenents, Lean Machines m ght be parked as
shown in Figure 1. They fit two to a space. The Lean Machines are
shown as staggered in standard and conpact spaces. St aggering
provides for easy vehicle entrance and egress by the user, which
woul d be tight wthout staggering (gdepen ing on door designs, of
course). Alternating head in and head out parking would al so
sinplify entrance and egress.
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Lean Machines in Redesigned Portion of an Existing Lot or in a
Specially Designed Lot: If the percentage of Lean Machines in the

vehicle  fleet permts, parking managers  m ght consi der
rearrangenent or redesign of a portion of an existing lot or
structure. They m ght consider constructing a specially designed
%orlor structure. Data bearing on these considerations are as
ol | ows:

Total area required for a standard space (with

62 ft isle width) = .5(8.5 ft x 62 ft) = 264 ft2
Total area required for conpact space (48 ft
isle wdth) = .5(7.5 ft x 48 ft) = 180

Lean Machi ne space width = 5 ft (includes 2 ft

| ateral clearance); estimated isle wdth = 30 ft
(depends on turning radius and staggering);

area required for Lean Machine .5(5 ft x 30 ft) = 75

Conparing the areas required, we have:

Area ratio of standard vehicle to Lean Machi ne

3.
Area ratio of conpact vehicle to Lean Machine 2.

5
4

~These cal cul ati ons consi der parking stalls and adj oi ni ng
turning and access isles. Parking facilities also require area for
cross Isles, up and down ranps in structures, entrances, and exits.
This additional area adds 11 and 21 percent to the area required
for each conpact and standard space, respectively. Because of the
turn!n? ability of Lean Machines, we assune that a facility
specially designed for Lean Machines woul d have only 7 percent
addi tional area. This is a rough estinmate, but it seens
reasonabl e, because the percent additional area decreases as the
size and turning radius of the vehicle decreases.

Incorporating additional area estimtes, 4 Lean Machines could
be parked in the area needed for a standard car, and 2.5 Lean
Machi nes could be parked in the area required for a conpact car

Figure 2 shows how stalls and isles mght be marked for Lean
Machines, either in a |lot remarked for Lean Machines or in a
specially designed lot. This design takes advantage of the narrow
nose of the Lean Machine by offsetting opposing spaces.

Conservative Estimates: The estimtes made above are conservative.
The dimensions for standard and conpact parking spaces and for the
areas required per stall are close to the m nimum recommended

val ues. Such m ni mum val ues are recomended for | owturnover,
high-famliarity facilities such as those serving regular
commt er s. Nhny facilities are sized nore generously and/or
designed less efficiently. Also, nost existing facilities

(especially structures) contain unusable areas that could
acconmodat e Lean Machines. Thus, the parking cost savings for Lean
Machi nes coul d be even greater.
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Finally, extensive use of Lean Machines and facilities for
themwould permt facilities nore conpact than existing facilities.
Such conpact structures mght reduce wal ki ng requirenments and/or be
placed in smal|l spaces convenient to destinations and provide
quality of service advantages to users.

\°~

Figure 2. A Lean Machine Parking Lot.

Dat a Sources:

1. Standard and conpact parking space and vehicle widths are from
Shoppi ng Center Parking: The Influence of Changing Car Sizes.
(New York: International Council of Shopping Centers, 1984, pp. 8-

9 16-18.)

2. Total area requirenents and unusabl e space estimates for
standard and conpact vehicles are from Vukan R Vuchic's U ban
Public Transportation: Systenms and Technol ogy. (Englewood COiffs,
NJ:  Prentice-Hall, 1981, p 433.)
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3. Cost estimates for standard spaces are from Edward M
Witlock's Parking for Institutions and Special Events. (Westport,
Cl:  Eno Foundation, 1982, p. 21.)

4. An additional reference consulted was A P. Chrest,

Smith, and S. Bhuyan's Parking Structures: Pl anni ng, Desnraj
Const)ructlon, and Repair. (New York, NY: Van Nostrand Reinhold,
1989.



4. COSTS OF OMANI NG AND OPERATI NG THE LEAN MACH NE

Abstract

Conparisons are nmade between the Lean Machine and |arger
vehi cl es. The conparisons indicate that Lean Machi ne
costs mght be fromone half to one third lower than the
costs of conventional vehicles. However, cost savings
depend on how the Lean Machine is used.

Conpared to standard size autonobiles, the Lean Machine wl|
be very fuel efficient. Wth fuel selling for, say, $1.20 per
gallon and the Lean Machine achieving 130 to 150 nph, then gas_and
oil costs would run about one cent per mle or less. That™s from
one-fourth to one-seventh the costs for standard automobiles. Many
persons judge costs in that way; they think of out-of-pocket costs.

Ful ly considered, vehicle ownership and operating costs are
nuch hi gher than out-of-pocket operating costs. Here are sone cost
conpari sons:

Oanership and Operating Cost
(cents per mle)

Large Car 27.5
Compact Car 20. 8
Lean Machi ne 14.0

Fully considered, ownership and operating costs run 50 to 70
percent of the costs of standard autonobil es. That's because
mai nt enance, accessories, tires, and insurance costs for the Lean
Machi ne may not be much lower than for standard autonobil es.

Di scussi on: Estimates of the costs of vehicle ownership and
operations are published fromtine to tine by Hertz, the American
Aut omobil e Associ ation ( and the Feder al H ghway

Adm nistration (FHWY), and estimtes vary depending on costin

procedures. To neke conparisons, we used the FHWA procedure an

made sone assunptions about Lean Machi ne costs. The full
conparisons are sumarized in Table 1, and Table 2 shows the
details of the costs calculations for the Lean Machi ne.

W have not conpared our estimates using FHWA costing
procedures with those that would be obtained by using Hertz, AAA
or other procedures. The procedure we used i's conservative. W
suspect that actual costs for all vehicles are somewhat higher than
we have estimated and that, conpared to other vehicles, the
estimate of Lean Machine costs are relatively higher than woul d be
experienced.
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Table 1. Autonobile Ownership an, Operating Costs
(cents per mle)

Size Depreciation MAT**  Fuel and G Insurance Total
Passenger Van 10.7 6.9 9.1 8.9 35.6
Large Car 9.6 6.0 7.0 4.9 27.5
Intermediate Car 8.6 5.2 5.7 5.6 25.1
Compact Car 7.3 4.6 4.6 4.3 20. 8
Subconpact Car 5.9 5.1 4.4 4.9 20. 3
Lean Machine 3.3 4.9 9 4.9 14.0

*Sales and registration taxes, parking, tolls, and finance
charges not included. _
**Mai nt enance, Accessories, and Tires.

Sour ce: Federal H ghway Adm nistration, Costs of Owming and
Oﬂerati ng Aut onpbil es and Vans ﬁWlShi ngton, D.C., 1984, p. 2) and
t he cal cul ati ons shown in Table 2. For a conparison of FHWA,

Hertz, and AAA estimates see M C. Holconb, S. D. Floyd, and S. L.
Cagle's Transportation Energy Data Book, Edition 9 (Cak Ridge
National Laboratory, 1987, p. 1-45).

Table 2. Cost Calculations for the Lean Machi ne*

Cost Category Total Costs $ Cents per Mle
Mai nt enance and Repairs

(assumed same as subconpact) 5, 380 4.5
Repl acement Tires (assuned

75 percent of subconpact) 360 .3

Accessories, Floor Mats, Seat
Covers, etc. (assuned 50

percent of subqonpact% 100 1
Fuel (120,000 mles, $1.164/

gal l on, 150 npg) 930 .8
O (assuned same as conpact) 150 1
| nsurance (assumed sanme as conpact) 5,930 4.9
Depreciation (100 percent of

original value over 12 years) 4,000 3.3
TOTAL 16, 850 14. 0

"FHWA basis. 12 year vehicle life, 120,000 total mles. Finance
charges, sales tax and registration fees not included.
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Owner ship and operating costs are only part of the cost story.
Governnents provide highway facilities, and not all costs are
covered by fuel taxes. Users and others provide parking
facilities. There are the social costs of accidents, which are

reater than the costs of insurance, and there are the costs of
river training and enforcement of traffic rules. There are noise
and air pollution costs.

Future work will seek to estimate the inpact of Lean Machines
on these types of costs. Reductions in facility and noise and air
pol lution costs are expected, of course.

The tables and the discussion above provide a "first cut”
answer to cost conparison questions. Questions a deeper analysis
m ght consider are introduced bel ow

Broad Questions: The question of broad social savings needs to be
addressed. \Wen environnental costs are considered, small vehicles
such as the Lean Machine are expected to be rather benign conpared
to existing vehicles. They should generate nuch [ ess noise and air
pol lution. Today, the exhaust is no |onger the najor noise source
from aut onobil es--there is noise fromthe novenent of nechanica
parts, fromthe interaction of the tires wth pavenent, and from
movenent through the air. The smaller size of vehicles should
danmpen noise emssions fromthe first two sources, and aerodynamc
configurations should sharply danpen noise generated by the
novenent of vehicles through the air. Assum ng proper
configuration of the propulsion system the fuel efficiency of
vehicles should translate to sharp reductions in air pollution

Fuel efficiency also translates into reduced 00 em ssions and
the affect of burning fuel on the "greenhouse" effect. It
translates into easing petroleum dependency issues.

_ In the long run, the availability and use of small vehicles
m ght allow for cost reducing innovations in the uses of [|and.

There are sone conpl ex questions about users' savings. The
FHWA costing procedure assunes that a vehicle is driven 10,000
mles per year. Suppose the Lean Machine serves as a market niche
vehicle used just for commuting. |If that were the case, it mght
be driven fewer mles, say, 5,000 mles per year. Fi xed costs
woul d be spread over a smaller nunber of mles per year than is the
case for regular vehicles, and per mle cost would increase

On the other hand, perhaps drivers with a larger than average
commute would tend to invest in vehicle nore than drivers with
shorter commutes. If this were the case, the estimate if 10,000
mles per year might be appropriate. Also, the vehicle mght be
used for many purposes, and this would increase the annual mleage.
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It is knowmn that new cars tend to be driven nore mles per
year than old ones. Od cars are often assigned to "short trip,
park all day" roles--the drive-to-school car or the vehicle parked
In transit station parking lots. These exanples illustrate some of
t he Batterns of vehicle hol dings and uses by households, and little
can be said now about how the Lean Machine would fit into or change
Lhese patterns. There are cost inplications, but they are not

nown.

It is entirely possible that the availability of specialty
vehicles would increase the number of vehicles owned by individual
households. If mobility is inproved, households w Il purchase the
tools to obtain it. So considering all vehicles, the household's
overal | cost of transportation may increase.

Wth respect to facility cost questions, cost reductions are
expect ed. I'f sufficient nunbers of small vehicles appear in
traffic streans, nore efficient use of existing facilities may be
made. The expansion of facilities to accommpdate the vehicles
shﬁu”d not be as costly as expanding facilities for conventional
vehi cl es.

_ “However, the fuel efficiency of the Lean Machine vehicle
implies sharply reduced fuel tax paynents. As a result, there
n1ghtdbe Increases in costs not covered by fuel taxes for facility
provi ders.



5. | MPACT OF THE LEAN MACHI NE ON H GHWAY CAPACI TY
Abstract

The inpact of the Lean Machine on road capacity depends
on the facility type, the quantity of road use, and the
nunber of Lean Machines in the traffic stream The
di scussion in this Section identifies sone situations and
the i npact of the Lean Machine in those situations.
There is a general discussion of congestion costs and
their incidence.

The Lean Machine is a small vehicle; its footprint is about 3
feet wide and 9 feet long. It is also highly nmaneuverable and has
hi gh performance. How do those attributes affect congestion?

Congestion costs in major California cities range from about
$300 per year per vehicle in Sacramento to $1,040 in Los Angeles.
Assum ng that the Lean Machine finds a sizable market, in what
situations mght these costs be reduced? CQur inpressions are
these: The Lean Machine will have little inmpact on traffic flowin
situations where traffic is flowng freely and/or congestion is
moderate. In congested situations, however, inpacts mght be quite
significant. Wth respect to infrastructure changes to aid the use
of the Lean Machine, our inpression is that relatively sinple,
situation specific changes wll aid the introduction of the
vehicle, and those and nore extensive inprovenents nmay play an
important role in notivating Lean Machine ownership and use

_ The subject is rather conplex because inpacts on congestion
wi |l depend on factors such as:

The situation: road type, amount of traffic, turning
maneuvers and presence or absence of turning
| anes, etc.

The nunber of Lean Machines in the traffic stream

Actions taken to accommpdate the Lean WMachine on
facilities.

How demands for road space m ght increase and partially
cgnsunﬁifreed up capacity as congestion relief is
obt ai ned.

The discussion to follow will address only the first three of
these factors. It will identify some typical situations. Wthin
each situation, it will consider increasing inpacts as the
popul ation of Lean Machines in the traffic streamincreases and as
actions are taken to accommodate the vehicles. Al t hough thg
situations to be discussed could be treated in an analytic style,

_ 3Technical work has been initiated on the topics to be
di scussed. Prelimnary results are available in WIlliam L.
Garrison and Mark E. Pitstick, "Lean Vehicles: Strategies for
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this is not a technical discussion: the properties of traffic flow
and congestion will be considered in only a general way and they
will be considered in everyday rather than technical [|anguage.

The second section of the discussion will provide remarks on
estimates of congestion cost, road infrastructure changes, and
whet her the benefits of congestion relief wll notivate the
purchase and use of the Lean Machi ne.

Si tuations

Freeways and Expressways: In situations where traffic is flow ng
freely or where there is nodest congestion (say, traffic is noving
at 40 to 50 nph and passing opportunities are only noderately
[imted), t he congestion inpact of the Lean Machine would likely
be small. The small footprint of the Lean Machine does require
| ess space than conventional vehicles, but that is of little matter
because the headways of vehicles woul d be about the same regardl ess
of the type of vehicle, and headway requirenents dom nate the need
for road space (Figure 1).

Lean Machine ! o

Large ‘ ) ‘ i i j
Automobile . ‘ ‘ ‘ E:] : | l:]

i Headway d

Figure 1. Single Freeway Lane; Mdest Congestion. The
percenta?e decrease in road space requirements due to the
shorter length of the Lean Machine is very small.

Under free flow conditions, there would be only a 4 percent
decrease in freeway space requirenents, even if all vehicles were
Lean Machines (Table 1). Decreases in space requirenents energe as
the amount of traffic increases. If the traffic was conposed of
one third Lean Machines, in peak hour, heavy traffic conditions
space requirenents would be reduced by 5 to 16 percent.

The presunption in Table 1 is that Lean Machi nes are not being
driven side-by-side in a single |ane. They could, of course, for
the typical lane wdth provides anple space for side-by-side
driving. The opportunity for side-by-side driving is there, and it

I ntroducti on Enphasi zing Adjustments to Parking and Road
Facilities," SAE paper 901484  (1990) | forthcomng in SAE
publication SP-833 (1990).
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woul d begin to be taken up as the number of Lean Machines in the
traffic streamincreases. |f say, one third of the vehicles were
Lean Machines, then a sizable portion of these might be driven
si de-by-side. This would further increase the nunber of vehicles
a mle of lane could accommodate and the throughput by, say, one-
eighth to one-fifth.

Table 1. Percent Decrease in Freeway Space Requirenents

Traffic Condition 100 Percent lLean Machi nes 33 Percent
Free Flow, 1,000 Vehicles

Per Lane Per Hour 4.2 1.4
At Capacity, 2,000 Vehicles

Per Lane Per Hour 14.0 4.6
Bunper to Bunper 44.0 16.0

As the nunber of vehicles in a lane mle increases traffic
slows, and stop and go and queuei ng situations occur. Her e,
headways are smaller and the small footprint of the Lean Machine
woul d begin to nake a difference in the nunber of vehicles that
coul d be accommodated in a given area. Again, the inpact depends
on the nunber of Lean Machine in the traffic stream and major
?dditioqg i npacts could be derived from side-by-side driving

Figure 2).

Figure 2. Single Freeway Lane; Modderate Congestion. Two
Lean Machi nes si de-by-side.

The increase in capacity and reduced congestion as the nunber
of Lean Machines and the anount of side-by-side driving increase
can not be verified absent experience with the vehicles. The
amount of side-by-side driving woul d depend on the w llingness of
drivers to drive side-by-side in a single |ane. That certainly
depends on traffic velocityj and the congestion relief would be
greaﬁer the lower the traffic velocity because of increased side-

y-side driving.

QG her possibilities may be considered. |If traffic is stopped
or nmoving very slowy, Lean Machines coul d pass conventional size
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autonobiles as notorcycles do. In effect, the Lean Machi nes nove

out of the congested stream and if the nunber of Lean Machines was

%%gat eq;ygh, consi derabl e congestion relief would be achieved
igure 3).

P b | . N
P I : Pl D R e
R A . : i
[ oo b by _ 1
. b T '
H 4
t

Figure 3. Two Freeway Lanes; Heavy Congestion. Two Lean
hmﬁhlres si de- by- si de. One Lean Machi ne passing other
vehi cl es.

The opportunity for congestion relief could be enhanced by
hi ghway and traffic control agencies.  Sinple actions such as
painting lines in the centers of existing |anes or placing signs
encour agi ng side-by-side driving or pa55|n%_n1ght be hel pful.
There m ght be situations where the use of hi ghway shoul ders by
Lean Machines is practicable. |nexpensive, |ightweight pavenents
for Lean Machine use mght be placed in sonme unused right of way.
Car pool lanes could be made available to Lean Machi nes.

Sone of these actions would have to be thought tthu%h
carefully.  Signs or additional |ane str|P|ng,_for exanpl e, m ght
be confusing to drivers at times when traffic is not congested.

Arterials: Modern California arterial highways are of high type
design and many traffic signals are tined so that platoons of
traffic nove at facility design velocity through green signal after
green signal . Considering this type of traffic novenent, the
I mpacts of increasing nunbers of Lean Machines in the traffic
stream would be simlar to those previously described. However,
because of |ower velocities on arterials, opportunities for side-
by-side driving would be increased. Al so, the size and performance
of the Lean Machine m ght contribute to nore effective packing of
vehicles in platoons.

In addition, there should be favorable inpacts when there are
turning novenents at intersecting streets. | ncreased nunbers of
vehicles could be accomvpdated in left turning |anes, and Lean
Machi nes woul d maneuver through turns quickly. Slowing for right
turns woul d be reduced, although this mght not be inportant where
right turn |anes exist. Wiere there is entrance and egress at



3%

driveways, the maneuverability of Lean Machines should reduce
traffic conflicts. _
Pai nting | anes and ot her actions such as those al ready noted

woul d enhance congestion reduction. In addition, a nunber of other
opportunities may open as the nunber of Lean Machines in the
traffic stream increases. For instance, |ight weight, sinple

flyovers for left turns might be introduced (Figure 4). These

m ght be preconstructed off site and erected quickly. Their narrow
w dth mght enable themto be fitted into existing street spaces.

In addition, some rights of ma% not now devel oped for traffic m ght

be usabl e: for exanple, public utility or abandoned railroad
rights of way.
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Figure 4. Intersection of an East-Wst Four Lane
Arterial H ghway and a North-South Local Street. Left
turn lanes are provided for conventional vehicles.
Addi ti onal capacity for eastbound to northbound turns is
provided by a flyover for Lean Machi nes.

Access Points: Traffic is often congested at freeway or expressway
access ranps, at entrances to parking lots, and at other places
where there are transitions fromone facility to another. At such
points, the Lean Machine may contribute to congestion reduction in
the ways described before.

If the nunber of Lean Machines in the traffic stream warrants
action, there naK be opportunities to enhance congestion reductions
in addition to the opportunities already mentioned. In particular,
investnments mght be made in specially configured access (and
egress) ranps (Figure 5). Because of the small size and
maneuverability of the Lean Machine, these mght be relatively
I nexpensive; they mght use space that was otherw se unusabl e.
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Figure 5. East-\Vest Freeway Adjacent to a Stadium Lean
Machi ne on and off ranps provide additional capacity for
eastbound entrance to parking and eastbound egress. Such
ranps mght be provided by adjoining property owners.

I nteractive Considerations

~This section will contain remarks on the cost of congestion
the incidence of the benefits of congestion relief, and the nature
of road infrastructure inprovenents.

Benefits of Congestion Relief: J. W Hanks, Jr. and T. J. Lomax's
Roadway Congestion in Major U ban Areas (Texas Transportation
Institute, Cctober 1989, FHWA/ TX-90-1131-2) provi des conparisons of
congestion costs in 39 urban areas for the year 1987. The
researchers cal culated vehicle delay and translated delay to the
cost to individuals using $8.50 per hour. Traveling in congested
situations increases fuel consunption, and estimtes of increased
fuel cost were nmade. The researchers noted that vehicle operators
In congested areas pay nore for insurance than operators in |ess
congested areas, and an insurance increment to vehicle operating
cost was cal cul at ed.

To estimate recurring congestion, the researchers exam ned
freeways/ expressways operating at greater than 15,000 average daily
traffic (ADT) per lane and arterial streets operating at greater
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than 5,750 ADT. It was assumed that 45 percent of the ADT occurred
during peak periods. Delay due to incidents (accidents) was al so
estimated. Results for four California cities are shown in Table
2.

Table 2. Congestion Cost in Four California Cties
(1987, MIlions of Dollars)

Cost___Conponent Los Angeles Sacramento San Diego SF-Gakl and

Recurring Del ay 2,510 130 250 770
I nci dent Del a 2,900 120 190 980
Recurring Fue 400 20 40 130
I nci dent Fuel 460 20 30 160
| nsurance 1, 660 80 60 350
TOTAL 7,940 360 580 2,370
Per Capita and Per Vehicle (Doll ars)
Per Capita 730 300 280 670
Per Vehicle 1,040 377* 440 805

*Recal cul ated.  Source document entry is incorrect.

It is tenpting, but would be incorrect, to use these data and
the information on road space requirenments, such as that provided
by Table 1 and the discussion of side by side driving, to calculate
estimates of reductions in congestion costs as the Lean Machine is
introduced into traffic. Such estimates would be incorrect for the
foll ow ng reasons.

First, as vehicles enter the traffic stream delay in the
traffic streamincreases in a sharply nonlinear tashion.
The Lean Machine has the effect of reducing the nunber of
standard vehicles, and a snall percentage of Lean
Machi nes m ght provide considerable delay reduction.

Second, delays are situation specific. There are
recurring delays and incident delays. There are route
and tine considerations, and these nust be related to the
use of the Lean Machi ne.

Finally, as we have stressed, changes in road
infrastructure mghtnmultiplythe delay reduction inpacts
of the Lean Machi ne.

Estimates incorporating these considerations have not been
made; they are the subject of ongoing work. Now we have only
i npressions, and, as mentioned, we judge that congestion cost
reductions may be "quite significant.”
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I nci dence of the Benefits of Congestion Relief: The discussion
turns now to the inpact of congestion cost reduction on the Lean
Machi ne operator and others in order to point out a msnatch.

The driver entering a congested traffic streamincurs del ays,

the negative benefits of congestion. In addition, the driver
i nposes addi tional delay on ollomnng vehicl es. | n congested
situations the delay created by the addition of a vehicle to the

traffic stream may be nuch | arger than the del ay experienced by the
driver of the added vehicle. There is a m smatch between cost
incurred and cost occasioned. This is the rational of congestion
pricing: drivers should be aware of the full costs of their
actions.

Suppose a driver elects to use a Lean Machine rather than a
conventional vehicle. The use of the Lean Machine provides
congestion relief for other drivers, and that relief may be nuch
greater than the relief obtained by the Lean Machine driver. Here,
there is a msmatch between the actor creating congestion relief
and the incidence of the relief. Congestion pricing with prices
for Lean Machines lower than prices for ordinary vehicles would
tenper the m smatch.

Congestion pricing is of great interest to policy makers.
Indeed, it may be inposed in partial ways in sone situations, such
as on toll bridges and roads. If this were the case, it mght
motivate the purchase and use of Lean Machines on such facilities.
However, nost critics doubt the political feasibility of the
introduction of congestion pricing. Absent congestion pricing, to
what extent will the benefits of congestion relief notivate the
purchase of Lean Machines?

There seemto be two considerations. First, although the
operator is not capturing all of the congestion relief benefits,
the congestion relief obtained by the Lean Machi ne operator naﬁ_be
sizable and notivate purchase. ~As pointed out, the Lean Machine
coul d pass other vehicles in very congested traffic and ease its
operator's travel around incidents or through traffic choke points
generating recurring delay. In addition, if the road
Infrastructure is inproved to accommobdate Lean Machines, then in
sonme situations the reduction in the Lean Machine driver's del ay
m ght also notivate purchase and use of the Lean Machi ne.

Further, wth respect to road infrastructure inprovenments, the
full analysis of their benefits and costs should consider all the
delay reductions they achieve. Here, the calculation of benefits
extends to the traffic streamrather than just to Lean Machine
operators' benefits. Use of facilities where investments were nade
using the total benefits criterion would return sone of the stream
of total benefits to Lean Machine owners and operators.
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Road Infrastructure Inprovements: ~~ As just stated, r oad
i mprovenents to accommpdate Lean Machines may be warranted by the
overal | consideration of congestion relief; they may play an

inportant role in individuals' decisions to own and operate
vehicles. \What types of inprovements mght be nade? How night
they be sequenced.

Several types of inprovenments were noted in earlier parts of
this discussion: for instance, flyovers, |anes on unused rights of
way, and lines in the mddle of freeway |anes. There are many
ot%er types of inprovements. For instance, if the nunber of Lean
Machines in the traffic streamwarranted, some facilities mght be
doubl e decked with sinple, |ightweight structures for exclusive
Lean Machine use. Considerable revanping of stretches of freeways
and arterial roads (mainly by adjusting Tane wi dths) mght provide
extensive routes for Lean Machine use.

~ W have only begun to exam ne sonme of the road inprovenent
options, but have already reached the conclusion nentioned in the

introduction to this docunent. |t appears that many of the road
i mprovenents hel pful to the Lean Machine can be first inplenmented
in sinple, site specific ways. In sone cases, the inprovenents
m ght be notivated and funded by abutting property owners. The
menu of inprovenents is such that additional, nore extensive
I nprovenments can be added in increnental ways if desired. These
are desirable attributes of an investnent program | nprovenent s

may be matched to growh in use of the Lean Machine and the
appearance of benefits justifying those inprovenents.



