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STUDI ES OF ROAD | NFRASTRUCTURE REQUI REMENTS
FOR SMALL | NNOVATI VE VEH CLES

ABSTRACT

Phase 1 of this study of the road infrastructure requirenents for
smal | innovative passenger vehicles sought to scope the benefits
and costs associated with the introduction of such vehicles. It
al so sought to identify the ways vehicles mght be introduced and
the road nodifications that mght be required or desired if such
vehicles were to appear in vehicle fleets. Two small vehicles were
consi der ed: a high performance, 500 to 700 pound, 1 + occupant,

narrow car that mght serve as a comuter car and a |ow
performance, golf cart-like vehicle that mght be wused for
nei ghbor hood range travel. Either of these vehicles mght be used
to access transit facilities and serve as a station car

Anal yses of benefits for the comruter vehicle indicate that it
m ght increase the nobility of households, aid highway agency
provision of cost effective capacity increases, and provide
generally dispersed benefits associated wth reduced urban
congestion and consunption of petroleum fuels. The conmut er
vehicle could be an ultra-lowenission car. But because ultra-low-
em ssion vehicles wll be required in California whether the
commuter car is marketed or not, its availability would have little
i mpact on reducing em ssions from autonobil es.

Road infrastructure nodifications for the comuter car include
restriping, provision of special |anes including outrider |anes on
structures, and flyovers. Increases in parking facility capacity
could be achieved by restriping. These nodifications could sharply
i ncrease capacity and could be achieved increnentally at |ow cost.

Golf carts are already in use, as are small wutility vehicles of
simlar size. The wider use of these or simlar vehicles appears
to turn on provision of road facilities for them Peachtree Cty,

GA illustrates how such facilities can be provided in a new
comunity. The provision of facilities in old neighborhoods poses
a nore difficult problem Desi gns were devel oped suggesting how
facilities mght be provided. Nei ghbor hood cars mght increase
| ocal scale nobility and mght aid in inproving the quality of

| ocal environnments.

W der use of neighborhood cars could be aided by inproved facility
design concepts and the devel opnent of standards. Myre needs to be
known about the market for, and potential uses of, comruter cars,
as well as about associated road designs. Start-up production
costs and market risk may be a barrier to marketing comuter cars.
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The work reported has not rejected the notion that small

vehicles might offer opportunities for transportation system
i mprovenents. That's not the same a proving that the notion is
vi abl e. That kind of proof will be found at the end of rounds of
i nqui ry when vehicles appear on the nmarket. So although the report
contains nmany observations that have a findings character, smal
vehicle opportunities remain a subject for study and testing.



STUDI ES OF ROAD | NFRASTRUCTURE REQUI REMENTS
FOR SMALL | NNOVATI VE VEH CLES

1. |1 NTRODUCTI ON

This is the Final Report of Phase | studies of road
infrastructure requirenents for small innovative highway vehicles.
The adoption of such vehicles turns on answers to questions about
i mproved nmobility and reduced energy use and air pollution, as well
as questions about regulatory constraints, vehicle producers'
decisions, and the suitability of the highway infrastructure.
Modi fications to highways may be required before consunmers wll
purchase and use innovative vehicles or they may be desired if such
vehicles are w dely used. For this reason, stress in this Report
is on highway nodification questions. Prelimnary estimtes of
benefits and costs are presented, sone "ball park" and sone
relatively refined. There is also stress on what has been | earned
about the problem of introducing innovative vehicles or novelties
into the highway system

Project reports previously published provide statenents of
approaches and findings, and these provide the basis for the
present report which strives for clarification-stocktaking

obj ecti ves. Reports previously published should be consulted for



2 I nt roduction
details of the work (1, 2, 3, 4, 5; see also 6).'

Clarification-stocktaking objectives are appropriate at this
time because rounds of work have been conpleted that addressed
fuzzy questions. Wrk sought to clarify those questions. Sone
t hings have been |earned about the inportance and substance of
benefit-cost questions. Sone things have been |earned about the
technical problems of introducing innovative vehicles into the
hi ghway system At this point in the stream of work, this report
strives to say what is known now about the small innovative vehicle
opportunity and how it mght be grasped

The findings to be presented will say that small innovative
vehi cl es prom se decreases in congestion, inprovenents in nobility,
and reductions in energy use. I mpacts on air pollution depend on
the type of vehicle and its uses. Inportant caveats bear on those
findings, especially uncertainties about changes ina vehicles and
road facilities, markets and market penetration, changes in travel
and safety. These will be noted.

Because the innovative vehicle concept is novel and the term
can nean many things, the concept will be presented along with sone
definitions prior to discussing notives for the work, sketching the
research approach, and identifying the topics and findings to be
covered in this Report. To provide a partial summary of findings,
and to prepare the reader for the discussion to follow, sone

guestions and answers about innovative vehicles will be treated at

"Arabic nunmbers refer to references. They are listed at the
end of this Report.
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the end of this introductory section.

1.1. The Innovative Vehicle Concept

This study was triggered by General Mtors Corporation (GW
investigations of the feasibility of marketing a relatively
I nexpensive single occupant, high performance, fuel efficient
vehicle.* Known as the Lean Machine, a prototype of the vehicle
has been on display in Florida for sone years, where it has
received a high level of visitor interest (Figure 1). The vehicle
is about 9 feet long and 3 feet w de. Production versions would
wei gh about 500 to 700 pounds enpty, offer high acceleration,

achi eve 100-150 npg depending on accessories, and cost from $5, 000

to $8, 000.

Figure 1: Exanple of a Possible
Comut er Car: The General Modtors
Lean Machi ne.

Exam nation of the vehicle concept suggested that it m ght

hold the potential for congestion relief. Narrower than
conventional vehicles and achieving stability by leaning, it would

reduce requirements for road space. For exanple, if the nunber of

*Appendi x A provides a partial history of the project and
identifies participants.
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vehicles in the traffic stream warrants, 12 foot |anes could be
striped to formtwo 6 foot l[anes and thus increase road capacity.
One conventional parking space m ght be converted to two spaces.

As studies were undertaken and plans for additional studies
unfol ded, the innovative vehicle concept w dened to considerations
of the travel functions to be served. It was recognized that the
Lean Machine or sone conpetitive design mght serve single person
trips when high performance, including capability for relatively
long trips, is desired. For this reason, the vehicle began to be
described as a comuter car. Urban hi ghways are congested during
commuting hours, and nobst commuting is in single occupancy
vehicles. Later in the study, however, discussions with potenti al
vehi cl e purchasers and users revealed that the comuter car | abel
may be too limting, for individuals imagined a richer set of
functions for the vehicle. They also called for room for an
occasi onal passenger.

The consideration of functions led to parallel investigations
of a vehicle that mght be used for neighborhood range travel: a
nei ghborhood car, which mght also serve for access to transit
facilities, i.e., a station car (Figure 2). Such a vehicle would
not require high performance, including |ong range, and m ght be a
sinple electric vehicle. The golf cart is illustrative of such a
vehicle. Mdifying the road infrastructure for neighborhood range
travel raises a different set of issues than those for the commuter

car, of course
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Figure 2: Nei ghborhood Car
Concept Devel oped by the
Trans-2 Corporati on.

In short, the work to be reviewed in this Report first focused
on a particular proposed vehicle, the Lean Machine. As wor k
progressed, focus w dened to classes of vehicles that might be
introduced to serve a range of travel purposes in varied
envi ronnents. The result of this changing focus appears in the

shifts in termnology and the scope of the work to be reviewed in

this Report.

1.2. Definitions

Definitions before proceeding: Wat is an innovative vehicle:
What is road infrastructure? There are many techniques for doing
most anything. An innovation is a technique for doing sonething
that finds a market. In this very general sense, all highway
vehicles are innovative. They involve techniques for noving
passengers or goods and are marketed. The notion of "innovative
vehicle" used in this work is less general. Concern here is with
vehicles that are sufficiently different from conventional vehicles

that road infrastructure changes nay be required or desired before
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they can be used successfully. This rules out many new vehicl es,
such as the passenger van which has had recent market success but
has required no changes in roads. The high level of automation
i magi ned, in sone |IVHS concepts may require changes in highways.
Al t hough aspects of the findings fromthis work may have inferences
for the inplementation of |VHS technologies, these were not
considered in the work to be reviewed. Concern has been wth
vehicles that are waiting-in-the-wings, so to speak, and vehicles
whose benefits flow fromtheir small size. As a practical matter
this means |ight weight vehicles that mght be inexpensive to own
and operate and |essen congestion, energy consunption, and air
pollution.3

Because different vehicle concepts have inferences for
different classes of roads, concern is with all classes of public
roads. Roads are not the only physical facilities used by
vehicles, of course. There are driveways, parking garages, filling
stations, etc., and innovative vehicles may place requirenents on
such facilities. Battery powered electric vehicles, for exanple,
require charging facilities. On occasion, there will be reference

to such extensions of the road infrastructure.

1.3. Mot i vati on
It was stated that the studies were triggered by GM's interest

in the prospects for a novel small vehicle, the Lean Machine. The

3Larger/heavier trucks also neet the criterion because they
do not match present road designs very well. They wll be
mentioned in the last section of this report.
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broad notivation for the study was nuch wider than that, and the
Lean Machine served as a promsing case in point. As is wdely
known, a variety of initiatives are underway to inprove highway
system services and nore are under discussion: for exanple,
provision of HOV lanes, exhaust emssions and fuel econony
regul ati ons, devel opnent of |VHS technol ogies, shifts in the |oci
and structure of planning and project initiation, safety
regul ati on, devel opnent of toll roads, and congestion pricing. In
part, the innovative vehicle concept may be thought of as
augnmenting these initiatives.

I nnovative vehicles my have a "have your cake and eat it too"
character. There is the promse of inproved nobility from reduced
congestion and | owered costs of vehicles and travel. Light weight
prom ses fuel efficiency and, provided state-of-the-art emni ssion
controls are used, reduced em ssions. The question of whether
i nnovative vehicles mght augnent or supplenment today's initiatives
seemed worth exploring.

There is an even broader somewhat nore abstract notivation for
t he work. It builds on a broad observation about the highway
system The physi cal desi gns, traffic protocols, f undi ng
arrangenents, and other attributes of the present highway system
accommodat e present vehicle types. System devel opment respondi ng
to social needs may be viewed as constrained by structura
rigidities: vehicles have to fit roads and uses, roads are
designed for vehicles and their uses, and users make choices in

l'ight of available roads and vehicles. This nmkes radical change
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very difficult. The difficulty is illustrated by the problem of
forging and inplementing policies to achieve further sharp
reductions in vehicle energy use.

Because of the "things have to fit" character of the highway
system i nprovenents that mght be obtained by introducing
novelties, such as innovative vehicles, may require coordinated
system adj ust nents. On reflection, rigidities that block novel
devel opnent opportunities characterize many |arge systens. It is
also true that many |large systens, such as conmunications systens
where cel lul ar phones and other new services have been introduced,

illustrate how novelties may energi ze devel opnents.

1.4, Analysis Approach

How were the issues bearing on the assessnent of the snal
vehicles concept and also on the introduction of innovative
vehicles identified and analyzed? The approach was to mmc the
ways products and services are conceived and introduced to markets,
for the concept isn't viable unless there are ways to introduce
i nnovative vehicles in markets. As already discussed, the
constrained character of decision-making by nmanufacturers,
travel ers, and road suppliers poses unconventional pr oduct
i ntroduction problens. I nnovative vehicles are sufficiently
different from conventional vehicles that inmagination has be
stretched, not just for vehicles, but also for roads and travel

Striving for imagination stretching, the analysis focused on

how markets mght be identified and established. Markets are
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created when there is interaction of demand and supply. Aided by
know edge of mnmarkets for their products and of their production
capabilities, suppliers develop new products or inprove old ones.
They evaluate possible offerings on nany dinensions: risk,
manuf acturability, profitability, loss of markets for existing
products, conpetitiveness, etc. They then may or may not offer
products to narkets. Consurers find out about products through
advertising or word-of-mouth and express their prefzrences through
pur chases.

Figure 3 displays how the analysis m mcked supply and demand
and product introduction processes. The anal ysis proceeded in a
learning way, and it is convenient to describe it as a set of steps
or rounds. Round 1 began when the concept was introduced and
shar pened. Next, actors on the denmand and supply sides reacted to
t he concept. Based on what was l|learned fromtheir reactions, the
concept was further sharpened. As the process proceeded, benefit-
cost neasures were refined and there was nonitoring for barriers or
"show stoppers." Analyses not yet made would follow the sane
pattern, as would succeeding steps in introducing vehicles to
mar ket s.

The process shown in Figure 3 is not as neatly structured as
the Figure inplies, and that is also true of the activities within
the process. The process ran sonewhat differently in the
nei ghbor hood car and conmuter car cases. It is described as if
there are separate roles for actors on the market and supply sides,

and that is only partly true. Early in the process of exam ning
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the cormmuter car, the researchers nade sinple cost cal cul ati ons and
trip conparisons to infer how the market mght respond to the
concept, and the concept was partly brought to potential purchasers

later in'the work when structured interviews were wnndertaken.

Demand Side Concept Sharpening Supply-Side

ROUND 1:
Sharpen innovative vehicle concept:
functions, cost, etc. Identify
road infrastructure requirements.
Present concept to purchasers,
users, etc.

Estimate purchase = Feasibility of
and use decisions. road modifications;

what about vehicles?
ROUND 2:

Assess. Screen for barriers
on supply-or demand-sides,

Sharpen concept. -
Purchase and \ Feasibility of

use decisions, infrastructure
\ changes.
Continue

Figure 3: Interacting Supply and Demand

1.5. About Findings So Far
Wuld it be feasible to introduce comruter and nei ghborhood
vehicles into the highway systen? Wuld such vehicles inprove
nmobility and aid in managi ng congestion, environnental, and energy
probl ens?  Yes.

But that yes is subject to strong caveats. The overriding
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unknown stens from linmts to what can be done with questions of
this type using "paper and pencil" analysis. Market acceptance is
the ultimate test of new products and services, and final answers
of the feasibility and benefit questions will not be known unti
smal | innovative vehicles and associated road infrastructures are
tested in markets.

If that is the case, why answer the questions, yes? The work
acconplished so far can be described a "reality check,” to use a
current expression, and a series of questions have been answered
yes. Yes is in the sense, "From what has been l|learned so far, yes
seens to be the case.” The questions include:

From the points of view of travel needs and vehicles

used, mght households find snmall vehicles attractive

purchase and use options?

If small vehicles are increasingly wused, can cost

effective nodifications of road infrastructure be nade to

accomodat e the vehicles?

Can nodifications of road infrastructure be nade in an

incremental, step by step fashion tuned to increased

nunmbers of small vehicl es?

Wul d actors involved with providing roads and streets

and community scale political decision nakers wel cone the

use of snall vehicles and support infrastructure

nodi fications?

Are there broad social and econonmic benefits that m ght
i nduce public policy favoring the use of small vehicles?

Two ot her questions where the yes answer is qualified were
identified. For these questions, the qualification is one of
percepti on. Reasons were not found saying that the answer would
not be, yes. Rather, there is concern that actors woul d not accept

t hat answer. The questions are:
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Wul d snmall vehicles be safe?

Wul d manufacturers produce snmall vehicles?

Wth respect to safety, snmall vehicles are perceived to be
l ess safe than large ones, and the bases for that perception are
the physics of collisions and accident experiences, The small car
concept discussed here inmagines small vehicles on r>ads tailored
for them Even so, the perception carried over from experience
with vehicles operating in mxed traffic may be a barrier to the
devel opnent of small car systens.

Wth respect to vehicle production, manufacturers are already
produci ng or planning to produce small vehicles wth neighborhood
car characteristics. Excepting the notorcycle, there is no
commut er car prototype-like vehicle being marketed. Perceptions of
risk, market size, and other considerations may be a barrier to
vehi cl e production.

A final point needs to be made about the findings fromthe
work. It has do with unexpected effects.

The highway systemis |large and provides a conplex set of
servi ces. It has a high level of interrelations with other
transportation nodes, as well as with production and consunption
syst ens. For these reasons, and because of the difficulty of
conpl etely understandi ng conpl ex systens, unexpected effects may
occur if small vehicles and infrastructure nodifications are
I ntroduced. There is the unanswerabl e question of the nature of
unexpected effects.

However there is a question that can be addressed:
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Wuld the devel opment  pat hway tr|8gered by the
introduction of small vehicles and modi fi ed roads be
sufficiently flexible so that it could track on changi ng
technol ogi es and markets, as well as changes in the
environments of transportation?

A question asked and answered yes earlier asked if increnental
road adjustnents could be nade as the as snall vehicles entered the
vehicle fleet. That earlier question partly answers the present

question.

1.6. To Foll ow

The questions just discussed will be treated in the sections
to follow Section 2, beginning below, wll provide a broad brush
overview of the findings about comuter cars and, using a simlar
style, Section 3 will discuss nei ghborhood vehicl es. I n both
sections, the objective is clarification of the opportunities that
i nnovative vehicles may present, as well as the adjustments in road
infrastructure that may be required.

Section 4 provides a short summary (or stocktaking) of
t hi nki ng about the vehicles and the roads they mght require. As
stated, the work is in md-stride, and this section addresses the
question, How do we see it now? |In addressing that question, the
di scussion will revisit the questions just discussed.

The final sections provide perspectives on safety issues and

broadl y-scoped nodifications to the highway system
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2. COVWUTER VEH CLES IN THE HOUSEHOLD AND ON THE ROAD

The discussion in this section focuses on the benefits and
costs associated with the commuter car and the road facilities
required-or desired for it. It begins with a sketch of the role of
the vehicle in serving household travel needs. The next part of
t he di scussion exam nes how roads m ght be nodified to accommbdate
the vehicle and its uses. The section closes with an examination
of benefits and costs neasured at aggregate |evels: ener gy
savings, air pollution reduction, and congestion reduction. The
first two parts of the discussion are general, the last part
focuses on California and, for congestion relief measures, the San
Franci sco Bay and the Los Angel es areas.

The logic of the presentation is this: Benefits will not be
achi eved unl ess individuals, households, and other organizations
find it worthwhile to purchase and use commuter vehicles. At the
same tine, the attractiveness of the comruter vehicle to these
potential purchasers and users may turn on the ways roads are
modi fied to acconmodate it. Road nodifications raise the question
of the benefits and costs to highway agencies. Woul d hi ghway
agencies find nodifications an attractive alternative? The
attractiveness of vehicles to consuners and hi ghway suppliers
provi des perspectives for applying broad neasures of benefits and

costs.
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2.1. Households and the Commuter car*

Sone of the properties of snmall innovative vehicles say that
they would be socially desirable. They woul d enlarge the choices
avail able to consunmers and do so at |ower costs conpared to npst
convent i onal vehi cl es, t hus i ncreasi ng consuner sur pl us.
Congestion should be reduced. Air pollution and energy consunption
are of concern, and snall innovative vehicles would be parsinonious
in energy consunption with a corresponding reduction of em ssions.

Wth respect to socially undesirable results fromthe adoption
and use of small cars, there is the question of safety (a topic to
be treated in the last section of this report). Aso, if driving
is made easier through reduced congestion and |lowered per mile

cost, then annual passenger vehicle mles of travel (VMI) may

i ncrease. Sone regard increases in VMl as undesirable in any
ci rcunst ances. In the nmin, that concern is addressed to
conventi onal vehi cl es wher e i ncreased VMI i ncr eases fuel

consunption, congestion, and enissions. To the extent that small
vehicles substitute for larger vehicles for existing travel, fue
consunption, congestions and em ssions would be reduced. |f snall
vehicles trigger additional travel, the negative effects of that
travel should be nodest.
2.1.1. Affordability and Usability:

The notion that households mght find the comuter car an

attractive purchase and use option had elenents of affordability

“The discussion in this subsection is drawn largely from
references 1 and 2.
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and usability. Households differ in size, financial resources, and
nunber of l|icensed drivers, as well as stage in the famly life
cycle and living, consunption, and working styles. About 58
percent of U S. households own two or nore vehicles, and that's
about 54 mllion households. (Table 1) Today, the average cost of
a new car is about $17, 500. Estimating the purchase cost of the
commut er vehicle to be about one half (or |ess) the average cost of
a conventional autonobile, sone multi-car households mght find it
desirable to substitute one or two comuter vehicles for a
conventional car (or passenger van or pick up truck).

TABLE 1. PERCENTAGE DI STRI BUTI ON OF HOUSEHOLDS BY NUMBER
OF LI CENSED DRI VERS AND NUMBER OF VEHI CLES, 1990 (7)

Nunmber of Licensed Number of Vehicles MI1lion
Drivers 0 1 2 3 or nore Househol ds
None 61.9 18.0 14.1 6.0 9.3
One 6.3 59.4 24.5 9.7 37.4
Two 9 16.6 61.3 21.3 38.0
Three or More 1.1 5,0 24.2 69.7 8.5
Bi g nunbers are involved. There were about 130 mllion

automobiles in use in 1990, and annual sales were running at about
9 mllion. |If the conmmuter car were to capture 5 percent of annual
sales, alnost one half nillion commuter cars would be added to the
aut onobil e fleet annually. But considering the | arge nunmber of
autonobiles in the fleet and their survival rate (the nedi um age of
autonobiles in the fleet is about 6.5 years), it would take tine
for the fleet to change conposition.

Consuners consi der operating cost along with initial purchase
cost when acquiring new or used vehicles, and when those costs are

added they run about ¢$.27 per mle for a large car, $20.8 for a
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compact car, and $.14 for the Lean Machine version of the commuter
car.”> These cost calculations were made in a way not to favor the
Lean Machine, and assunme that the nmintenance, accessories, tires,
and insurance costs for the Lean Machine are not much | ower than
t hose for conventional vehicles. Overall, vehicles are about 10
percent of consumer expenditures and notor fuels about 4 percent.

There is the purchase decision, and there is the use decision

As stated, the innovative vehicle was ternmed the commuter car
because of the characteristics of comuting trips. In 1990, 91
percent of these were by autompobile, and the percuentage has been
I ncreasi ng. Vehi cl e occupancy is relatively |ow Trips are
relatively long, and many commuting trips take place during the
hours when highways tend to be congested (Figure 4).

As Figure 4 indicates, there are many noncommuting trips that
are often single person trips, and the comuter car m ght serve
well for these trips. |In addition, discussions with fleet managers
I ndi cate the possibility of the conmuter car as an attractive
alternative for many of the duties performed by fleet vehicles.

So far, the commuter car has been treated as another vehicle
in the stock of vehicles available to households. The presunption
is that if households choose the vehicle, there is inproved
mobility for the household in terns of |ower ownership and

operation costs and, perhaps, easier scheduling of trips if nore

These costs are from the estimating procedure used in
Reference 1. A life cycle, net present value analysis presented in
Reference 5 yields $.36 per mle for a conventional car and $.23
for a conmuter car, a 36 percent savings for the commter car.
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vehicles are available to the househol d.
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Figure 4 Vehicle Trip Length Trends:  1983-1990.
(As reported in Reference 8)

2.1. 2. Eased Trip Making:

I mproved mobility nay also be obtained because of eased trip
maki ng. To illustrate this point, suppose a trip is made by a
commuter car at a point in tinme when there are a nunber of such
vehicles in use. The driver mght |eave the home base and drive on
nei ghborhood streets to an arterial street. \en traffic queues at
lights, there may be openings between conventional vehicles so that
commuter cars can nove toward the heads of queues. Use of HOV
| anes for access to freeways and for travel along freeways may
allow the vehicle to avoid congestion delays. \Were HOV | anes are

not available, there might be special |anes and/or entrance and
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exit flyovers for commuter car use. If traffic is relatively free
flow ng, the commuter car mght occupy a |ane as a conventional car
does. At congested places, there might be narrow | anes specially
marked for commuter cars. At the trip end, the car might be parked
at reduced cost in specially marked stalls in snmall spaces.

The HOV lane part of the trip would be quite simlar if the
smal | vehicle user were one of the first to use conmuter cars. But
early-on there would be absence of road facilities specially
configured for small vehicles; special parking spaces m ght be
marked fairly quickly although they mght be few in number. Even
so, the user mght find it relatively easy to pass through
congested areas by passing slow noving |arger vehicles using the
| ane space available and find parking areas, just as notorcycles
do.

Travel benefits to commuter car operators should increase as
the popul ation of those vehicles increases. It should be nentioned
that there should also be benefits to users of conventional cars as
drivers switch to comuter cars and leave nore room for
conventional vehicles. Interestingly, if commuter cars were
increasingly substituted for conventional cars for single or
occasional 1 + wvehicle occupancy trips, the efficiency of
conventional cars would increase as their occupancy increased. A
conventional car with four passengers, for instance, would achieve
passenger mles per gallon approaching the energy efficiency of the
comut er vehicle.

The point of these exanples is that there mght be nobility
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gains for conmuter car users fromless frustrating and costly
travel. For the Lean Machine version of the comuter car, the ride
m ght be nore confortable and "fun." That's because the vehicle
| eans when cornering and is very maneuverable. A bicycle-like ride
results; the driver does not tend to slide on the seat when
cornering.

2.1.3. Vehicle Availability:

Commut er vehicles nust be manufactured and avail able on the
market if consumers are to have choices and grasp benefits. The
di scussion so far does not answer questions a potential
manuf acturer mght ask: 1. Wat should the vehicle be |ike? 2.
What will be the annual sales? 3. Wuld sales of commuter vehicles
decrease sal es of conventional vehicles? 4. WII| nodifications be
made to roads that would inprove the attractiveness of the vehicle?

Questions 1, 3, and 4 will be treated in later sections of
this report.

Consi dering annual sales, the observation was ~:de that |arge
nunbers are involved when the existing fleet of autonobiles and
annual sal es are descri bed. It was further stated that sone
percentage of annual sales, say, 5 percent, would represent a
sizable market for a potential vehicle manufacturer. For exanpl e,
at current levels of annual new car sales in the US., 5 percent of
the market would represent between 400 and 500 thousand vehicles.
Data are available on the number of autonobiles in households, the
soci o-economi ¢ characteristics of households, and trip nmaking.

Using these data, "if, then" estimates of overall market size would
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permt refinenent of gross magnitudes. For exanple, if households
wth two or nore commuters purchases one vehicle, then the gross
mar ket would be....... Simple calculations of this type support
t he "large numbers™ view of the market. For conparison with the
400-500 t housand sal es mentioned, some 1990 sales (in thousands)
were: Mistang, 124; Cavalier 307, chevrolet/Geo, 128; Taurus, 313;
and Mazda Minta 34 (9).

It nmust quickly be said that the concl usion "comparisons
suggest 5 percent of the market would make manufacturing a near-
certainty" cannot be drawn. Among ot her things, potential
manuf act urers nust consi der achieving economes of scale both in
assenbly and the production of parts. |In particular, the comuting
vehicle may be sufficiently different fromexisting vehicles to
limt the communality of parts between it and conventi onal
vehi cl es. There may be other manufacturability problens that
differ from those of conventional vehicles.

Al though there is nuch discussion in the literature of
fl exi bl e manufacturing, the |oosening of requirenents for scale in
manufacturing, and carefully engineering manufacturing process for
specific products, there is no escaping potential nmanufacturers'
needs for infornation about markets. Two ways to derive market
information nmay be considered. The first involves market
partitioning as suggested by the discussion of magnitudes above.

The second is to use formal choice analysis to make estinates
of vehicle purchasing and trip making choices. This may invol ve

the evaluation of results fromtest markets (consuners' reveal ed
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choices). An alternative is to investigate consumer reactions to
I magi nary product offerings obtained fromwell designed experinents
where potential purchasers and users are given information on
vehicles ' (consumers' stated preferences).

The results of studies of travel using conventional cars say
things that appear obvious at first glance: for instance, trave
decreases as fuel price increases and increases as incone
I ncreases, new cars are driven nmore per year than old ones, and the
hi gher the price of new cars the less old cars are scrapped.
However, a virtue of these studies is that they go beyond the
obvi ous and provide elasticities in the form a 1 percent increase
(decrease) in x yields a y percent increase (decrease) in z. The
drawback is that elasticities apply to small changes in current
conditions and extrapol ation of information on conventional cars to
the commuter car is not warranted.

Is there a conclusion from this discussion of vehicle
availability to potential purchasers? Not really, so we wll
return to this topic toward the end of this report. As st ated,
availability turns on whether manufacturers wll produce products.
The market size that would attract manufactures partly turns on
manuf acturability questions on which we have no infornmation.
| gnoring costs and prices, comuter car-type products could be
produced, of course. The issue is that of the bal ance anpong narket
sizes, the costs of production for markets of varied sizes, and

product prices and consuner choices.
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2.2. Road Facilities for Commuter cars®

To this point it has been said that commuter cars in the urban
traffic m x portend overall benefits and that individual purchasers
and users might be notivated by the benefits they obtain. There
are questions not yet treated about the highway infrastructure:
How easily could it be adapted to serve comuter vehicles, Wat
woul d be the benefit-cost situation?
2.2.1. The Comuter Car in Traffic:

Length Doesn't Matter So Mich: There are costless benefits to

traffic fl ow because the commuter car is relatively short conpared
to conventional vehicles, say 9 feet conpared to 18 feet. The
reduced | ength of the comuter vehicle says that a given |ength of
hi ghway can accommobdate nore vehicles, whether traffic is free
flowng or lined in queues at traffic signals or at congested
poi nts. In addition, nore cars can al so be handl ed because it has
been observed that drivers accept shorter than average spaci ng when
followng small vehicles (Table 2). Capacity increases when
traffic is free flowing are estimated to be from8 to 15 percent,
and at intersections, from 6 to 20 percent. Capacity increase
depends on velocity, and that is why sone anal ysts report ranges of
increases. (The last two entries in the Table were cal culated for
the Lean Machi ne. See Reference 2 for the sources of the data
shown in the Table).

The percentage increases shown are obtai ned when extrene cases

are conpar ed: traffic is conposed either of all large cars or of

This di scussion is based on Reference 2.
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smal | cars. That not being the case and with mxed traffic,
capacity increases would be |ower than those shown.

TABLE 2: ESTI MATES OF THE EFFECT OF VEH CLE LENGIH
ON ROAD CAPACI TY

Smal | Car

St andard Car Smal | Car Capacity |Increase
Length (feet) Length (feet) Per cent

16 12 a

| a 14 a

18 12 10-15"

20 10 10-15 15-20"

18 9 6-11"

| a 9 9-13

18 9 18"

"At intersections.

Congestion is neasured in tine units of delay; and the cost of
congestion is estimated by multiplying delay-time by a nonetary
val ue. One estimate of the cost of annual congestion delay for
1987 in Los Angeles during hours of peak travel yields 8 billion
dollars (about $700 per capita and $1,000 per vehicle). So if
shorter headway resulting from increased nunbers of conmuter
vehicles reduced delay by, say, 2 percent, the overall savings
woul d be quite sizable, about 160 mllion dollars per year. But
t hose aggregate savings would be shared by all highway users and
not just by those purchasing and using small vehicles, and savings
would be small on a per vehicle basis (about $20).

Wdth Mitters Very Mich: The width of the commuter car

matters nmuch nore than its length. The Lean Machi ne version of the
commuter car is about three feet in width, suggesting that it could
operate on relatively narrow | anes. Just how narrow i s unknown,
but at very |ow speeds snmall vehicles would require from one half

to one foot of clearance. A lane 6 feet in wdth should
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accommodat e the vehicle at noderate speeds and width greater than
6 feet would be required at higher speeds. These assunpti ons,
which seem reasonable especially if a wvehicle is highly
maneuverable as is the Lean Machi ne, suggest three things. 1. In
"stop-and-go" congestion the comuter car could maneuver past
st opped or slow noving vehicles, as notorcycles and bicycles do.
2. For access-and-egress to freeways and in areas of recurrent
congestion where speeds are relatively |low, commuter vehicles could
travel side-by-side on existing |anes and/or special |anes for
comruter cars could be either newy constructed or created by
striping 12 foot lanes. 3. At intermediate speeds sonme side-by-
side travel could be expected, as is suggested by the ways
not orcycl es operate. 4. The extra foot or so of clearance and
| ane width that mght be required for higher speeds is not a natter
of concern. H gher speeds occur when traffic is free flow ng.
Under those conditions, there is room for comuter cars on
conventional 1lanes.’

A nodern highway lane on a nultilane facility can accommmodate
about 2,000 conventional passenger vehicles per hour (vph).
Suppose Lean Machi ne type conmuter cars begin to appear on such a
lane. One possibility is that Lean Machines travel in single file.

In this case, there is nodest increased capacity of the |lane as the

"An "almost four |ane carriageways" scheme has been discussed
i n Germany. Lanes 4.2 meters wde (about 14 feet) are proposed.
I n rush hour traffic, trucks and busses would operate using the
entire width of the lane. Conventional autonobiles would travel
si de- by- si de. Wbr k has suggested that such | ane occupancy is
suited for short strips of road, lengths up to 800 neters. See
Reference 10, p. 303.
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fraction of Lean Machines increases, for the capacity increase to
2260vph is only due to the shorter [ength of Lean Machi nes.
Anot her possibility is that Lean Machines are paired at random
say, just as they happen to join the traffic stream and drivers
move Side-by-side in a happenstance-joining way. A third
possibility is that drivers of Lean Machines rearrange their
positions in traffic to formpairs of vehicles. In the random-
paired and rearranged-paired cases the capacity of the |ane
increases to 4520 vph as the percentage of Lean Machines in the

traffic stream reaches 100 percent (Figure 5).

Capacity (vph)
5000 +

T — Rearranged
4000 + ~ Paired
3000 —SinglePtle |
2000
1000 +

0 [} i Il Ll ] I [} 1 1 :
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Lean Vehicle Fraction

Figure 5: Capacity of a Lane of Miltilane H ghway as a Function
of the Fraction of Commuter Vehicles in the Traffic Stream

Heiqght; Frontal Area: A vehicle used primarily for one person

need only be wi de enough to accommodate that person, and a 3 foot
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wi dth should be nore than anple. A vehicle with a correspondi ng
tread width of about 3 feet containing a person sitting upright
woul d have a relatively high center of gravity and tip-over would
be of concern. Because curves on roads are not superelevated to
the degree that would be desired for such high center of gravity
vehicles, solutions are to lean the vehicle or to have the driver
sit on a very | ow seat. In the latter case, the vehicle would not
be very tall and may not be adequately visible when in traffic.
Vehi cl e access and egress may be awkward.

The commuter vehicle is inmagined as a high performance
vehicle, so aerodynamc drag is a consideration. To reduce
aerodynam ¢ drag, nodern conventional autonobiles have rounded
shapes, and conmuter vehicles would also have rounded shapes. To
determ ne drag, the coefficient of friction is multiplied by the
frontal area of the vehicle. The small frontal area of a commuter
car such as the lean machine plays a major role in drag reduction
and fuel efficiency gains.

2.2.2 Inplementing Road Modifications:

In California, there are prograns to relieve congestion by the
construction of HOV |anes at bottl enecks, and those m ght be used
by commuter vehicles, with side-by-side driving where appropriate.
If the nunmber of commuter vehicles warrants, a narrow | ane m ght be
constructed or a conventional lane striped for side-by-side
driving. On arterial streets as well as freeways, flyovers m ght
be construct ed. There are a large nunber of single options and

conbi nati ons of options (Figures 6 and 7).
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Figure 7: A Flyover at an Intersection i l[}[—

These are options for treating bottlenecks, places where there

IS recurring congestion. As a rul e-of -thunb, however, about one
half of the congestion in urban areas occurs at recurrent
bottl enecks, and the remainder is incident generated--by accidents,
di sabl ed vehicles, energency road repair, f1 oodi ng, etc

(I'ncidents may occur at recurrent bottlenecks, of course.) H ghway
agencies attenpt to reduce congestion caused by incidents by fast
response to accidents, providing information to drivers who may be
able to select alternative routes, etc. The ability of commuting
cars to maneuver through narrow Spaces mght be another way to

danpen incident-caused congestion.
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Returning to bottleneck situations, whatever the option or
conbi nation of options chosen to serve commuter vehicles, agency
costs are reduced conpared to the costs of constructing facilities
for conventional vehicles. That's partly because the narrow w dth
of the conventional vehicle reduces construction cost and foll ow on
mai nt enance costs by about one hal f: e.g., tw six foot |anes
provide twice (and a little nore) the capacity of a twelve foot
| ane. The light v"footprint® of a conmuter vehicle and its
maneuver abl e should offer additional cost savings through reduced
requi rements for bridge and pavenent strengths and the vehicle's
acceptance of sharp curves.

Parking: The "two will fit in the space for one conventiona
car" on a highway | ane observation holds for parking. Spaces in
exi sting parking structures could be restriped as denmand for
commut er car spaces increased (Figure 8). Al'so, there mght be
smal |, currently unusable spaces, that could be used for parking
Simlar restriping strategies could be used for curb parking.
Because of the ease of increasing parking capacity, managers of
parking facilities would be expected to nodify facilities quickly.

Hi ghway Modifications Cost FEffective and Rel atively Easy: How

easy would it be to adapt highways to increasing nunbers of
commuter vehicl es? The early highway experience says that
adaptation is practical. Turn of the century highways were
revanped for use by autonobiles and trucks at the beginning of the
automobile era. Those were innovative vehicles in the sense that

the concept is used here because they were sufficiently different
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from wagons and buggies to require nodification of road
I nfrastructure. Simlar to the situation today, the early roads
were good enough so that notorized vehicles could begin to be used

and their' markets explored.

T

Figure 8. A Parking Lot Wth
a Section Restriped
for Small Vehicles.
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Also simlar to today's situation, the network of turn of the
century highways was extensive for it served the settled areas.
The early problem wasn't so nmuch that of expanding the ml eage.
(Expanded mleage since the turn of the century has resulted from
expanded settlenent and, to a |esser extent, expanded capacity for
intercity travel.) Pneumatic tires and increased velocity raised
dust when displacing fine materials on road surfaces; they damaged
road surfaces. Dust and the destruction of road surfaces increased
the need for pavenents. The better roads of the tine were high in
the center to provide drainage. Low velocity buggi es and wagons
occupied the mddle of the road except when passing. Were traffic
permtted, they would nove to the inside of curves when curving,

e.g., nmoving to the left side of the road when making a left turn.
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There were many sharp curves. These and ot her geonetric and
structural features of early highways required new approaches to
road design and engi neeri ng when high velocity notorized travel
gr ew

In addition to adjusting road technology, there were
requirements for changes in fiscal and institutional arrangenents.
Prior to notorization, nost roads were local in every way: USES,
financing, control, design, etc. Longer distance travel and the
concentration of travel on routes called for a shift fromloca
responsibility and authority to mxed local, state, and federa
rol es.

Sone Concerns: The paragraphs above suggest that business as

usual woul d inplement road nodifications for the accomodation of
commuter cars. That's true, but there are sone points of concern.
For one thing, the procedures for sizing the capacity of today's
I mprovenents and determ ning what those inprovenents should be may
not apply very well. Today, the locations of bottlenecks are known
and there is a tool box of tested physical designs or policies from
which to select ways to ease congestion. Techniques are available
so that network flows may be bal anced, and this enables sizing the
capacities of proposed actions. Extending further, there is
experience WwWth preparing environnental I npact  statenents,
assigning project and program priorities, and determ ning
appropriate funding responsibilities.

Though certainly applicable, today's tools, procedures, and

experiences may not apply very well to the commuter car situations
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because of |ack of experience with appropriate highway inprovenents
(e.g., sinple flyovers), the possibility that inprovenents wl|
need to be nade as demand energes (today, inprovenents are nmade to
catch up with denmand), and the conplex ways that purchase and use
deci sions about conmuter vehicles mght affect network flows
(vehicle drivers mght select routes and vehicles for travel
differently from drivers of conventional cars).® Methods for cost
assignnent to commuter versus conventional vehicles and, perhaps,

anmong communities served would need to be devel oped.

2.3. California's Benefits and costs’

The magnitude of net benefits turns on narket penetration:
how many commuter cars are purchased and how they are used. The
timng of the stream of benefits turns on when vehicles m ght
appear on the market and the time it takes for the market to
saturate. Tine to market saturation varies w dely anmong products.
It took about 70 years for sales of autonpbiles in the U S to
stabilize at about 10 million per year: digital watches achieved
mar ket saturation in a much shorter period of time. |In the case of
the conmuter car, tinme to market saturation nmay be accelerated or
decel erated by the pace at which road inprovenents are nade to

accommbdate the vehicle. The market estimates to be di scussed that

8The devel opment of an approach to sequencing road
i mprovenents is discussed in Reference 2. The approach conbi nes
benefit-cost analysis as wused for transportation projects wth
precedent diagranms used in construction engineering.

This subsection draws largely on reference 5.
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road nodifications are nmade in tandem with vehicle market
penetration.

2.3. 1. Esti mati ng Market Size:

Esti mates of market size were made using three different
procedures. Method 1, a prelimnary market survey estinmate,
estimated the potential market using prelimnary survey informtion
about potential purchasers and relating that to travel and
dermographic information about California drivers. The vehicle was
assuned to appeal to residents who comute using cars or trucks.

It was assuned that because the vehicle appeals to educated
young famlies, the 25 to 44 year old popul ati on was the nost
l'ikely market segment. Surveys indicated that drivers ol der than
45 would not be attracted to the vehicle because of their
presumably higher income and |ower sensitivity to operating costs.
Younger drivers typically have only a single car available, and it
was assumed that the limted interior space of the commuter vehicle
woul d di scourage its purchase and use. Si xty seven percent of
California residents age 16 or ol der commute to work by car or
truck. This percentage was applied to the nunmber of 25 to 45 year
old drivers. This yielded a conservative estimte because the
percentage of commuters in that age range is probably higher that
it is for the 16 years or ol der age range.

Mar ket survey information from EPCOT where the vehicle is on
display indicates interest in the vehicle by about 55 percent of
the target population, and that percentage was taken to be the

maxi mum mar ket penetration. In order to bound mnimum penetration,
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20 percent was used as the m nimum penetration

The second nethod used (nethod 2, California sales estimate)
relied on sales data and information on the denobgraphic
characteristics of new car purchasers. Roughly, about a mllion
new cars are sold in California annually; 810,113 cars were
produced for sale in California in 1992. Data at the nationa
level on new car buyers indicate that about 43 percent of
purchasers were in the 25 to 44 years age group. To capture
econony mnded nmenbers of that age group, potential buyers were
assumed to be households with medium annual incomes of |ess that
$50, 000.

A high estimte was obtained by wusing the EPCOI survey
information, that is, about 55 percent of the buying group would
purchase the vehicle. A low estimte was obtained by again using
20 percent as the mnimum market penetration

The final nethod (nethod 3, market segnentation estimte) used
knowl edge of the autonobile nmarket and of the attributes of the
comuter vehicle that appeal to consumers: high fuel econony, |ow
initial cost, sporty handling and performance, and access to
preferential |anes and parking.

First, the 1992 sales of fuel efficient cars in California
were assessed--cars that obtain an average fuel econony greater
than 37.5 mles per gallon. The sales of these vehicles, the Geo
Metro, Suzuki Swift, Honda G vic, Daihatsu Charade, and Ford
Festiva, were about 4.2 percent of total sales during 1992 (in all,

21,360 vehicles). For this vehicle count and cal cul ation, 4-door
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versions of the vehicles were excluded. The assunption was that
purchasers of 4-door vehicles may not be interested in a comuter
vehicle wth its Ilimted carrying capacity. Wth a fuel
consunption of about 120 npg, the commuter car is very conpetitive
conpared to these vehicles, and it was assuned that 50 percent of
fuel econony m nded consumers would select the comruter vehicle if
it was on the narket. Fifteen percent was taken to be a
conservative, |low estinate.

The second consideration was initial |ow cost. The medi um
price of autonobiles sold in 1990 was $15,560, and 7 percent of the
cars purchased that year were priced bel ow $10,000. Assumi ng that
the commuter vehicle would sell for about $8,000, 16 autonobiles
were identified that sell in that price range. Several of these

were fuel efficient cars previously treated, and .o avoid double

counting, these were renoved from the Iist. To obtain a mninmm
estimate of sales, it was assuned that commuter vehicle would
capture about 10 percent of the low cost nmarket. I ncluding the

attractiveness of fuel econony as previously considered yielded a
hi gh estimate of 50 percent of the market for comuter vehicles.

From a performance point of view, the comuter car nmay be
conpetitive with sporty cars and notorcycl es. It was assuned that
the commuter vehicle could capture from 5 to 30 percent of the
not orcycl e market. Twenty four low and noderately priced sporty
vehicles were identified, and it was assumed that the commuter car
woul d capture from 1l to 10 percent of this market segnent.

The fourth attribute of interest to consunmers isS access to
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preferential |anes and parking. Purchase of a special vehicle to
t ake advantage of this attribute would depend on the vehicles
avai |l abl e to househol ds. O California households in 1990, 8.9
percent had no vehicles, 33.2 had one vehicle, and 57.9 percent had
two or nore vehicles. It was assuned that if a low |level of road
infrastructure inprovenents was nmade, only 1 percent of the
households with no or one vehicle would purchase commuter cars and
about 5 percent of households with two or nore vehicles would do
so. Assumng a higher level of road nodifications, these nunbers
were assunmed to clinmb to 5 and 25 percent.

In sumary, three nmethods were used to estimte the commuter
car market:

Method 1, a prelimnary market survey estimate.

Method 2, a California sales estinate.

Met hod 3, a market segmentation estimte

The technical approach wused in nmaking estimates can be
described as filtering. For instance, in the first nmethod the
first filter was the nunber of licensed drivers between 25 to 44
years of age, the second was the percentage of the popul ation that
commutes by car or truck, and the third was the percentage of the
driving popul ation that expressed interested in the vehicle.
Denogr aphi c, vehicle popul ati on and  sales, and genera
characteristics of drivers data were fromindustry and state and
federal governnment sources. The filtering process al so used survey
data. As nentioned, sone of the survey data were from EPCOT where
the Lean Machine is on display. | nformation was al so avail able

from (survey) clinics held with representative comuters. The
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researchers observed the clinics, but did not have available the
detail ed analysis produced fromthe clinics. For this reason, the
researchers used general inpressions that were consistent from
clinic to clinic.

The governnment and industry data used in the analysis nmay be
used to replicate the analysis using different purchaser decision
assunpti ons. In this sense, the approach could be reproduced by
ot her researchers who m ght augnment readily avail able data with new
i nformation.

3.3.2. The Size of the Market:

Table 3 presents a summary of the estinates obtained using the
three estimating methods. Method 1 gave the lower estimates. It
considered coll ege educated drivers in the 25 to 44 age group and
ignored potential buyers in other age groups. Met hod 2 included
all households with nedian inconmes less than $50,000 and gave
sonewhat higher estimates. Method 3 yielded the higher estinmates.
Unlike nmethods 1 and 2, it considered the effects of road
i nprovenments on purchases, nmulti-car households, and vehicle
attributes that are conpetitive against attributes of vehicles
al ready on the market.

The low estimate from nmethod 1 and the high estimate for
method 2 were used to estimate the benefits to be treated shortly.
Wth respect to market saturation, a linear growh of the market
was assuned for nethod 1, with tinme to saturation of 15 years. For
the high estimate from nethod 2, constant sales were estimted for

the first five years. It was assunmed that road infrastructure
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i mprovenents would begin to phase in at about that tinme and
accelerate sales. Beginning in the sixth year, it was assunmed that
40 percent of commuter car buyers woul d purchase it instead of an
alternative new car, and 60 percent would purchase it instead of a
used car or a nmotorcycle. Overall market growh was not
consi der ed. It was assuned that the total California vehicle

popul ation would renmain constant at about 17 mllion vehicles.

Table 3:  CALI FORNI A MARKET ESTI MATES FOR THE COWMUTER CAR

1 h 2 Met hod 3 Aver
Annual Sal es
Hi gh 74, 466 101, 544 144, 277 106, 762
Low 27,078 36, 925 28, 834 30, 946
Mean 50, 772 69, 236 86,556 68, 854
Vehi cl e Popul ation at Market Saturation
Hi gh 893,592 1,218,528 1,731,324 1,281,148
Low 324,936 443, 100 346, 008 371, 348
Mean 609, 264 830, 814 1,038,666 826, 248

Figure 9 shows the projections of the cunulative conmuter car
popul ation. As stated, the projection methods used assune a stable
car population in California, and also assume that new car sale are
stable and that commuter cars conpete with new cars. For these
reasons, there would be a reduction in conventional new car sales
as commuter cars phase into the fleet of cars. Once the comuter
car market is saturated, new car sales would rebound because
commut er car sales would take on a replacenent rather than market

growt h character
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Figure 9: Estimated Commuter Car Popul ation
2.3.3. Benefits:
Using the market size estimates just discussed, benefits in
three categories were estimated.

Energy Use: About 13 billion gallons of petroleumfuels were

used for transportation in California in 1991, and if adopted and
used, the commuter car would reduce consunption.” To calcul ate
the reduction in consunption, the comuter car is assuned to
achi eve 120 npg al though fuel efficiency of about 150 npg m ght be
achieved. The commuter car would be conpeting against a fleet that
Is increasing in fuel efficiency, so CARB estinmates of fleet fuel
efficiency for years 1993, 2000, 2005, and 2010 were used when
cal cul ating fuel savings. (Table 4) That is, baseline estimtes
were made using CARB projections and savings fromthe use of

commuter vehicles were calculated from the baseline.

1t is assuned that the commuter car would use gasoline. It
could be designed to use alternative fuels such as nethanol
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Table 4: CALIFORNIA AR RESOURCES BOARD PRQIECTI ONS
OF FLEET AVERAGE FUEL ECONOW

Cal endar Year After Econony
Year Commuter Car I ntroduced (mpqg)
1993 1 23.73
2000 8 26. 86
2005 13 28. 48
2010 18 29.19

Figure 10 projects fuelconsumption in California for the
basel i ne case and for the high and | ow market penetration estimtes
for the comruter car. Figure 11 indicates the cumulative savings
In expenditures for gasoline, assumng a stable gasoline price of
$1.35 per gallon. For the calculations shown in Figures 10 and 11
annual vehicle mleage is assuned to be 10,000 mles. Cunul ative
savings range from $4.1 billion for the high narket penetration

estimate and $1.4 billion for the |ow estinate.

25,000,000+

20,000,000+

15,000,000+

10,000,000-

Gasollne, Gal/Day

5,000,000+

04

1 2 3 5 10 15

Year after Introduction
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Figure 10: Conparison of Annual Fuel Consunption
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Figure 11: Cunulative Savings in Expenditures for Fue

Emi ssions Reductions: During the period in which the conmmuter

car mght be introduced, pollutant em ssions fromnew vehicles wll
continue to be reduced sharply because of the phase-in of new
California em ssions standards. This drives the baseline case for
calculating em ssions reductions from the introduction of commuter
vehi cl es. The reductions called for and represented in the
basel i ne case are so great that the conmuter vehicle wll have
little effect on emssions, in spite of its having potential as a
| ow- em ssions vehicle.
The State has recognized classes of vehicles:
Transitional |ow em ssion vehicles
Low em ssion vehicles
U tra-1 ow em ssion vehicles
Zer o-em ssion vehicles
and manufacturers have flexibility in producing mxes of vehicles
as long as their sales mxes neet fleet average standards.
The small engine of the comuter car together wth advanced
fuel control and exhaust after treatnment would likely enable its

classification as an ultra-low em ssions vehicle. Again, producers

have sone flexibility in the product mx as long as their fleets
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meet  standards. So, roughly, a manufacturer could sell a
transitional |owemssion vehicle for each comuter car sold.
Because of this trade-off and for other reasons, market penetration
by commuter cars would have little inpact on future emssions. |f
a manufacturer didn't market conmuter cars, it would have to market
other |ow em ssion vehicles to nmeet standards

Two points should be mentioned. 1In areas of the nation where
standards are less strict than in California, conmmuter cars m ght
make nore of a contribution to em ssions reductions. The conmmuter
car mght be an effective alternative for achieving | ower em ssions
from conventional vehicles, and this mght notivate manufacturers

to produce and market commuter vehicles.

Decreases in Congestion: California's larger cities are
congested, and the benefit question is the extent to which
I ncreased numbers of comuter vehicles in the traffic stream m ght
reduce congestion. As has been discussed, comuter vehicles night
reduce congestion: 1. mldly because its smll size and
maneuverability would enable it to thread through traffic where
velocity is low, 2. nore significantly if lanes are restriped
enabling gaining a lane as one lane is converted to two |anes, and
3. also nore significantly if special |anes, flyovers, and other
facilities are constructed.

The Los Angeles and San Francisco Bay Areas were used as case
studies to examne the ability of the conmuter car to inprove
traffic flow Although there is debate about the ways congestion

s measured, by any neasure, these are truly congested netropolitan
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areas. The Federal H ghway Adm nistration regards areas that have
13,000 and above daily vehicle mles of travel (DVMI) per freeway
| ane as congested. The Los Angeles area |eads the nation by this
measure with 17,946 DVMI, followed by the Bay Area's 16,285 DVMI

I n descending order, other cities with above 13,000 DVMI are
Houston, Atlanta, Phoenix, Seattle-Everett, and Dallas (11). About
8.1 and 3.7 mllion vehicles, respectively, are registered in the
Los Angel es and the Bay Areas.

About 67 percent of California residents commuted to work by
car or truck in 1990, as already stated, and about 30 percent of
comute trips occur during the peak morning commute hour. Assumi ng
that 60 percent of the population of comuter cars would be used
during the peak comute hour, with a split in the Los Angel es and
Bay Areas corresponding to the split in the vehicle popul ations,
the fractions of commuter cars in the traffic stream were then
calculated (Table 5).

Table 5: FRACTION OF COWUTER CARS BY SELECTED YEARS
OF MARKET PENETRATI ON

Year After Fraction
| nt roduction Los Angel es Bay Area

H gh Estinmate

5 . 024 . 028

10 . 096 C112

15 . 232 . 270
Low Estinmate

5 . 020 . 023

10 . 036 . 041

15 . 049 . 051

The Bay Area could have a fraction of commuter cars of .27 by
year 15 with a corresponding increase of vehicle throughput during

congested periods of up to 34 per cent. The . 23 fraction in Los
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Angel es suggests about a 29 percent increase in throughput. These
I ncreases assune that needed adjustnents in road infrastructure are
made and that the average operating speed is 30 nph.

These are aggregated calculations. It is reasonable to assune
that road inprovenents will be made at the nore congested places

and that there would be marked inprovenments at such places.

2.4. Perspectives on Benefits

As stated in the introduction to this section, one question is
t hat of whether benefits would accrue to decision nmakers in ways
that woul d energize the adoption and use of commuter cars. The
answer to that question seens to be yes. The availability of
comut er vehicles woul d enabl e households to inprove their mobility
whil e reducing costs. H ghway agencies would reduce their costs
when providing capacity increases. Overall, there would be savings
in energy consunption and reductions in congestion, The em ssion
of pollutants would not be increased, and commuter vehicle m ght
play a role as an ultra-lowemssions vehicle. If it were to prove
to be an attractive purchase and use option, it mght accelerate
the entrance of ultra-lowem ssions vehicles into the vehicle
fleet.

Suppliers of vehicles received only brief nention. The
assunption that if there is a market, vehicles will be produced is
overly sinple. The costs of designing a manufacturable vehicle and
creating production facilities are great. Achieving econonies in

managenent, production, and marketing requires a sizable annual
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market. A novel vehicle may expose producers to liability risks.
These and ot her considerations were nentioned previously, and the
i ssue of vehicle production will renmentioned in a latter section
where there will be comments on activities needed to further
expl ore conmmuter vehicle possibilities.

In addition to the incidence of benefits, there is the
question of preciseness: How accurate do benefit neasurenments need
to be? The nmeasurenents of benefits obtained so far range from
first approximations (e.g., energy savings) to fairly precise
(e.g., increases in capacity as the nunber of commuter cars in a
traffic stream increases"). They seem adequate enough to support
the conclusion that the innovative vehicle concept is viable from
a benefit point of view The first approximation neasures could be
refined. For exanple, neasurenents of inmpacts on congestion in
case study areas could be refined by exam ning routes one by one
and considering demand elasticity and shifts in travel routes as
capacity is increased.

The benefits that mght flow fromthe adoption and use of
comuter cars ought to be set in the contexts of other actions
seeking benefits and of the sizes of problems. That's in part to
aid in establishing priorities for public prograns. For instance,
1990 federal (Cean Air Act) and California State (California

Congestion Managenent Act) initiatives seek to increase vehicle

"Although not mentioned in the discussion of increased
capacity, estimtes were nmade of annual savings if capacity is
i ncreased and of costs of road nodifications. These are available
in Reference 2.
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occupancy for the journey to work, while a comuter car initiative
woul d |ikely decrease occupancy. \Wat's the choice? Al so, sone
problens are vast, and while comruter cars mght |essen problens,
they may be far fromwhat is fully needed for problem nanagenent.
Energy conservation is an exanple. Autonobiles accounted for 39
percent of U S transportation energy use in 1990; about 110
billion gallons of gasoline were consunmed during that year. The
anount consunption m ght be reduced by the use of commuter cars in
the Los Angel es and San Francisco Bay Areas is small conpared to
total consunption in California and in the nation

Finally, a very general consideration. In the first section
of this report, it was stated that commuter and nei ghborhood cars
could be thought of as novelties--products whose introduction
requires system adjustnents. From that perspective, the questions
can be asked: 1. Wuld the introduction of a variety of novelties
and associ ated system adjustnents nake major contributions to
I ncreasing nobility andmanagi ng safety, congestior. environnental,
and energy problenms? 2. Mght there be supporting, interactive
relations anong novelties? 3. Wuld the introduction of novelties
provi de pathways for reenergizing inprovements in highway system
services and inproved productivity of system users?

The discussion of the neighborhood car in the follow ng
section may be suggestive of answers to those questions, and the

questions will comented on near the end of this report.
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3. SMALL VEHI CLES | N NEIGHBORHOODS'
In addition to exam ning conmuter vehicles, a study was nmade
of vehicles for nei ghborhood range travel. The discussion to
follow will overview the nei ghborhood vehicle opportunity touching

on vehicle uses, costs, and road facilities topics.

3.1. Vehicles and Roads

Road and vehicle requirenments for short range travel in
residential areas are not very denmanding. Low speed |ocal trave
i's not demanding of acceleration capability, so a vehicle could be
powered for a top speed of 20-30 miles per hour. For short
di stance travel, an inexpensive, wthin the state-of-the-art
electric vehicle mght serve well. Using a golf cart conparison
such a vehicle mght be one fourth to one third the average cost of
conventional vehicles.

A nei ghborhood car m ght have, say, a four foot tread width
and seat four persons or two persons when carrying groceries or
ot her items. Sinple to operate and inexpensive to own, it mght be
used by persons not now operating conventional cars. for instance,
el derly persons, perhaps using |limted operators' |icenses. For
some househol ds, the nei ghborhood car m ght augnment the vehicles
already available and reduce the difficulties of scheduling trips
or requirenments for chaffering. This image of the vehicle and its
use is speculative, of course. It flows fromvehicle occupancy and

trip length data such as that shown previously in Figure 4.

2rhis section is based on Reference 4.
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Many nei ghbor hoods were designed with generous street w dths,
and in these cases |anes mght be marked for travel by small cars.
The ease of such nodifications is site specific, of course. \here
building lots are small and/or there are many nmultifamly
dwel l'ings, much street space nmay already be clained for parking and
curb cuts for access to garages or other off-street vehicle
st orage. In cases, the transition to increased nunbers of
nei ghbor hood vehicles m ght displace some conventional vehicles and
ease parking problens. The parking situation mght worsen in other
situations.

Desi gns for new nei ghborhoods m ght incorporate paths for
smal | vehi cl es.

When | ocal travel requires using arterial streets or crossing
such streets, as mght be the case when shopping, school, or |oca
recreational trips are nade, then there may be needs for specia
modi fications of roads.

| f the neighborhood vehicle is an electric vehicle, then
battery charging facilities must be considered. Not very power
demandi ng, the nei ghborhood vehicle could be recharged using an
existing outlet in a garage, but with the increase in the nunber of
vehicles in households, garage space is at a prem um for many
househol ds. Curb-side outlets would require facility construction
and reserving spaces at curbs. Chargi ng opportunities when away

from the home base may need to be considered.
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3.2 What Do Golf Carts Say?

As stated, the neighborhood vehicle is inmagined as a small,
I nexpensi ve and | ow power vehicle, possibly electric, that would
seat up to four persons, perhaps five in a pinch. In one version,
a4 by 6 to 8 foot platform containing energy storage, propulsion,
and steering mechanicals mght be marketed, with dealers nounting
seats, enclosures, and other itens depending on customers' desires.
Smal | wheels woul d be used to keep the center of gravity low and to
pernmit easy entrance to and exit fromthe vehicle. The 4 foot
wi dth would permt side-by-side seating. (Tourist seating on
airlines is about 20 inches in wdth including shared armrests;
first class, 27 inches.) Aerodynam c features would not be
I mportant because speeds woul d be |ow.

Wiile the golf cart indicates that such a sinple, |ow power
vehicl e can be manufactured and distributed at a low price relative
to a conventional vehicle, the termgolf cart was not used when the
research began because it suggested a very restricted travel
function, as well as a particular life style. But as work
progressed, the golf cart was increasingly given attention because
of its presence in a nunber of communities and the possibility of
Its nmultiple uses.

A survey of golf cart uses in 52 golf cart owning househol ds
in Canyon Lake, CA, a golf oriented community, found that golfing
was the primary use of the vehicle. Put another way, only 12
percent of the househol ds nade primary use of a golf cart for trips

such -as shopping and joy rides. Only one of those respondents
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indicated golfing was not a secondary use. Survey results indicate
that after being available for some years golf carts occupy a
mar ket niche defined by special environnents. This seens also the
case for small vehicles used to shuttle tourists at resorts and
smal | utility vehicles used at construction sites, on sone farns,
in parks, and in other sequestered spaces.

This limted survey and observations about vehicle uses

suggest enphasis on market niches for neighborhood vehicles.

3.3. Nei ghbor hoods as Market N ches

M ght be nei ghborhood environnents other than golf-oriented
environments in which neighborhood cars would be useful? If not,
how m ght they be created? Should they be created?

Wth respect to new residential areas, there is discussion
today of transit oriented and/or "pedestrian pocket" designs. This
i nvol ves providing sequestered spaces for wal king and conveniently
| ocated trip ends. Clusters of retail space, offices, and housing
oriented to transit facilities are imagined, with each cluster not
requiring nore than about one quarter of a mle of walking between
houses and service, office, or transit facilities. Essential |y,
the spatial arrangenents of functions are tied to the
transportation services to be used. Al so, the neighborhood is to
be self-contained to a considerable extent. Trip ends (stores,
transit stations, etc.) are to be arranged to reduce out-of-the-
comunity travel

Thi s arrange-the-1and-uses design strategy <«ould consider
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nei ghborhood cars and wal king as the basic nodes of travel of
wi t hi n nei ghbor hoods. (Because the nei ghborhood car mght serve
those trips that are "too close to drive and too fxr to walk," it
can be thought of as an aid-to-wal king vehicle.) Neighborhood cars
woul d increase the range over which community travel nmay be nade
fromthe home base and thus increase the variety of services and
anenities easily available.

Wth respect to existing neighborhoods, there is increased
attention to "taming" traffic in order to inprove nei ghborhood
quality, and the pedestrian pocket designs have that objective.
Sone of today's discussions of the redesign of existing
nei ghborhoods are oriented to the "woonerven" (residential yard)
concept pioneered in Holland. Essentially, this involves redesign
of streets to control through traffic and to provi de comon yard-
i ke spaces carved from existing streets. Vehicl e access is
limted, and vehicles are parked in spaces consistent with street
furniture, such as benches and plantings. Streets are thought of

as spaces for living rather than spaces for autonobiles.

3.4. Exi sting Nei ghborhoods
Exi sting nei ghborhoods were built and designed yesterday, and
their designs reflect then-current ideas about desirable urban
forms. They also reflect yesterday's standards and customs for the
sizing and lay-out of lots and streets, as well as household sizes,
econom ¢ conditions, etc. Because existing nei ghborhoods are

mostly built-out, change in the physical inventory of |and uses and



54 Nei ghbor hood Cars
structures is slow. This condition may seemto constrain options
for the retrofit of residential and conmercial |ots. However
the reduced street space required for nei ghborhood vehicl es opens
options for changing the uses of existing lots.

Figures 12 and 13 use the case of Eneryville, CA to
illustrate how streets mght be nodified and how | and uses m ght
change. One design indicates how a najor arterial mght be
treated. The ot her enphasizes increased sizes of structures.
Al t hough just what creates an inproved nei ghborhood environment has
many aspects, these designs are consistent wth the tame-the-
aut onobil e and inproved street space trends and the trend toward
increased square footage and amenities of housing. For the latter
the reasoning is that reductions in street spaces mght allow
expansi on of the size of houses or creation of nultiple units by
honme owners.'

Eneryville is an exanple of a neighborhood devel oped at the
turn of the century and before. Many nei ghborhoods are newer, and
because of the trends toward | ower population densities and
increased street spaces, they may offer a greater diversity of
design options. In the relatively new community of Pal m Desert,
CA, for exanple, golf carts are accomodated on **comnbi ned use" | ocal
streets where speeds are limted to 25 nph or Iess. Lanes have

been striped to reserve spaces for golf carts.

"Designs were al so devel oped that increase popul ation density.
The idea is to decrease the demand for urban |land and resulting
urban spraw .



Figure 12: Separate Lanes for Small Cars Proposed
for Arterial Streets in Eneryville, CA
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Increasing the Sizes of Residential Structures
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3.5.  New Communities

New community designs provide nore options. Onhe is to
restrict movements of conventional vehicles by providing peripheral
parking for conventional vehicles and designing access routes to
residencies for small vehicles. Those access routes need to be
w de enough for occasional access by conventional vehicles; they
m ght be, say, 10 feet in wdth. Swan Lake, CA, has adopted this
design scheme for trailer housing on small plots (Figure 14).
Qther options mght provide for dual purpose roads. Some ot her
schenes are shown on Figures 15 and 16.
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Figure 14. A Portion of the Swan Lake, CA Mobile Home Park.
Large Cars Are Parked at Edges of the Devel opnent.

Peachtree City, GA, has adopted another design scheme.™

Pat hs for wal kers, bicycles, joggers, and golf carts are shown on

Y%we did not becone aware of devel opnents in Peachtree Gty
until after the work reported in Reference 4 was conpleted. The
information presented here is from the Atlanta Journal Constitution
(February 14, 1987 and August 5, 1988) and from naterial s obtained
fromthe Peachtree Gty Devel oprment Corporation (Jerry Peterson)
and the Gty Engineer e/Barry G Ans).
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Figure 15: Houses in Custers. Conventional Size Vehicles

May Penetrate the Area Wien Necessary.
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the fragment of the Peachtree City road map (Figure 17). In this
i

They
collect traffic fromlocal access roads and reach throughout the

case, the paths serve as supplenental access facilities

comunity to i .
y shopping,  school,  religious, and recreation
facilities.  Shopping centers advertise, "Just a short golf cart

drive away."
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Figure 170 A Portion of the Map of Peachtree Cty, GA
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On Figure 17, cart paths are indicated by thin lines and are
not nanmed. In many cases, they provide "short cuts" when conpared
to travel on the conventional street system In all, there are 60
mles of paths in the conmmunity, which covers about 15,000 acres,
and paths are being extended as the comunity grows. Serving two
way traffic, pavenents are 8 feet wide. Under cr ossi ngs or
overcrossings are provided at major streets.

Chartered in 1959, growth began in the middle 1960s and
popul ati on has reached about 23,000 persons and about 7,500
househol ds. Single famly dwellings dom nate. Only about 10
percent of the dwellings are condom niuns or apartnents, although
they are being added at an increasing rate.

About one half of the households own golf carts, and about one
hal f of these are reported to be used exclusively for nongolf
pur poses. A driver's license is required for operation on city
streets. No |icense is required for operation on cart roads,
although the Gty requires that drivers be at |east 12 years of age
or be acconpanied by a |icensed driver.

The City Engineer of Peachtree City has proposed nodifications
to the cart path system The proposal identifies trails for

pedestri ans, connectors to connect residential streets and

comrerci al /institutional facilities to the path system and

collectors feeding arterials. Proposed widths are, respectively,

6, 8, 10, and 12 feet. Trail use is to be restricted to

pedestrians, otherwise, there is to be nixed use.
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3.6. Sone Questions

Uses of the golf cart and simlar size vehicles indicate a
mar ket ni che for nei ghborhood cars. One question is that of the
size of the market niche. |s what is observed a fleshed out market
oriented largely to special situations or are we seeing first
evi dence of a new transportation service? To what extent is
nei ghborhood accessibility a driving force for the spread of
nei ghborhood car services? What's the role of inprovenents in the
qual ity of neighborhoods?

These questions have been touched on in the previous
di scussion, but they remain unanswered. Rat her straightforward,
continued observation and inquiry will further illumnate them
They are, in a sense, "wait and see what happens" juestions.

There are sone | ess sweepi ng questions that have |less of a
"wait and see" character. They turn on the presunption that has
notivated this inquiry--the presunption that the availability of
nei ghbor hood vehicle service would inprove nmobility, nei ghborhood
quality, etc. The test of that presunption is what the market
says: what individuals and househol ds do when the nei ghborhood
vehicle option is available. There are inportant questions that
bear on the availability of the option in markets.

There are questions about vehicles and vehicle operations,
al though at this time these seemnot to be pressing. Vehicles are
of sinmple construction and production. Manufacturers are known to
be exploring designs and markets, and there is public policy

interest in nmarket prospects (see, e.g., 12). At this tinme,
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vehicles are regarded as off road (golf carts) or notorcycles,”
and operate under rules for such vehicles. [If the population and
use of such vehicles increases, however, regulatory questions nay
be asked and answered in ways affect vehicle cost, availability,
and operati ons.

There are questions about facility designs and financing.
Experi ence has begun to answer some of these questions, as the
Peachtree City exanple illustrates. But there are other questions,
such as whether mxed traffic should be permtted on paths. For
I nst ance, bicycle paths are already available in sone
nei ghborhoods, and they mght provide initial facilities for
nei ghborhood cars. Yet the California Department of Transportation
H ghway Design Manual states that "dual use by pedestrians and
bicycles is wundesirable" and that "all notor vehicles are
prohi bited," although local agencies may pernit the use of paths by
"mopeds" (13, Topic 1003).

Answers to these and other questions that bear on the
availability of vehicles in markets are inportant, because, unless
satisfactory answers are found, they nay thwart the availability of

nei ghbor hood vehicles in narkets.

~ Pror instance, the Mini-el City, a three wheel electric
vehi cl e manufactured by citycom A/'S in Denmark.
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4. STATUS OF THE | NVESTI GATI ONS
The information presented so far sought to achieve
clarification objectives: Wat are the opportunities? The short
di scussion to follow has stocktaking objectives: Wat do we know?
What needs to be done? The nei ghborhood car will be treated first,

followng on the section just conpleted.

4.1. The Nei ghborhood Car Concept

The first round of analysis conpleted for the nei ghborhood car
involved only a short review of the present situation. (The term
"round Of analysis™ refers to the scheme shown in Figure 3.) It
was already known that there are several manufacturers of |ow
performance, relatively inexpensive small vehicles, of which the
golf cart is an exanple. On the market side, there are already
niche markets for golf carts and other small | ow perfornmance
vehicles, and information was obtained by interview ng users and
community | eaders in these markets. Wth respect to road
facilities, the main mssing information bearing on the concept had
to do with appropriate road designs.

As the analysis noved to round 2, enphasis was given to
appropriate road designs and to market niches other than those
found in golfing comunities. Studies were made of road width and
curvature requirenents and how nei ghborhood car facilities mght be

created by using existing streets. To consider varied market

- 'and a review was made of existing local street design
guidelines (4). Reference 14 provides a nore extensive review
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ni ches, design approaches were used to suggest how road facilities
m ght be provided in old and new conmuniti es. Nei ghbor hood
I nprovenent (spillover) benefits were also hypothesized, benefits
realized as enhanced nei ghborhood designs.

As was nentioned in section 3 above, the case of Peachtree
Cty was found late in the analysis process. The case supports the
notion that market niches mght be increased if road facilities
were nade available. There is an interesting fragnment of
information fromthat case bearing on nei ghborhood anmenities. Golf
carts may be electric or gasoline powered. Recent Cty action has
ceased |licensing of gasoline powered carts because of conplaints
about noise and exhaust funes.

The process just described Ileads to the followng
observati ons:

There are already small market niches for golf carts and
smal|l utility vehicles.

The provision of pathways for general neighborhood access
increases the use of vehicles. The necessity of crossing
arterial roads can be managed using under- or overpasses
or intersection traffic management.

New communities may incorporate pathways in their
desi gns. Exi sting communities present a nore difficult
desi gn probl em Anal ysi s suggests that redesign to
i ncl ude paths for nei ghborhood vehicles is feasible.

There is need for continued work on road facility
desi gns. No standards are available to aid facility
devel opnent .

The retrofit of road facilities in existing neighborhoods
remains a topic for analysis.

Maxi mum mar ket penetration observed so far is about one
out of two househol ds. “Full exploration of the
opportunity wll require studies of a variety of cases.
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Benefit questions need to be franed and explored. To an
extent, the nei ghborhood vehicle is a conplenent to
househol ds' existing travel means. It also serves as a
substitute for existing vehicles. Travel information
needs to be obtained In order to exam ne compliment-
substitute questions.

Used for short trips, neighborhood cars mght play an
important role in air pollution reduction. Again, travel
i nformation beyond that already available is needed to
examne this possibility. There mght be an inportant
public polic% opportunity: recogni ze traction battery
power ed nei ghborhood cars as zero-em ssion vehicles.

In summary, the nei ghborhood car operating at |east partly on
special road facilities appears to offer opportunities. Issues of

mar ket size, the nature of needed facilities, and benefits remnin

unexpl or ed.
4.2. The Commuter Car Concept
There have been many snall, high perfornmance car proposals,
and proposals continue to emerge.' At the 1993 Geneva

| nternational Auto Show, for exanple, BMN presented a prototype
(BMWNV z13) neasuring about 7 feet in length and 5 feet in w dth.
Seating a driver and tw passengers staggered on each side of and
partly behind the driver, the vehicle was reported to be designed
to save noney, reduce energy use, and reduce congestion. From
tine-to-tine, such small vehicles have been described as city,
depression, or mni cars. Some have found narkets, especially
outside of the United States.

These efforts were known when the comuter car analysis began

"proposals are reviewed in References 2 and 6. Reference 4
contains a discussion suggesting why previous proposals have had
limted viability.
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and round 1 of the analysis sought to position the comuter vehicle
relative to these experiences. (Again, rounds of analysis are
shown on Figure 3 in the introductory section of this report.) It
was judged that the proposals and experiences just discussed m ght
not apply to the Lean Machine. Previous proposals were for small
conventional cars, and while unsuccessful small cars offered
econonmi es in conparison to conventional cars, the small cars did
not fare well on dinmensions of ride quality, interior space, val ue
of fuel efficiency, crash worthiness, etc. That's what the market
seemed to be saying. The trend toward |arger cars in Europe, in
spite of relatively expensive fuel, seems to be supporting this
concl usi on.

It was felt that the Lean Machi ne m ght have a different
market response because it is sufficiently different from
conventional cars to be judged on a different set of dinensions.
An obvious dinmension is ride quality. Reference is not to
snoot hness and noi se and vi bration control when passing over
surfaces of varied quality. Rather, reference is to the Lean
Machine's ability to lean, and thus provide confortable cornering
and, and because cornering is confortable and because of the short
wheel base of the vehicle, high maneuverability.

As stressed, it was felt that the availability of appropriate
road facilities was inportant.

Wth respect to markets, it was clear that the Lean Machine
woul d not be a substitute for the general purpose conventi onal

aut onobi | e. It would be a special purpose vehicle that augnents
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househol d fleets or agency fleets. To explore this notion and
comunity attitudes about the accomopdation of small vehicles on
facilities, local public works nanagers, politicians, and traffic
engi neers were interviewed. One conclusion was that information on
possi ble facility nodifications was needed. This notivated the
work on striping of |anes and ot her highway nodifications to
accommodat e the commuter vehicle.

Not mentioned in section 2 was work on "how to design" in
order to augnment the "what t0 design" questi on. | ndeed, how to
design was given a higher priority than what to design. That was
partly because answers to the "what"™ questi on woul d depend on how
the systemis used and the experiences of users and highway traffic
and facility managers. For exanple, while it has been assuned that
a 6 foot wide | ane woul d accommodate a three foot wide vehicle at
| ow and noderate speeds, that assunption rmust be verified by
experiences. Al'so, selection anong facility inprovenents, say,
flyovers versus special turning lanes at intersections, would
depend on experience and site specific problens.

Today's "how t0 design knowledge" evol ved over the decades as
the highway system evolved. There was |arge scale experience as
the interstate was designed and constructed, and the result is well
devel oped capability to treat topics such as the capacity of
proposed najor freeway |inks. Desi gn procedures ror fine detai
capacity or safety inprovenments exist and are becom ng increasingly
inportant as attention goes to increnmental inprovenents in the

existing system The design nethods investigations undertaken for
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t he comuter vehicle sought to inprove existing procedures and to
deal with a gradual cost effective transition from today's
situation to what would be needed if conmuter vehicles were
I ncreasingly used.

Once this prelimnary work was conpl eted, work advanced to
what may be thought of as round 2 of the investigations. On the
suppl y-si de, planners and local road agency nanagers were
recontacted, this tinme with questions focused on inplementation.
Reactions stressedmainlythetinme-consum ng, infornation-denandi ng
character of the transportation planning process.® On the demand-
side, interviews were held with potential purchasers and users.
Also during this round of work, investigations of congestion,
energy saving, and pollution managenent benefits were undertaken

Based on these experiences, the situation with respect to the
commuter vehicle summarizes in this way:

Wiile it had been thought that nodifications of roads to

accommodat e commuter vehicles mght be required before

the deployment of vehicles begins, this does not seemto

be the case. |t appears that incremental cost effective

road nodifications may be made as the nunber of commuter

vehi cl es increases.

However, the long lead times for projects and the

conplexity of the planning and progranmng process are of

concern.

Design, funding, and other protocols bearing on the

hi ghway system have evolved over a long period of tineg,

they represent a consensus. For instance, responding to

requests, t he | nt er nodal Sur f ace Transportation

Enhancenment Act of 1991 set aside federal funds for

"transportati on enhancement" projects--small projects

that are "over and above" existing projects. Criteria
for allocation have been established, and noney is

"8Reference 3 discusses this work.
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But

requirenents wll

"spoken for," in a sense. A new initiative, such as the
comruter car Initiative, may face turf battles.

As discussed, vehicle wdth and performance attributes
are critical. These attributes appear necessary to
achieve efficient nodi fications of the hi ghway
infrastructure and to achieve reduced congestion

Because of small size and high perfornmance attributes,
commut er vehicles require innovative designs. A maj or
barrier to the appearance of vehicles in nmarkets is the
risk that must be taken by vehicle manufacturers if they
attenpt to produce and market such designs.

The risk exists in part because markets can only be
crudely estimated, and estimtes can only be honed once
the product is on the market.

However, it should pointed out that the California narket
estimates are suggestive of a sizable narket. The | ow
estimtes range around 30,000 vehicles per year, which
suggests a national nmarket of about 300,000 vehicle per
year

Experience with vehicles and their uses is also required
bef ore necessary or desired road nodifications can be
precisely identified. For this reason, it would be
useful to procure a selection of vehicles and observe
| ane keepi ng, parking, curving, and other cspects of
vehicle use that bear on road designs.

To aid in managing risk, a government role may be
desirable. If comuter cars are successful, the benefits
may be |large and wi dely dispersed, yet risk taking
manufacturers may suffer a period of negative returns
whi | e product designs are refined and there is |earning
by users and road ftacility providers.

At this tine, it appears desirable to fashion a coalition
of private sector and governnent actors and introduce
vehicles to markets. Well designed denonstrations shoul d
devel op information on demand and benefits, as well as on
desired/required road nodifications.

69

In short, commuter car investigations pronise opportunities.

ri cher understandings of opportunities and inplenentation

require experience with vehicles and their uses.
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5.  SAFETY; SWEEPI NG CHANGES | N ROAD | NFRASTRUCTURE

From a technical point of view, how safe would small vehicles

be? Regardless of the answer to the technical question, would
consunmers perceive them as safe? How might consuners' perceptions
of safety affect their purchase and use decisions? \Wuld the
provi sion of special road facilities change the safety equation?
Consuners perceptions of safety have not been investigated. (nly

partial answers to the other questions are available.

5.1. NHTSA's FWSS

If safe neans nmeeting National Highway Traffic Safety
Admi nistration's (NHTSA) Federal Mdtor Vehicle Safety Standards
(FWSS), then the comuter car could be a safe vehicle, and neeting
NHTSA standards is the intent for the Lean Machi ne. It could be
framed with roll cage construction, there is crush space available
in the front of the vehicle, and required lights, mrrors, overturn
fuel shut off devices, seat belts, air bags, etc., supplied.' The
nei ghborhood car, as it has been inmagi ned, woul d not nmeet NHTSA's
FWSS for conventional vehicles. |t would be technically possible
to neet those standards, but at a cost that mght reduce the
attractiveness of the vehicle to consuners. (Perhaps at sone tine

in the future inexpensive, |ightweight alumnum and polymer-

Ycommuter cars could be treated as notorcycles and subject to
| ess stringent regulations that passenger cars. The Wagner W18
K5, manufactured in Swtzerland, has a mptorcycle character--two
wheels with two outrider wheels that [ower  at |ow velocity.
Seating two persons in tandem it is 145 inches long and is powered
by a 1,000 cc BMW notorcycl e engine.
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intensive materials mght change this situation.)

The failure of the neighborhood vehicle to nmeet NHTSA
standards is not a "show stopper,"” at |east so far as market
introduction is concerned. The four wheel golf cart is regarded as
a recreational vehicle and escapes federal attention, although
state regulations require that golf carts be registered and have
lights and rear view mrrors if they are operated on mxed traffic
cCity streets. For the time being and while experience is gained,
t he nei ghborhood vehicle could be regarded as a golf cart-1like
vehi cl e. Anot her possibility, which also holds for the Lean
Machine, 1is to produce a 3 wheel vehicle and consider it a
mot orcycl e and subject to the less restrictive standards applied to
mot or cycl es. (There is requirement for wearing a helnet, which
consuners may find onerous.) NHTSA is devel oping standards for
el ectric vehicles, and special standards for neighborhood vehicles
coul d be established as part of that process. Another option would
be for NHTSA to | eave setting standards for nei ghborhood car-1Iike
vehicles to the states nore or less as the situation is now.  This
woul d recogni ze variations anmpong the states in possible market
niches, road environments, and vehicle designs.

NHTSA's FMVSS are nmainly set to protect vehicle occupants in
the so-called second collision: the collision of occupants with
steering wheels, dashboards, intruding materials, etc. The
standards apply to all conventional cars. They ask for a mni num
| evel of crash worthiness performance when a vehicle is subjected

to collision forces. But even though a snmall, l|ight weight vehicle
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may neet mninmum |levels of performance, 1ight weight vehicles are
di sadvantaged in collisions with heavier vehicles. This is
el enentary physics: the nonmentum of heavier vehicles dom nate that
of nmuch lighter weight vehicles.

Short length and narrow tread vehicles nmay not perform well
when running off the paved road onto shoul ders and through ditches.
Break-away signs, light stands, and other structures designed for
heavi er vehicles may not be forgiving of |ight weight vehicles.
(The weight of autonobiles is tending downward, and there has been
attention to these topics (see, e.g., References 15, 16).

Visibility of small cars is also of concern. The experience
with nmotorcycles indicates that snmall vehicle are often not seen by
drivers of other vehicles. There is also the matter of distance
judgement. If a small car has the same outline as a |arge one, it
may be judged as farther away that it actually is. This is thought
to be a factor in the closer headway accepted when snall cars are
in traffic streans. To inprove visibility, nmotorcycles use
headl i ghts at all tines. The use of poles and flags, as sone

bi cyclists do, mght be hel pful

5.2.  Inproving Safety
There is much nore to safety than NHTSA standards and vehicle
size. NHTSA roles extend beyond the FWSS, and there are roles for
| aw enforcement, the courts, vehicle manufacturers, road facility
providers, drivers licensing and training agencies, and traffic

engineers, as well as public interest safety organizations and
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different levels of government. Mich has been acconpli shed.

One neasure of safety is fatalities per 100 mllion vehicle
mles, an exposure neasure. On this measure, safety has inproved
by a factor of 12 since the early days of the autonobile (Table 6).
Safety increased sharply during the 1930s and 4o0s, slowi ng
subsequent |y, although percentage reductions in fatalities remain
dramati c. Essential |y, the process of achieving safety
I nprovenents was realized by a (reverse) J-shaped curve. Sinmlar
curves hold for other nations, and the U. S. conpares very favorably
with other autonobilized nations.

Table 6: DEATH RATES PER 100,000,000 MOTOR VEHI CLE M LES (17)

Year Rat e
1913-17 average 18. 20
1928- 32 average 15. 60
1938-42 average 11. 49

1950 7.07
1960 5.31
1970 4. 88
1980 3.50
1990 2.18

The lowering of fatality rates was achieved in nmany ways.?
Traffic ordinances and their enforcenment by police and the courts
were well established the 1920s. Inprovenents in road facilities
were making contributions by the 1930s, and the 1930s saw a swel |l
of public concern, in part caused by the publicity given to

fatalities and injuries by Readers Disest. Results included

®No broad treatnent of the evolution and effectiveness of
safety programs appears to be available in spite of the inportance
of the topic and the large literature it has generat ed. Partia
anal yses are available, such as the review of traffic safety in
Ref erence 18 and anal yses of the regulation of the autonobile in
Ref erences 19 and 20.
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drivers licensing and education prograns. |nsurance conpanies, the
National Safety Council, and the Anerican Autonobile Association
played inportant roles in developing these programs. The federa

government increased its involvenent in the 1960s, and the H ghway
Traffic Safety Act of 1966 provided federal funding to states that
devel oped and inplenmented highway safety progranms. The Act of 1970
created NHTSA and its prograns.

Actions have addressed:

Drivers and pedestrians: education, |icensing, safety
campai gns, control of substance abuse, etc.

Facilities:  designs (sight distance, road surfaces,
grade separation), structures adjacent to roads, signs,
etc.

Vehi cl es: lighting, strength, bunper height and

resistance to crash damage, etc.

Operating rules: traffic ordinances, traffic engineering
and signing, etc.

As woul d be expected, the npbst prom sing actions were pursued
first. This is surely the reason why the absol ute decrease of the
fatality rate was rapid in the early days of the auto and has
sl owed subsequently (This is especially marked when fatalities per
x menmbers of the population is calculated. This neasure reached a

peak at about 1940.)

5.3.  Wuld Specialized Roads and Vehicles |nprove Safety?
Suppose the highway system gradually changes its form
Increasingly, roads would be redesigned to acconmodate specialized
vehi cl es such as nei ghborhood and commuter cars. Lar ger/ heavi er

trucks would increasingly have their own |anes. QG her types of
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vehicles would emerge and al so operate on facilities specially
redesigned for them [|VHS vehicles and facilities, for exanple.
Mat ching the vehicles and facilities would be appropriate driver
training and licensing and traffic engineering and control

Such a change of form would surely inprove safety for
conpared to the present situation, it would provide better matches
among drivers, vehicles, and road facilities and for tailoring
designs and controls to situations. Vehi cl e-to-vehicle weight
differences would decrease, as would differences in vehicle
velocities, braking performance, etc., in streanms of traffic.?
Facilities could be better matched to their environments
nei ghbor hoods, corridors, etc., and pedestrian control would be
sinplified.

Interestingly, a study of the accident involvenment of smal
cars in Japan reports that while these cars are involved in a
di sproportional (nore than expected) nunber of accidents fatalities
are |lower than expected (21). (The small cars are K-cars with
engi ne displacenents of 550 cc or less.) The reasons appear to
include the operation of the vehicles at |ow speeds in urban areas,

the lower speed limts in those areas, and the caution exercised by

Zvehicles involved in a collision are subject to the New onian
| aws on the conservation of nonentum and the conservation of
energy; the masses and pre collision velocities of vehicles are of
concern, There is less energy to be dissipated if vehicles are
| i ghtwei ght conpared to the situation when both vehicles are heavy.
Thi's, together with considerations of size and crush sPace
availability, argues for separation of |ightweight vehicle from
heavy ones. The question of the alignment of masses and velocities
argues for vehicles noving at nore or less the sane velocities in
sequestered | anes.
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smal | car drivers. Perhaps these findings are saying that smal
cars are relatively safe when operated in suitable environments.

The situation seens to be this. Actions have been taken to
i nprove the safety of the highway system and, as Table 6
indicates, returns from actions have been dimnishing. Tailoring
or redesign of vehicles and roadways along the |ines suggested by
commut er and nei ghborhood cars m ght make ol d safety enhancenent
actions nore productive and/or offer options for new actions

This is not a claimthat safety problems would be "solved."
Denogr aphi ¢ and educational trends bear on safety. Attitudes
acceptance of risk, and substance abuse woul d not be controlled by
vehicl e and hi ghway designs.

The notion that highways ought to be specialized to vehicles
and their uses is not a new one. A proposal presented to a world
conference on roads during the first decade of the century involved
side-by-side facilities for trucks, wal king, autos, and horse drawn
vehi cl es. The proposal was rejected because of the extensive
requirement for right-of-way and questions about how intersections
woul d be desi gned. The first objection would not apply to
speci al i zation suggested here, for it seeks to use existing right-
of-way nore effectively. Intersections would pose problens. But
they are offset somewhat by extensive experience in intersection
design since the 1920s and the |ight weight of neighborhood and
comut er vehi cl es.

Speci al i zed passenger cars provide an opening wedge for

I nprovenents in highway services. Larger/heavier trucks provide a
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second wedge. The efficiencies to be gained from |arger/heavier
trucks are well known (see, e.g., 22, 23, 23). Large truck
acceleration and deceleration rates are not conpatible with those
of passenger cars, and per mle of travel they are over represented
in fatal accidents. As a result, there have been various proposals
for specialized passenger car only facilities, as well as for truck
facilities (25). Such proposals are not new. The Congress debated
a truck only regional road systemin the 1930s, a proposal said to

be supported by Henry Ford. Earlier, an editorial in the 1928

edition of Roads and Streets said, "....nothing seems nore certain
then that many special highways will be constructed for notor
trucking. "

Perhaps the evolution of specialized facilities for
nei ghbor hood and commuter cars and for |arger/heavier trucks m ght
be conpl ement ary. Conpl enentary mght also be true as speci al

facilities emerge accommodating |VHS technol ogi es.
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APPENDI X A: BRI EF H STORY OF THE RESEARCH

Work on innovative vehicle and road infrastructure concepts

began in July 1989. It was decided that Phase 1 of the research
woul d proceed in a "paper and pencil" style, and focus on the
viability of concepts. It was planned that Phase 2 would involve

dermonstration type investigations. Phase 1 has been conpl eted.
Tasks Acconpli shed

Formation of Coalition: At the tinme the work was initiated

General Mdtors (GW was defining work on the marketing and
manufacturing feasibility of a vehicle it had designed a decade
before. This vehicle, termed the Lean Machi ne, had been on display
at EXPOin Florida and interest in purchasing had been expressed by
visitors who exam ned the vehicle. Booz Allen & Hamilton (BAH) had
been working with GM and it had proposed work for GM on safety,
mar ket anal ysis, and business planning topics.

The GM BAH association offered a context for exploration of
the comuter car concept, and our work proceeded in association
with GMand BAH GM allocated resources for in-house work, as well
as support for BAH work. Wrk at Berkeley (Institute of
Transportation Studies, University of California, Berkeley) began
using the Lean Machine as a case at point. A working coalition was
formed. Wile the results of sone of the BAH work funded by GM was
proprietary, there was a high level of sharing of information about
approaches and results.

BAH wai ved its fee on the work supported by Caltrans through
the Berkel ey-based research. As put by a BAH manager, BAH wanted
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to be counted in at the birth of a new concept and product.

Start - up: The first nmonths of work at Berkeley were
exploratory and directed to the devel opnment of a research plan.?
Researchers visited cities and agencies to determne interest in
the innovative vehicle concept and to identify potential sites for
field studies. First estimates of benefits and costs were nade.
An Advisory Commttee for the work was appointed and nmet to review
first findings and to nmmke suggestions about enphases and
approaches.

A report on work during this period was issued (1), and
several internal discussion papers were devel oped for use wthin
the project. A plan for Phase | investigations was devel oped.

Initiation of Phase | Investigations: It was planned that

Phase | investigations would begin in July 1990 and require about
twel ve months. Investigations were to exam ne benefits and costs,
market viability, and road infrastructure requirements for a Lean
Machi ne- type vehicle. Emerging technol ogies that m ght enhance or
suppl ement Lean Machi ne-type vehicle were also to be examined.?
Follow ng this work, and depending on findings, a Phase Il set of
I nvestigations would exam ne vehicle choices, users, and uses, as
well as the road infrastructure inplications fromvehicles. |t was
projected that Phase | would be conpleted by June 1991

Phase | investigations on the Berkeley Canpus were initiated

?rhese Were tasks 1, 2, and 3 in the work plan: Prelimnary
Study, Devel opnment of Phase | Study Plan, and Establishnent of
Advi sory Comm ttee.

Brhese were Tasks 4, 5, and 6 in the Wrk Plan.
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on schedul e. However, in the Fall of 1990 GM el ected to del ay
their participation in the coalition effort. This slowed the
start-up of work by BAH  Actually, that slow down enabled BAH use
of the results of work ongoing at Berkeley, and that enhanced what
they were able to acconplish, as wll be discussed |ater

The work at Berkeley focused on two matters: 1. an
appropriate design strategy for nodification of road infrastructure
and 2. a nethod for estimating congestion reduction benefits.
Al t hough the Berkeley work did not and could not review actua
experience with facility nodifications, it did strongly suggest
that nethods could be inplenented to nmake sinple, increnenta
adjustnents to road facilities in order to accommodate narrow w dth
vehi cl es such as the Lean Machi ne. It al so suggested that these
could be made in a cost effective manner. There would be savings
by highway agencies as well as vehicle users.

The work at Berkeley was conpleted in the Spring of 1991, and

a report was issued (2).%

Nei shbor hood Scale Analysis: Beginning in the Sunmer of 1991
an investigation of neighborhood scale vehicles, roads, and
community designs was initiated at Berkeley.® Focus was on short
trips made typically on local roads and streets. Wuld a small
| nexpensi ve, | ow velocity vehicle serve such trips? Woul d

modi fications need to be nade to |ocal roads? What about places

~ %rhis represented conpletion of Task 5: St udy of Roadway
Desi gn Needs and Task 6: Inpacts Analysis, Benefit-cost Analysis
of Congestion Relief.

Bpask 7 in the Work Pl an.
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where short trips require crossing or using a segnent of high
capacity roads such as arterial highways? Safety? To deal wth
some of these questions and other questions, one part of the study
addressed issues, many of which would also apply to station and
commut er cars.

The second thrust of the study focused on nei ghborhood
designs. It explored the extent to which the use of small vehicles
and nodifications of |ocal roads mght allow for revisions in the
design of existing communities or new approaches to the design of
new communities.

A report fromthis work was conpleted in June 1992. (4) -

Comnl etion of Phase | Work: As stated, GM d:cided to del ay

its participation in the study effort. Delay ended in the Fall of
1992 when GM resuned its in-house investigations, and began to
support BAH worKk. At that time, work by BAH oriented to road
infrastructure issues began, and BAH submitted its report in August
1992 (3).% The BAH report extended work conpleted at Berkel ey.
Researchers interviewed transportation and planning officials in
California to acquaint them with study findings, identify barriers,
and devel op planning requirenents. The report stressed the
conplexity of planning and inplenentation tasks, and, especially,
the long lead tines that may be required.

Wrk by GMincluded six marketing clinics in California.

Those clinics served to identify potential purchasers of vehicles

%rhis was the first of two rounds of work on Task 4 of the
Study Plan: First Field Exam nations.
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and potential uses. They also identified the types of road
infrastructure inprovenents given priority by potential users.

Based on the results fromthe clinics and earlier work, BAH
initiated additional field exanmi nations in January 1993.% That
work merged data on potential markets and how commuter vehicles
m ght increase road capacity with information about two mgjor
California markets (San Franci sco and Los Angeles) in order to
sharpen data on potential benefits and road infrastructure issues.
The report fromthat work was conpleted in July |.993. (5)

Wor ki ng Papers (Unpubl i shed)

During the course of the research, working papers aided
di scussions of issues and the exchange of information. They were:
Technol ogy and the Future of Transportation, An Industrial View
Assessment of the Urban Benefits of Half Wdth Cars. _ _
A Plan to Study the Deploynment of Half Wdth Autonobiles in

Selected Uban Areas.
Some &ansportatmn Opportunities: Lean Mchines and Nei ghborhood

rs.
Lean Machine Crash Worthiness Review. _ _
AASHTO on Vehicles and the Geometric Design of H ghways.
Geonetric Designs for Mnicars.
More on Residential Street Designs.
Varieties of Small Vehicles: Mrket N ches and Regul atory I|ssues.
Gty Planni n% and the Anerican Urban Form
New Nei ghborhoods--New Vehi cl es.
Partici pants

Booz Allen & HamIton: Gary Schul man, Robert Kreeb, James Dol an,
and Janes A. Mateyka.

California Department of Transportation: Roy Bushey, David
Aschuckin, Charles Price.

General Mtors Corporation: Al an Chernonski and Bridget Cassidy.

2’part b of Task 4: Final Field Exam nations.
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Al bert J. Sobey and Associates: Al bert J. Sobey.

St ander Research Associates, Inc.: David M Stander.

University of California at Berkeley: WlliamL. Garrison, Mark E.

Pitstick, Daniel Cullinane, Kevin Gilson, Peter C. Bossel nann, Carl
M Maxey, and A Mtra.



