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Inrecent years, shared-use vehicle systemshavegar nered a great deal of
interest and activity internationally as an innovative mobility solution.
In general, shared-use vehicle systems consist of a fleet of vehicles that
areused by several different individualsthroughout the day. Shared-use
vehicles offer the convenience of the private automobile and mor e flexi-
bility than publictransportation alone. Thesesystemsar eattractivesince
they offer thepotential tolower auser’stransportation costs; reducethe
need for parking spacesin acommunity; improveoverall air quality; and
facilitate accessto and encour age use of other transportation modessuch
as rail transit. Shared-use vehicle systems take many forms, ranging
from neighborhood car sharing to classic station car models. Given the
recent proliferation in system approaches, it isuseful to establish a clas-
sification system or framework for characterizing these programs. The
classification system presented here outlines key program elementsthat
can help policy makersand practitionerscharacterizeand evaluate var -
ious aspects of thisrapidly evolving field. Further, it helps researchers
analyzeand compar ethevariousmodels, including their similarities, dif-
ferences, and benefits. A shared-use vehicle classification system is pro-
vided that describesexisting and evolving models; examplesareprovided
of each. It is argued that carsharing and station car concepts can be
viewed as two ends of a continuum, sharing many similarities, rather
than as separ ate concepts. | ndeed, many existing shar ed-use vehicle sys-
tems can be viewed as hybrid systems, exhibiting key characteristics of
both concepts.

Inrecent years, shared-use vehicle systems have generated increased
interest and enthusiasm as an innovative mobility solution. Thebasic
premise of shared-use vehiclesisto move away fromindividua vehi-
cle ownership exclusively; instead, afleet of vehicles can be shared
throughout the day by different usersto provide an additional mobility
option. There are many potential advantages of shared-use systems,
including that

1. They can improve transportation efficiency by reducing the
number of (private) vehicles required to meet total travel demand;
asaresult, vehicles spend alot lessidletimein parking lots and are
used more often by several users;

2. Individuals can save on transportation costs since vehicle ex-
penses (e.g., payments, insurance, maintenance) are shared among all
system users (many carsharing organizations claim that significant
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cost savings are achieved by members when their corresponding
private vehicle mileage is less than 10 000 km annually);

3. An energy and emissions benefit is achieved when low-
polluting (e.g., electric, hybrid-electric, natural gas) cars make up
the shared-use vehicle fleet; and

4. Transitridershipisincreased when individua s use shared vehi-
cleseither through adirect transit linkage or indirectly because users
are now more conscious in their trip making and modal choices.

Further information isavailable on the history and benefits of shared-
use vehicle systems (1-3).

Over thelast several years, there hasbeen aproliferation of shared-
use vehicle systems around the world. Many of these systems reflect
different business model sand purposes; neverthel ess, they have com-
mon elements such as a shared fleet, transit linkages, and advanced
technologies (1, 2, 4). Indeed, thisisarapidly growing field, spawn-
ing severa conferences and workshops that encourage practitioners,
researchers, and enthusiasts to gather and discuss shared-use vehicle
system practices and approaches (e.g., the First North America Car-
sharing Conference held in Atlanta, Georgia, in March 2001, and the
Shared-Use Vehicle and Station Car Summit held in Irvine, Califor-
nia, in July 2001). Shared-use vehicle systems are often described
with various terms, emphasizing key attributes such as flexible fleet
services, short-term car rental, time-shared vehicles, instant rent-a
car, commuter carsharing, station cars, and transit-based carsharing.

To characterize and evaluate the various models or systems, it is
useful to establish aclassification system for shared-use vehicle pro-
grams. Therationalefor this classification system isto create amore
formal structure that will aid policy makers, researchers, and prac-
titioners in describing, contrasting, and analyzing such aspects as
environmental and social benefits with regard to shared-use vehicle
models and approaches in this rapidly changing field. Developing a
structured framework helps to clarify key terms and their usage. In
addition, it identifies existing and evolving model s al ong the shared-
use vehicle continuum, key attributes, and success factors. A histor-
ical approach wastaken toward devel oping thisframework, building
on the earliest carsharing and station car concepts.

Firgt, abrief review is presented of severa shared-use vehicle sys-
tem modelsthat arein placetoday. Next, the shared-use vehicle clas-
sification system isdescribed, outlining various modelsand providing
examples of each. In addition, model differences are discussed. By
establishing such a framework, more systematic identification and
tracking among awide range of shared-use vehicle models can occur
with regard to

* Common elements and differences,
* Success factors,
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* Economic viability,

* |Institutional and policy-related issues, and

* Societal and environmental benefits such aspotentially lowering
total vehicle kilometerstraveled (VKT) and improving air quality.

Finally, the issue of developing standards for shared-use vehicle
systemsis addressed.

BASIC SHARED-USE VEHICLE SYSTEM MODELS

Generally, there are three basic shared-use vehicle system models.
The historical approach taken toward defining these approaches
includes neighborhood carsharing, station cars, and multinodal
shared-use vehicles.

Recently, thefirst two models have begun to devel op significantly
fromtheir original visions, largely because of advanced technologies
(e.g., dectronic and wireless communication systems) that facilitate
system management and vehicle access. Thus, theinitial carsharing
and station car concepts have evolved to include common elements
of each model (e.g., commuter carsharing). The multinodal approach
isaso explored below.

Neighborhood Carsharing Model

The current concept of neighborhood carsharing started most aggres-
sively in Europe 15 years ago. Carsharing efforts emerged primarily
from individuals who wanted the mobility benefits of automobiles
but could not justify the cost of vehicle ownership, parking, and
other associated costs. Asaresult, several carsharing organizations
wereinitiated consisting of afew vehicles used by agroup of individ-
uals. Severa of these early carsharing organizationsfailed for various
reasons, but many grew beyond the initia grassroots, neighborhood-
based program stage. Today there are hundreds of successful car-
sharing organizations in many cities (1). For a recent listing of
these carsharing organizations, the reader isreferred to severa active
websites that focus on carsharing activities (5, 6).

Today’ stypical carsharing organization placesanetwork of shared-
usevehiclesat strategic parking locationsthroughout adensecity (see
Figure1). Memberstypically reserve shared-use vehiclesin advance.
At thetime of therental, the user gains accessto the vehicle, carries
out thetrip, and returns the vehicle back to the same ot from which
it wasoriginally accessed (thisis also known asa*“two-way” rental
because the user isrequired to rent and return avehicleto the same
lot during one continuous rental period). Participants pay ausagefee
(typically based on time and mileage) each time a vehicle is used.
The carsharing organization as a whole maintains the vehicle fleet
(including light trucks) throughout anetwork of locations, so that users
in neighborhoods and business areas have relatively easy vehicle
access. Usudly thereisaso asmall subscription fee paid on amonthly
basis or aone-time deposit or both.

Carsharing organizations are the most prevalent type of shared-use
vehiclesystem. Thevehiclesaremost often placed inresidential neigh-
borhoods; lessfrequently, they arelocated in downtown businessareas
and rural locations. To summarize, the premise of carsharing isthat
vehicle costs and usage are shared among agroup of individuals. Lots
arelocated so carsharing users can conveniently accessvehiclesfor trip
making. Often carsharing resultsin increased trangit ridership (aswell
as other alternative modes, such as biking), as users become much
more conscious of theindividual costs of each automobiletrip.
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FIGURE 1 Neighborhood carsharing model.

Station Cars

The station car isanother shared-use vehicle system model. The sta-
tion car concept has been implemented internationally, but has been
most actively tested in the United States (4). The earliest and pre-
dominant station car model consists of afleet of vehicles deployed
at passenger rail stationsin metropolitan areas that are used by rail
commuters primarily on the home- and work-end of atrip. A major-
ity of these systems have been initiated by rail transit operators seek-
ing to relieve parking shortages and increase transit ridership. A
typical station car scenarioisdepictedin Figure 2. When station cars
are placed at major rail stations along a commuting corridor, they
can serve asademand-responsivetransit feeder service on both ends
of acommute (7). For example, a user can drive astation car from
home to a nearby transit terminal, parking it at or near the station
while at work. The user then commutes by rail or bus to the des-
tination. After arriving at the destination station in the morning for
work, asecond station car could be rented to travel from the station
to the office, and during the day the individua might use that same
vehicleto make business and personal trips. In the evening, the user
again drivesthe station car to travel from work to the station. At the
end of thetransit commute, thissameindividual again tekesastation
car to drive home. In this scenario, “reverse” commuters often use
the same dedicated station car for their station-work/station-home
trips. Furthermore, noncommutetrips can also be made by other users
during the day when the vehicleswould otherwise sitidle at asta-
tion (8). Recently, the concept of station cars has now grown to be
much broader, so that stations may also be placed at aress of high
use not necessarily linked to transit.

Multinodal Shared-Use Vehicles

A more generalized shared-use vehicle systemisonein which shared
vehicles are driven among multiple stations or nodes to travel from
oneactivity center to another. Such systemsmay belocated at resorts,
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FIGURE 2 Classic station car model.

recreational areas, national parks, and at corporate and university
campuses. Asthe example depictsin Figure 3, auser may arrive by
rail or plane, then rent a shared-use vehicle to drive from the station
or airport to a hotel. Later on, the same individual may travel from
the hotel to ashopping mall or tourist attraction. Inthisway, thetrips
are more likely to be one-way each time in contrast to the typical
round-trips made in a traditional commuter station car system or
neighborhood carsharing program.

Because there are many more one-way trips in a multiple sta-
tion scenario, the number of shared-use vehicles at each station can
quickly become disproportionally distributed among the stations

VIO

FIGURE 3 Multinodal shared-use vehicle model.

(9-11). At different times throughout the day, some stations will
have an excess of vehicles whereas other stations will have a short-
age. Asaresult, it is sometimes necessary to relocate vehicles peri-
odically each day so that the system operates efficiently and (most)
users' travel demands are satisfied. Multinodal systems could also
be directly linked to transit, although they have not traditionally
been so in the past. Users share vehicle costs and usage, similar to
carsharing. However, an advantage of a multinodal system is that
vehicle trips can be one-way versus only two-way trips. One-way
rental introduces significant flexibility for users but management
complexities, including vehiclerel ocation. Advanced technologiescan
make multinodal systems much easier to manage and cost-effective
aswell.

CLASSIFICATION FRAMEWORK FOR
SHARED-USE VEHICLE SYSTEMS

Again, the authors have tracked many variations in the shared-use
vehicle system models described above, particularly in recent years
and in the United States. Shared-use vehicle systems are beginning
to take on many forms to suit various mobility objectives and new
market niches. Because of the recent proliferation in systems and
model approaches, this paper introduces a classification scheme for
shared-use vehicle systems to help identify similarities and differ-
ences and to establish common definitions and references to aid in
eval uating these approaches.

There are many different ways to develop a classification system,
depending on how the framework is to be used. For example, there
may be separate classification systems for analyzing overall mobility
affects, advanced technologies, and business models. As mentioned
earlier, this paper reflects ahistorical perspective, building onini-
tial concepts (some over 80 years old), to establish a common set of
shared-use vehicle elements (or reference points) for describing, con-
trasting, and evaluating more consistently the rangein approachesand
evolution to date. Severd different models have aready been intro-
duced; these models serve as the cornerstones of the classification
system described below.
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Key Elements of Classification System

To createthis classification system, it isnecessary to first identify the
key elements that define such systems. Key characteristics include
thefollowing (3):

* Definition of basic objectives, which may include whether the
system is intended for public service or for some known target
group; for example, whether it is a research demonstration project,
afor-profit local group, a corporate project, or afranchise.

* Links with other travel modes. One key feature of shared-use
vehicle systemsiswhether or not the service providesadirect linkage
to other travel modes such asrail and bus systems.

* Sizeof target areaand target group served. Targeted areasrange
from small neighborhood clustersto severa countries [e.g., mobility
carsharing in Switzerland, Germany, and Italy (12)].

* QOrganization, servicesoffered, businessmodels. Many systems
are organized differently and include various services (e.g., transit
discounts, premium parking, and access viaresidentia developers)
and packages (e.g., deposits, monthly subscriptions, pay-per-use);
for example, some systems may betailored toward short-term vehi-
cle use (afew hours) whereas others may allow longer-term usage
(morethan 24 h).

* Vehicles. Centra to al shared-use vehicle systemsarethe vehi-
clesthemselves. In most cases, they are automobiles, but shared-use
vehicle systems can aso include bicycles and other transportation
modes (e.g., Segway). Vehicle comparisons are often made on the
basis of the number, kind, and propulsion system of the vehicles
offered.

* Customer service. Systems range from a minimal amount of
customer service featuresto ahighlevel of service; servicequality is
also important (e.g., 24-hour roadside assistance, smartcard vehicle
access, and online reservations).
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* Technological sophistication. Technology plays avery impor-
tant role in providing user convenience and system manageability;
these technologies can be used on board the vehicle in supporting
system operations (e.g., fleet management) and for the customer
interface (e.g., reservations and hilling).

* Sources of support. Relatively few shared-use vehicle systems
are yet self-supporting from user fees; most depend on financial
support from government (e.g., federal, state, and local) and more
recently privateinvestors (e.g., venture capital, angel investors, and
automakers).

On the basis of these and other characteristics, the shared-use vehicle
classification system has been developed as depicted in Figure 4.
Before describing this classification system in detail, a few points
are made.

First, many have viewed station cars and carsharing as separate
concepts. These two concepts have devel oped somewhat simultane-
ously and independently over thelast severa decades, but they have
far more similarities than differences (13, 14). It can be argued that
carsharing and station cars share many similarities. Rather than treat
these concepts as separate mobility options, they can be regarded as
two ends of the same spectrum (as shown in Figure 4) in which many
“hybrid” models of the station car, carsharing, and multinodal
concepts are emerging (13).

Second, classic car rental companiestechnically could beincluded
in this classification scheme and would extend the continuum fur-
ther. However, in this approach, the focus is more exclusively on
innovative shared-use vehicle model sthat generally include ashort-
term rental component rather than the longer-term rental period
characteristic of classic car rental.

Third, in most cases, automobiles are considered to be the “vehi-
cle” in shared-use systems. However, thisis not necessarily therule;
these systems can include other transportation modes such asbicycles

Shared Vehicle
Systems

nodes placed at
transit stations

distributed nodes
without transit

connections at short-term non-
trip starts/ends commute trips

designs

hybrid inter-nodal no inter-nodal
travel allowed travel allowed

commuting use non-commuting use

non-commuting use |

with non-
commute trips

purely services
commute trips

campus setting
(day-use)

resort/park business residential
setting use (mostly) use (mostly)

« classic station cars « enhanced station cars

Station Cars

« corporate campus
« academic campus

« national park « fleet vehicles « classic CSOs
« gated communities
* resorts

« city visitors

Carsharing
Organizations

FIGURE 4 Shared-use vehicle classification system (CSO = carsharing organization).
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and scooters. In fact, shared-use bicycle systems often come to
mind when individuals arefirst introduced to the carsharing concept
(e.g., the“yellow” bike system in Amsterdam).

Referring to Figure 4, a key model differentiation can be made
between carsharing and station car systems (i.e., whether the system
isdirectly linked to transit), asindicated by thefirst split near thetop
of the classification tree. This distinction isrooted largely in the his-
torical approach taken in this particular framework. In the future,
such adistinction may no longer be used to differentiate approaches
(e.g., carsharing and station cars), as many carsharing organizations
arenow directly linked to transit stations (or located within just afew
minutes walking distance from transit terminals). As carsharing or
mobility servicesgrow in scale throughout aregion, theterm “ station
car” could be used to designate those fleet vehiclesthat arelocated at
or near atransit station specifically. Other system vehicles may
be based from office parks, apartment complexes, neighborhoods,
and resorts.

It is also important to note that most programs assign a term to
indicate wherethe shared-use vehiclesare located; examples of these
termsinclude“ stations,” “ports,” “hubs,” “lots,” and “pods.” Shared-
use vehicle systems can be identified as mobility networks, as they
are in this framework; thus, these locations are referred to as nodes
inanetwork. The systemson theleft of Figure 4 include nodes placed
at or near transit stations.

Next, the transit-based systems have been divided into different
categories on the basis of trip type (e.g., commuting or occasional
use). Theorigina station car concept envisioned avehiclefleet linked
totransit stationsthat would aid travelersin making connectionsat the
beginning and end of their commute (i.e., a demand-responsive
transit feeder service).

Also, asecond branch has been created on the basis of systemsthat
are not directly linked to transit stations (i.e., either at or nearby a
terminal). As mentioned earlier, it is critical to note that shared-use
vehicle systems are now beginning to evolve into dense transporta-
tion networksthat facilitate mobility throughout aregion. These sys-
tems will continue to expand and provide vehicle access in key
locations, based on customer demand and needs. Increasingly, these
systemswill include direct linkagesto transit aswell many other key
activity locations (such as offices, residences, and resorts). Thus, a
high-level transit distinction (or classification branch) will likely
becomelessimportant in such ashared-use vehicleframework inthe
future. Rather, the transition distinction will be used to describe key
locationsin a shared-use vehicle network that link larger transporta-
tion systems (e.g., highwaysand transit). Nevertheless, there are still
many programstoday that reflect clear distinctions between the clas-
sic neighborhood carsharing and station car approaches, hence the
historical perspective of this framework. In the next sections, three
key modelsin this shared-vehicle classification are explored: station
cars, carsharing, and multinodal systems. These models ultimately
intersect, resulting in what can be referred to as “hybrid” models.

Station Cars

The classic station car system, illustrated in the bottom left of Fig-
ure4, includes afleet of vehiclesthat serve commuterswho travel to
and from transit stations. An example of this type of system isthe
Bay Area Rapid Transit (BART) District-Hertz station car program
currently operating in San Francisco, California (15, 16). In the
BART-Hertz program, from 6 to 36 vehicles, including two Ford
Think city-class electric vehicles, are located at the BART Fremont
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station. The Hertz-BART Program has been running from the Fre-
mont Station since 2000. Hertz isresponsiblefor most costsand oper-
ations and recently took steps to start a new operation at the Colma
BART Station. As of March 2002, there are six regular subscribers
that use the station cars for commuting to work. Occasionally, other
individuals use the vehiclesto travel between the station and their
homes. Each day, approximately 25 to 30 individuas arriving at the
BART station viathe train use the vehicles to travel to meetings.
These individuals, who sign up for approximately 1 week of service,
typicaly visit the region for work-related conferences or mestings.

This station car or transit-based shared-vehicle model can be
enhanced by providing additional “day use” of shared-use cars for
noncommute purposesto travel ersarriving at the end station through-
out the day. For example, when station cars are parked at the “home”
trangit terminal in the morning, they may sit idle at the station for the
rest of day until the commuter returns home. In an enhanced system,
vehicles are used by “reverse” commuters (i.e., commuters who are
traveling in the opposite direction to get from home to work) to drive
from the transit station to their office park. However, residential and
business locations are rarely distributed evenly along mass transit
networks, so a“forward” and “reverse’” commute balance can be dif-
ficult to achieve. To provide more use and program revenues, the sys-
tem can be further enhanced to include noncommute trips for both
home- and work-based users. For example, employees could use the
shared vehicles to run errands during the day. Further, on the home
end, shared-use vehicles could beavailablefor householdsand neigh-
borhoods to share for noncommute trip making on evenings and
weekends. Examples of this can be seenin the CarLink | and Il pro-
grams (13-16) in Dublin-Pleasanton and Palo Alto, California, as
well asin the Ebina station car program near Y okohama, Japan (17)
(also see discussion that follows on hybrid models).

Another station car model, albeit rare, isthe placement of shared-
use vehicles at various rail stations for noncommute purposes (e.g.,
CarSharing Mobility Switzerland and Hertz-BART). In thisway, the
vehicles are used primarily for short local trips after atraveler has
reached the destination station. There are several shared bicycle sys-
temsthat operate similarly. Not surprisingly, there has been someini-
tial discussion about linking shared-bike and shared-scooter systems
with shared-use cars along the Y amanote ring rail line that circles
Tokyo, Japan, and in CarLink Il.

Carsharing

On theright side of Figure 4, the focus is on shared-use vehicle sys-
temsthat are not typically linked to transit systems, namely, neigh-
borhood carsharing. (It should be noted that even though traditional
neighborhood carsharing systems are not directly linked to transit,
many carsharing organizations claim carsharing encourages the
use of other transportation modes.) In this case, vehicles are located
throughout a dense network of nodes (also known as parking | ots,
pods, and ports) around the community. These locations typically
have ahigh degree of activity and are easily accessible by residentia
or business users. A primary characteristic of many of these systems
isthat most do not alow internodal travel (i.e., they are based on a
two-way rental model). Internodal travel (or one-way rentals) makes
it possiblefor customersto pick up avehicleat onelocation and return
it to a different location. Again, amost al carsharing organizations
are operated such that members must pick up and drop off a short-
term rental vehicleat asinglelocation (for example, Flexcar Portland
and City CarShare currently operatethisway (1, 18). However, larger
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carsharing organizations are beginning to experiment with internodal
vehicletravel, such as Mobility Carsharing in Switzerland.

For those systems that do not alow internodal travel, further divi-
sionintheclassification framework has been created that reflects sys-
tem purpose (e.g., residential, business, or resort and recreational
travel). Many systems are till targeted at one market niche primarily
(e.g., residentia or business use). (The mgority of carsharing organi-
zations cater to residential use, of which there are many examples, see
alisting at www.carsharing.net.) There are many examples of busi-
ness use, including traditional vehicle pools maintained by large cor-
porate and government entities. In this scenario, employees can rent
apooled vehicle during the day to travel to another location for busi-
Ness purposes. Business-use shared vehicle systems have been estab-
lished in downtown areas to serve many employers, such as the
Minato-Mirai 21 demonstration system in Y okohama, Japan (19).

Multinodal Shared-Use Vehicle Systems

Another type of atraditionally nontransit-based shared-use vehicle
systemisthemultinodal model in which stations are distributed at dif-
ferent locations throughout an area, and vehicle trips can be made
between the different locations. Such multinodal systems facilitate
internodal trips and are logistically more complicated to manage,
since there is the possibility of vehicle imbalance (i.e., too many
vehiclesmay end up at one station and not enough vehiclesat another).
The system balanceissueis being investigated both in simulation and
real-world demonstration systems (9, 10, 20).

These multiple station systems (sometimes referred to as a “ star
configuration,” whichisillustrated in Figure 3) can be applied to sev-
eral settings. For exampl e, these systems potentialy fit well into resort
communities and large national parksin which there are anumber of
attractionsthat visitors can travel among. These multiple station sys-
temsare also alogica design for campus settings, either corporate or
academic. A large corporation may have buildings (offices, factories)
located throughout an area among which employees must travel. An
example of thistype of corporate campus shared-use vehicle system
is the Crayon system located in Toyoda City, Japan (21). In this
demonstration system, Toyota automobile company employees use
small electric vehiclesto drive between different locations. These
multiple station systems can also work well on university campuses.
There is often a great deal of trip making around a campus, such as
traveling among various offices, teaching halls, and research labs.
An example of auniversity-based shared-use vehicle system | ocated
at the University of California, Riverside (UCR) campus is UCR
IntelliShare (11, 20).

Hybrid Models

Thefuture of shared vehicle systemsliesin thefinal category—hybrid
systems. Hybrid systems have characteristics of many of the systems
described thusfar. For example, a shared-use vehicle system may be
linked to transit but at the same time alows its members to use the
same vehiclesfor day-use trips (i.e., noncommuting purposes). Both
business and residential applications may also betargeted in the same
model. Examples of a hybrid carsharing/station car system are the
CarLink | and Il programs (13). CarLink Il isa“smart” [which indi-
cates the use of intelligent transportation system technologies (ITS)]
transit-based, commuter carsharing program, with three different user
groups: home-based users, work-based commuters, and work-based
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day users. This pilot program—based on a partnership of Caltrans,
Honda, the Institute of Transportation Studies at the University of
Cdlifornia-Davis and Partners for Advanced Transit and Highways,
and Caltrain—uses a fleet of 20 vehicles consisting entirely of 2001
ultra-low emission vehicle (ULEV) Honda Civics. Thesevehiclesare
based out of reserved parking spaces at the California Avenue Cal-
train Station in Palo Alto and are shared by residents of the Palo Alto
area and employers of the Stanford Research Park (16). Another
hybrid system that isin the planning stagesislocated in the downtown
area of Denver, Colorado, near Union Station. This program will
include thefollowing markets: (a) transit commuters, (b) residents of
downtown neighborhoods, (¢) downtown commutersand employees,
and (d) visitors. The program will includetwo electric vehicle stations
and many shared nodesin neighborhoods, commercid buildings, and
mixed-use structures (unpublished data, M. Bernard, 2001).

These types of hybrid systems pull together many of the key
characteristics of shared-use vehicle systems and maximize vehicle
use and program revenues. By maximizing the number of waysthat
shared-use vehicles are deployed, the more effective each individual
system will be in eliminating idle parked vehicles and promoting
transit use, aswell asin lowering emissions.

Key Model Elements:
Smart Technologies and Vehicles

Itisimportant to mention that all shared-use vehicle models can ben-
efit from I TS technologies. There are several advantagesto employ-
ing highly automated and integrated systemsfor reservations, hilling,
fleet and parking management, and vehicle access. One advantageis
that the systems become much more user friendly (or convenient),
which attracts subscribers. Another distinct advantageisthat the sys-
tems are far easier to manage, particularly when the size of these
programs gets to be quite large (1-11). The core components of
ITS technologies applied to shared-use vehicle systems are similar
among all models, but acertain degree of customization isneeded for
specific implementations.

Another commonality among systemsisthetype of vehiclesused.
Most shared-use vehicle systems described here are based on the
concept of short-term rental (i.e., asmentioned earlier, typically less
than 24 h). Short-term use often implies that the distance traveled
for each tripisalsorelatively short. For thisreason, many have seen
a complementary match between electric vehicles and shared-use
systems, particularly commuter station cars (8, 9, 11). Electric vehi-
clesare plagued by issues having to do with inadequate range; they
can only be driven relatively short distances between charges (rela-
tive to aregular internal combustion vehicle) and require longer
periods to recharge. These limitations are somewhat aleviated in a
shared-use vehicle scenario, since trips are often shorter and vehi-
cles can be recharged when idle at holding locations. Furthermore,
most carsharing providers employ severd different typesof vehicles
to provide users with as much convenience and choice as possible.
If electric vehiclesareintegrated into amorediversefleet (e.g., com-
pacts, station wagons, light-duty trucks, etc.), operators and cus-
tomersdo not rely exclusively on one vehicle model or propulsion
system. Thus, in acarsharing program, tripsand vehicles can bewell
matched to purpose, range, and lifestyle.

Given the many synergies among clean-fuel vehicles, carsharing,
and station car programs, in 2001 the California Air Resources Board
(CARB) proposed to award additional zero-emission vehicle (ZEV)
program creditsfor clean carsintroduced into shared-use vehicle sys-
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tems (22), as also discussed by Shaheen et al. in another paper in this
volume. The ZEV program requires large-volume automakers in
Californiato produce clean-fuel vehicles for sale, starting in 2003.
Clean cars covered by the mandate range from pure el ectricsto super
ULEV with no evaporative emissions. CARB’s linkage of technol-
ogy and demand-management strategiesisbased on the belief that a
significant environmental benefit can arise from shared-use vehicle
systems, particularly when low-polluting (e.g., battery electric, com-
pressed natural gas, and hybrid electric) vehicles areintroduced into
transportation systems (e.g., carsharing systemslinked to transit).

SHARED-USE VEHICLE SYSTEM STANDARDS

With the proliferation of various shared-use vehicle systems world-
wide, thereisaquestion asto whether shared-vehicle standards might
bebeneficial. Inthis context, three aspects common to shared-use
vehicle system model s—vehicles, customers, and system operations—
should be considered. Standards can play amajor role in shared-use
vehicle systems, particularly those that employ a high degree of tech-
nology. Not surprisingly, standards would likely have a lesser effect
on smdler scale and low-technology implementations.

Vehicle Standards

Currently, there are many automobile standardsin placethat areimpor-
tant for safety, consistent operation, and the interoperability of com-
ponents. When automobiles are placed in shared-use vehicle systems,
standards might play akey rolein how vehicles communicate with the
overall system and how potential intelligent transportation tech-
nologies (ITT) can be interfaced with the vehicle. As described
earlier, ITT can be employed in shared-use vehicle systems for
smartcard (or key fob) access, automatic door locks, system com-
munications, and navigational aids.

Adopting some degree of standardization could be beneficial to
automakers, sincetheir vehiclescould easily integrate into and oper-
ate more consistently among many shared-use vehicle programs.
Standardswould &l so benefit the manufacturers of shared-usevehicle
system I TT, since they could devel op uniform componentsfor the
growing shared-use vehicle market segment. Nevertheless, it may
betoo early for standards setting in amarket that is still not yet well
defined.

At aminimum, shared-use vehicle operators and vendors should
take advantage of the intelligent (transportation) data bus (IDB)
standards devel opment, which isalready underway. IDB isafamily
of specifications designed specifically for the deployment of ITSand
in-vehicle multimedia devices (23). All IDB technologies can be
networked to achieve optimum performance in low-, medium-, and
high-speed applicationswithin the vehicle. Shared-use vehicle elec-
tronics can also be considered a“telematics” application, whichisa
specific target of IDB market development.

Customer Interface Standards

From the customer’s perspective, it is beneficial for shared-use
vehicle system operators to provide a high degree of interoperability
and consistency among various shared-use vehicle systems, aswell as
withtrangit. A key examplein thiscasewould beasingle access mech-
anism (e.g., smartcards or key fobs) that could be used among many
shared-use vehicle systems and other mobility services (e.g., transit,
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parking management). Billing could also be made uniform across
many programs, so that one monthly bill is received rather than
several from various organizations.

Further, customer operational procedures should aso be as con-
sistent as possible. Customers do not want to relearn awhole new set
of operational proceduresto use anew carsharing system in another
region, for example. As shared-use vehicle systems expand and as
more emerge (e.g., Mobility CarSharing in Switzerland and Ger-
many), user interoperability and consistency will play more critical
rolesin market expansion.

Operational Standards

The last area to consider is system operations. As described earlier,
many shared-use vehicle system model soperateinherently differently
on the basis of their purpose, location, and other key characteristics.
Therefore, it would be difficult to introduce one operational stan-
dard that could span the range of various models. Also, it isimpor-
tant that the introduction of standards not stifle new, innovative
operational methods prematurely.

Nevertheless, thereistill aneed to measure shared-use vehicle sys-
tem effectiveness. Program effectiveness spans many areas, including
modal connectivity, air quality, energy efficiency, and economic via-
bility. Thus, it is critical to collect appropriate data on system opera-
tions to document net benefits. These data include information on
vehicle use, system operation, and user behavior. If dataare collected
in arelatively uniform fashion among programs (while acknowledg-
ing proprietary interests), it will be possible to compare systems, doc-
ument |essons learned, and identify the effectiveness of each. Thus,
standards can also play an important role in defining the types of data
needed for monitoring and evaluation.

SUMMARY

A classification framework has been presented for shared-use vehicle
systems. Thisclassification system can aid policy makers, researchers,
and practitioners in better understanding the various aspects of this
rapidly growing and evolving field. Originally, the two primary con-
cepts of carsharing and station cars emerged separately, but these
concepts are now merging.

Asdemonstrated above, the differences between the station car and
carsharing concepts are blurring as many new systems are evolving
and include characteristics of both. Many new shared-usevehiclesys-
temstoday areindeed hybrid models. Although carsharing and station
cars have somewhat different origins, both are based on the concept
of short-term vehicle use asameans of improving transportation effi-
ciency. The overall effectiveness of these systems can be enhanced
by combining key characteristics of both models.

A primary goal of shared-use vehiclesis to maximize use. One
means of doing thisisto serve as many market segments as possible
in asingle system. In comparing systems, often theratio of vehicles
to subscribersisused asaunit of measurement. Theseratios can pro-
vide one means for determining how effective a shared-use vehicle
system isin eliminating the need for parking spaces and achieving
better land use. To date, carsharing organizations have had much
higher user-to-vehicle ratios than station car systems, for instance.
Other measures are needed to capture VKT reductions, increased
transit use, vehicle ownership changes, emission reductions, and
program viability.
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Furthermore, many believethat clean-fuel vehiclesareagood match
for shared-use vehicle systems because of the potential for increased
air quality benefits that might arise from combined approaches
(i.e., aternative fuel vehicles and demand-management strate-
gies). Not surprisingly, a more extensive database on shared-use
vehicle system models, their corresponding social and environmen-
tal affects, and their economic potential is needed to truly evaluate
the value of such systemsto individuals and society. A shared-use
vehicle classification system has been presented here, using a histor-
ical approach. This can be considered as a starting point to more
formally characterize the range of shared-use vehicle models and
related services, identify dataneeds, and document lessons|earned
to foster the research, policy, and market understanding of this
innovative mobility arena.
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