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Roadway Infrastructure for
Neighborhood Electric Vehicles

ARAM G. STEIN, KENNETH S KURANI, AND DANIEL SPERLING

The neighborhood electric vehicle (NEV) ts a small, elecmc car de-
stgned for low-speed, local trips m nezghborhoods and urban areas
The market potenttal for NEVs depends m part on the avatlabdtty of
a network of safe and accessible roads The processes revolved m
developing mew infrastructure are explored, and some destgn concepts
are presented. To accommodate NEVs safely on ex:stmg roads de-
signed for large vehicles and fast-moving traffic, infrastructure stan-
dards and d~tgns will need t~ be modified, this wffi occur through a
process of expertmentauon as the market for NEVs grows and plan-
nets and engineers dtscover whtch designs work and whtch do not
The results of local experiments wdt provide the evidence for mod~-
fymg state and federal rules and guldehnes co&fled m geometric and
traffic control pohcy manuals Ulumately the provision and manage-
ment of roa~ infrastructure must become more flexible to accommo-
date alternal~ves to the full-stze, gasohne-powered automobile

Pedesmans, btcycles, automobdes, trucks, and buses are part of a
larger infrastructure system At certain times and places these
modes compete for scarce resources~notably road space and
parhng Other t~mes they complement one another pedestrians
and b~cychsts may work together to lobby for new paths that
neither could obtain alone, or auto and transit trips may be hnked
to provide suburban residents w~th access to downtown employ-
ment And at stdi other times, a travel mode may operate m a
constrained environment or serve a spec~ahzed purpose such that
it faces littk’ compemton from any other mode Travel modes may
share common facthUes or may travel on dedtcated rtghts-of-way
(ROWs) Motor vehicles have streets and freeways, btcychsts
have streets, btke lanes, and paths; and pedestrians have cross-
walks, sidewalks, and pedestrian malls

Of all these modes, motor vehtcles--automobdes and trucks~
have shaped U S cities, m part through the demands for specific
infrastructure destgned to serve them Energy-effictent and low-
polluting alternatives such as walking, btcychng, and using small
vehicles have been margmahzed Many suburban residents have
,nowhere to walk or cycle Thetr shops, restaurants, theaters,
schools, and workplaces are inaccessible except by car Urban
restdents platy a daily game, ctrcling blocks m search of a parking
:~pace large enough for thetr automobde---one more low-speed,
;,top-and-go, inefficleat, and highly polluting trtp

This paper explores infrastructure destgns for small, less pol-
luting vehlctes suitable for nonfreeway travel These vehicles are
l eferred to as neighborhood electric vehicles (NEVs), others refer
Io these small cars, someumes w~th shghtly d~fferent appheatmns
m mind, as .~,ubcars (1), c~ty cars, and station cars [Note that these
’.,mall cars could operate on other fuels or engines, but Cahforma’s
zero-emtss~on vehicle mandate puts a premtum on elecmc pro-
pulsaon (see the papers by L:pman et al and Sperhng, this Rec-

lnsntute of TrBnsportanor~ Studies, Umvers~ty of Cahforma, Davis, Darts,
(~1~ 95616

ord)] NEVs are designed for short raps on surface sueets, to carry
small loads, and generally for one or two people, although they
m~ght be deslgned for additional passengers They are not m-
tended to be freeway capable, alIowmg for a dramatic reduction
m energy and power needs NEVs would serve those tr~ps that
consumers find too long for walkang and blcychng but that do not
require the use of full-stze automobdes

Extstmg competmve and complementary relaUonshtps among
travel modes wilt be upset and reformulated when a new travel
mode ~s introduced The purposes of thts paper are to identify the
types of infrastructure needed to accommodate NEXt transporta-
uon, to understand the underlying insUtuttonai processes revolved
m des~gmng and ~mplementmg ~mprovements, and to present
some generalizable NEV-fnend[y infrastructure concepts

DIVERSIFYING TRANSPORTATION
INFK&S~I?RUC’FURE

Htgh levels of safety and accesstbthty have been attained by re-
fimng vehicle technology, and drtver capabiltties for multipurpose
roadways. NEVs are not always well served by thts system, but
that does not mean that NEVs are inherently less useful and less
safe than full-size automobiles With thetr own infrastructure and
supportwe design practices, NEVs can be far safer and more con-
vement than full-stze cars With thetr own lanes, paths, and park-
trig, NEV users could attain htgh levels of safety, convemence,
and access~bthty NEV-fnendly infrastructures would take account
of and exploit the NEV’s reduced length and w~dth, lower speed,
hghter weight, and reduced no~se.

The type and scale of NEV infrastructures would vary across
communmes, depending m part on whtch vehtcle types prevail
The slower, open chassis "low-end" NEVs [wtth top speeds of
about 35 km/hr (-20 mph)] may be too vulnerable on high-speed,
htgh-volume streets and may requtre more extenstve traffic sepa-
ration than the qmcker, fully enclosed "high-end" NEVs [w~th
top speeds of up to 65 km/hr (--40 mph)]. High-end NEVs may
requtre only hmtted changes to the extsting networks.

Improvement in safety, however, ts only one reason for en-
hancing and d~verstfying infrastructures Regardless of safety fea-
tures or speed capabthttes, NEV users may prefer separate lanes
and paths because of the enhanced driving experience or easier
access to destinations Demand for NEV-frtendly infrastructure
may depend on the traffic envtronment and driver preferences, as
well as safety and performance attributes of NEVs

Separate NEV lanes and paths might be provtded where there
are htgh speed hmtts, htgh truck volumes, multtple lanes, a history
of reckless drtvmg and car acctdents, or congested traffic Where
separate NLL’V lanes and paths are m nlace, traffic control devtces
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wilt be necessary to inform the public of proper facility use Lane
use signs would be needed to inform NEVs of upcoming lane
separation and merging lanes, wammg and ROW signs would
have to be placed at the Intersections of NEV paths and roadways,
and route guidance signs slmdar to street signs and route guidance
signs used for orienting motor vehicles on the larger network wdl
be necessary to orient NEV traffic on NEV paths Preferentml
parkang might be provided m congested downtown areas or at
transit stations

NEV--centnc infrastructure could be broadly mtroduced into
new land use developments New developments can be designed
around NEV-centnc design concepts Land use designs can em-
phasize short trips, ROWs can be created for an Internal network
of NEV paths NEVs are suited to pedestrian- and translt-orlented
developments and mixed-use neighborhoods where many activi-
ties are within easy access of residences NEVs represent a useful
and posslbly superior ~,ehicle for residents of such communities
An expanded dlscusston__of neotraditlonal land uses that may be
amenable to NEV transportation can be found elsewhere (2-4)

EVOLLVFION OF TRANSPORTATION
INFRASTRUCTURE

It will take time for NEV-frlendly and NEV-centnc infrastructures
to evolve Today’s infrastructures did not appear spontaneously in
their present forms Many years-were spent expanding and refining
the networks and developing standard practices Traffic lanes were
quite narrow until vehicle speed capabihtles increased and trucks
began sharing the roads When safety became an issue, streets
were widened, speed limits lowered, or restrictions imposed on
vehicle commmghng Eventually geometric standards for street
widths, curves, and intersection designs were codified In state and
federal rules and guidelines Traffic control devices were created
and modified to enhance safety not only for autos and trucks but
also for bicycles and pedestrians

Infrastructure design and management (and codified vales)
evolve over time as a result of continuing experimentation To
evaluate which ts the safest and most comfortable lane width,
engineers experiment with a variety of lane sizes and vehicle
speeds They test driver responses to new traffic control concepts
They experiment with sign sizes, symbols, and locations. NEV-
centric designs wfl[ evolve through th.ts same process of experi-
mentation, although modern computer simulation techniques are
now available to expedite the process

Infrastruaure design does not evolve randomly, tt evolves in
response to shlftmg demand and organized interest groups
Throughout the history of clvd~zatlon engineers have responded
to changing transportation technologies, land use strategies, and
demands for greater transportation safety and efficiency (5) The
demand for automobiles and trucks over carts and carnages re-
suited in a dramatic shift m engineenng design Before the auto-
mobile made its debut, bicycle lobbies were a major voice In the
deslgn of transportation facdmes (6) Today although small rela-
tive to automobile lobbies, bicycle lobbies still take an active role
In engineering design The construction and modification of road
infrastructure to serve NEVs wall depend on advocacy by NEV
interest groups These lobbies, hke all the others, wdl include
vehmle owners, vehicle manufacturers, and various pubhc )nterest
groups

In the near term one would expect that NEVs will be purchased
in smalI numbers by people who live m places amenable to their
use. As the number of NEV owners grows, towns will begin in-
cremental Improvements to local infrastructures Increased NEVo
cenmc infrastructure will attract more people and vehicle manu-
facturers to the NEV concept, and as the market grows the NEV
lobby will grow as well Local lobbies will turn into regmnal and
slate lobbies, and eventually state and federal policies toward fu-
ture community planning and roadway improvement projects will
be influenced

Consider the retirement community of Palm Desert, Cahforma
For years golf carts were used for recreation in Palm Desert, but
they were not permitted on public streets except to travel to and
from golf courses Based m part on a survey of residents’ desired
golf cart use, Palm Desert and the South Coast Air Quality Man-
agement District tobb~ed the California state leglslature to allow
the city to conduct a golf cart pilot program The state set con-
ditions and required the local engmecrs to implement safety en-
hancements to the existing city streets In response Palm Desert
developed and implemented improvement strategies and created
new design standards (7) The city now has golf cart lanes 
higher-speed streets, separate ROWs, and new traffic control de-
vices designed specifically for golf carts In 1994 the city was
evaluating the effectiveness of these infrastructures This pilot pro-
gram has stimulated interest m NEVs in several Cahforma cities
including Davl~, Sacramento, Berkeley, San Francisco, Santa
Cruz, and Los Angeles

CODIFYING GUIDELINES

The deployment and modification of roads and traffic controls are
overseen by state and federal agencies To enhance safety FHWA
and the National Committee of Uniform Traffic Coatroi Devices
specify application, design, and placement standards for traffic
control devices. FHWA states that traffic control devices "on all
streets and highways in each State shall be in substantial confor-
mance with standards issued or endorsed by the Federal Highway
Administrator" (8) AASHTO establishes standard practices for
geometric design of streets and highways and for bicycle facilities

Local governments follow these state and federal standards and
procedures for three reasons. First, the standards have evolved
from years of refinement If they are followed properly the safety
and efficiency of transportatmn facthttes will likely be improved
Second, for any projects that use state or federal financing, local
authorities are required to comply with those guidelines, rarely
would they be able to forgo those funds. Finally, if localities fol-
low the standards, they may be less vulnerable to lawsuits charg-
ing negligence. Courts have recognized the individual’s right to
collect damages when injuries result from an improperly designed
fatality The state and federal standards provide a framework for
this notion of "proper" design

Because the NEV is a new class of vehicle, NEV infrastructure
wilI ultimately require new design gutdehnes set forth by
AASHTO and FHWA Before NEV-eentric designs can be codi-
fied and published in pohcy manuals, they must be widely ex-
amined by many organizations and mdlviduals AASHTO states
"During the developmental process, comments [are] sought and
considered from all the States, lhe Federal Highway Administra-
tion, and representatives of the American Pubhc Works Associa-
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tlon, the National Association of County Engineers, the National
League of C~tles, and other interested parties" (9)

The FHWA approval process for traffic control devices zs also
extensive The city of Palm Desert, for example, spent 2 years
petitioning FHWA to approve a golf cart symbol It d~d finally
succeed, but only after being forced to make numerous design
revtslotls in accordance with conformity guidelines m the Manual
on UmJorm Traffic Control Devices (MUTCD) (8)

DESIGN AND IMFLEMENTATION

Starting Point for New Designs

Although AASH’ID and FHWA have not specified any dimensions
of NEV lanes and curves or the placement and contents of NEV
signs, they do provide design processes Local planners and engl-
neers c~n use these exts’.mg processes contained m AASHTO’s
manual on geometric design and FIffWA’s MOTCD to help develop
NEV-ce~atric design concepts

The most critical factor in geometric design Is the ’*design ve-
hicle " The physical character~shcs of this vehicle determine lane
widths, curve radix, sight distance, grading, and parking The de-
sign vehicle is specified to have larger physical dimensions and a
larger minimum turning radius than most vehicles m the design
class (9) Vehicle speed, acceleration, and braking capabthttes are
also parameters used m facility design It will be necessary to
specify these for NEVs to determine maximum grades, minimum
length of passing zones and merging lanes, signal timing, as well
as where NEVs wdl be allowed and what types of traffic sepa-
ration wi[1 be required

Table 1 compares the critical dimensions of AASHTO’s design
passenger car with the dimensions of the authors’ proposed NEV
design vehicle On the basis of the author’s review of exlstmg
NEV models and prototype attributes the authors propose a ve-
hicle design width of 1 5 m (5 ft), sufficlent for a fully enclosed
NEV with spacious slde-b)-slde seating The authors also propose
that the design length, wheelbase, and minimum outside turning
radius be 2 7 m (9 ft), 1 8 m (6 ft), and 4 m (13 ft), respectively
As Table 1 shows the acceleration of AASH’I~’s passenger car

far exceeds the capabthties of the NEV it takes the AASHTO
design passenger car 69 m (225 fl) to accelerate from 0 to 
mph, whereas the NEV of the proposed design needs twice that
distance For this reason NEVs may require greater sight dls-
tances, longer merging lanes, and longer minimum green times
for traffic s~gnals at wide Intersechons with actuated signals cali-
brated for higher-speed traffic

In the area of traffic control the MUTCD provides a list of five
basic requirements for any traffic control device Devices must
(a) fulfill a need, (b)command attention, (c)convey a clear 
simple meamng, (d) command respect of road users, and (e) 
adequate time for proper response (8) Design, placement, oper-
ation, maintenance, and umfommy characteristics must all be con-
stdered to meet these basic requirements The most challenging
requirement that must be satisfied Is conveying clear and simple
meanings Because NEVs are an unfamiliar technology, it may be
difficult to find familiar words and images to represent the NEV
in a manner that Is accurate and easy to interpret NEV attributes
easiest to represent in visual images may be the small wheel base,
short overhang over the front and rear wheels, and single or dou-
ble vehicle occupancy Educational plaques might include words
such as small, mm,, micro, slow, reduced-speed, and low-speed
So not to be confused with larger, freeway-capable automobiles,
terms such as vehicle, car, or cart are preferred to auto and
automobde

Infrastructure Design Concepts

Figure i shows a simple network with a NEV path and lane and
several traffic control devices The path turns Into a dedicated
NEV lane when it joins a road for full-size motor vehicles Sug-
gested slgnage and geometric designs are presented in Figure 1
and are described below

Geometries

The NEV lane and one-way NEV path should be at least 2 1 m
(7 ft) wide, providing at least a 0 3-m (l-ft) buffer zone to either

TABLE I Comparison of AASHTO and NEV Design Vehicles

Phystcat Attribute
Destcjn Vehicle Characteristics, by Vehlcle Type
AASHTO Netghbodaood
Passen~er’Car Electac Vehicle

Height (m)n 1 30 1.37
W~dth (m} 2 14 1 53
t.e~gth (m) S o0 2.7s
Wheelbase (m) 3 36 1.83
M~n~mum "fuming Radiusb

Outside (m)c 7 32 3 97
|nsK~e (m)d 4 2~ 2A4

Acceleration (m/s2)e 1 31
Distance required to accelerate 69

Irom 0 to 30 mph (m)
0.67
134

aConvers~’~ 1 meier = 3 28 |eet
bVehtcle speed le.~.s than ~O mph
CTrack of tim outer front overhang
dTrack of tim tuner rear wheel
eFrom 0 Io 30 mph on level surface
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Suggested dgnage and geometric staadards for

side of the NEV AASHTO specifies lane widths that provide at
least this much space to e~ther side of vehicles, even on facilities
where speeds and traffic volumes are low So not to be confused
with an automobde lane, lane width should not exceed 2 4 m (8
fl) Clear lane markings, signs, and a preference toward lanes of
minimum width will help reduce driver confusion For purposes
of drainage, clearance from roadside obstructions, and emergency
stopping, NEV paths should have a 0 6-m (240 graded area ad-
jacent to the pa,~ement. AASHTO specifies this minimum d~mcn-
sion for both motor vehmle and bicycle facflitms (9,10) Where
space perrmts, shoulders should be made wide enough for NEVs
to completely pull off the traveled way. This becomes mcreasmgiy
Important as vehmle speeds and volumes increase

The authors propose a wider lane and path standard than those
developed for golf carts because the authors’ design vehicle is
wider than the golf cart and may operate above golf cart speeds
on these facflmes In Peachtree City, Georgia, wbach has 97 km
(60 mi) of golf cart paths (11), pavement widths for two-way paths
are 2 4 m (8 fl), which is not wide enough to accommodate rwo
NEV design vehmles passing each other Before estabhshing ex-
tenswe NEV networks, width cmefia for lanes, paths, and curves
should be matched carefully with the vehmle and ~ts expected
operating speed

Traffic Controls

NEVs wtU require traffic controls to provide notices of warning,
regulation, and direction Figure ! shows two types of traffic par-
titmn signs m the upper right. The preferential lane sign provides
NEVs with the option of using a NEV lane, but would not reqmre
it Slower NEVs could use the separate lane, whereas faster NEVs
could commingle with traffic For peak-hour NEV lanes, such a
s~gn could be accompanied by parking regutatmn mformatmn The
other travel path sign strictly regulates lane use Th~s sign would
require NEVs to use the separate lane These signs may be ap-
propriate m areas deemed unfit for commingling at all times by

all NEVs Respective lane speed mformataon can also be posted
on these signs or speeds can be stenciled onto the street surface

Route guidance and warning signs are also invaluable on NEV
networ~ On NEV paths routes should be marked with NEV-
specific signs to orient drivers Warning signs should inform driv-
ers of potentlai hazards, such as the tight curve shown in the
example in Figure 1

Implementation Strategies

Of the three types of surface s{reets--local, collector, and arte-
nal--acoess to arterial streets ts most problematic Retrofitting of
artenals will require creative solutions Speed limits could be re-
duced, NEV lanes could use park_rag channels and road shoulders,
and travel lanes may be narrowed to make space available for
NEV lanes NEVs may also use existing bicycle lanes, or ROWs
can be expanded Planners will see advantages and disadvantages
m each strategy

ModL.fymg Street Parkang

Curbstde parallel parking spaces along artertal streets are a perfect
stze for NEV lanes Conversion of parking spaces to NEV lanes
might face strong opposition, however, from businesses and res-
idents who wflI lose their parking, local governments that will
lose parkang revenue, and pedestrians opposed to losing the
parked-car buffer zone between sidewalks and moving vehicles
On the other hand in some cases parking removal may reduce
traffic congestmn by eliminating street-side actwtty or by forcing
people to find altematwes to thelr automobiles

Planners must be creative in appeasing those affected by park-
mg removal Compromises may include increasing parking ca-
pacity elsewhere or using the parking channel for only paris of
the day

Si~armg Bicycle Facdmes

The use of bicycle lanes and paths as shared-use NEV facihtles
may be feasible in special circumstances, but it may not be ac-
ceptable for many bicychsts if it is adopted as a general policy.
Just as automobiles and trucks threaten NEVs, NEVs threaten bl-
cychsts Commmghng mar" not be appropriate when bicycle or
NEV volumes are high or where bicycle lanes or paths are narrow
The Cahfomia Department of Transportation restricts the use of
bicycle paths by all motor vehmles with the excepuon of mopeds
(12) A combination of legislation and development of appropriate
traffic controls and geometrlcs may be needed before NEVs and
bicycles share the same ROW.

The advantage of sharing the same facilities is that many bike
lanes and paths are already m place in many cities and may be
easily upgraded to serve NEV traffic On streets that already have
bike lanes, introductmn of a third lane may cause confusmn for
facility users

Selecting fi’om Remaining Optzons

Perhaps the most cost-effective way to retrofit an extstmg road
for NEVs is to lower speed hmlts Lower soeeds may make a
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facility safer for everyone Some facthtms will still be driven at
speeds above the posted hmtt, so planners should be concerned
with the actual speeds on a facility and not measure safety solely
by what is posted The lowenng of speed hmtts may cause con-
gestion and decrease facthty throughput Prettmed traffic signals
may also need to be recahbrated for the reduced traffic speeds

In some areas the use of street shoulders may be the only fea-
sible optmn for introducing NEV lanes Shoulders are the last
uniform element of the roadway that has not been fully dominated
by the automobile The conversion of road shoulders may be con-
troversial, especially near state and federal highway facilities, be-
cause theil use as through lanes is not part of AASHTO’s deft-
ration of shoulders Redefimtion may require legislation It may
also be necessary to upgrade shoulders to achieve uniform lane
width standards

Automobile lane widths may also be reduced or ROWs may be
expanded to make room for NEV facilities Lane narrowing will
be possible only where broad lanes are common In the case of
four-lane artenals, center l~aes may need to be restnped, whereas
two-lane artenals can be reduced by imposing a NEV lane along
the edge Side effects may result from lane narrowing Speeds may
drop when lanes are narrowed and capacity may be reduced (9)
Lane narrowing may be attractive on some streets as a traffic-
calming strategy for reducing speed differentials between vehicle
types However drivers may not feel as comfortable or safe on
narrow lanes, especially when traffic or truck volumes are high
Expansion of the ROW may require substantial commitment in
resources~ depending on land costs and existing road border con-
ditions In urba,", residentmI, and commercial areas additional
ROWs may not be avaltable because of existing sidewalks, front
yards, stere,fronts, drweway curb cuts, and drainage channels

Instead of retrofitting existing facilities a less costly strategy for
providing NEV access may be to build new paths between abut-
tmg properties and cul-de-sacs, along storm channels, tkrough
fields and ~lleyways, beside train tracks, and roland to existing
roadways [n the development of bicycle paths during the 1970s
bicycle organmatmns were dismayed that bicycle trails did not
contribute useful hnkages for utihty bmyctmg (13) The effective-
ness of separate paths should be measured m part by their prox-
unity to populatmn centers and their abthty to provide access to
actlvlt~.es

CONCLU~;ION

Roadway infrastructure can be built and modified to enhance the
safety and ntflity of NEVs The challenge is most difficult when
existing roads serve fast-moving traffic, but Improvements are
possible, as demonstrated time and agam with other modes New
design concepts and practlces will evolve through experimenta-
tion Local planners wllI need to work wlth regulators to develop
sensible guJdelines and standards for both geometncs and traffic
control devices. In some cases dedicated paths will prove to be

attractive and effective More commonly, especially mttlally, ef-
forts will need to be focused on converszon and adaptation of
existing facilities removmg street parking, narrowing lanes, low-
ering speed hmlts, and upgrading shoulders The need for en-
hanced infrastructures will ultimately depend on the slze of NEV
markets, the performance capabilities and safety characteristics of
NEVs, the expectations of NEV users, and the traffic environ-
ments where these vehicles will operate
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