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Viability of Personal Rapid Transit in New Jersey

and higher load factors. For example, two passengers per vehicle and two second
headways equals 3,600 pphpd. A one second headway with one person per average
vehicle equals 7,200 pphpd. These are competitive capacities with the observed
capacities of all transit modes with the exception of heavy rail systems. The challenge
for PRT is to achieve these headways in a safe and reliable manner. Short headways
have been demonstrated in test track facilities but need verification under various
operating conditions prior to public use.

The actual usage and required capacity of a transit system is influenced by the overall
demand and the level of service provided by the system. The overall demand on the
system varies by the time of day and at each station in the system. The variation in
demand during the day will follow a peaking during the early morning and late afternoon
for systems that primarily support commuter service.

Systems supporting activity centers, airports, and other campuses will have a range of
demand profiles depending on the activities of the application. For all applications, it is
important to size the transit system to support the maximum peak load expected for the
system, usually over a specified time period. Since it is not practical to immediately
serve all passengers when they enter the station with unlimited capacity, transit systems
are designed to meet a prescribed level of service that includes some level of waiting for
vehicles.

Conventional fixed-route, on-line station transit systems are designed to serve peak
demand at a uniform level of service throughout the peak period. For rail systems,
vehicles seek to maintain a constant headway for all segments of the line during the
peak period. The headway of the vehicles and the number of cars in a train or number
of buses used are designed to balance waiting time with the cost of frequent service
and potential unused capacity of vehicles for various sections of the line and lower
demand portions of the peak period. The system must constantly provide a high level
of service independent of the actual variations in demand during the peak period.

PRT systems can be designed to serve the peak demand in a more flexible manner
than conventional transit systems. Rather than all vehicles operating on a fixed
schedule and fixed headway, vehicles operate on demand. The fleet of vehicles would
be sized to handle the peak load for the entire system. During peak periods, vehicles
would operate at the minimum headway necessary to serve demand and adjust to
longer headways automatically during off peak periods.

With on demand service, vehicles would wait at stations or at distributed storage
facilities until needed. Vehicles would operate only if serving a passenger or moving to a
station to support a trip. With off-line stations, the capacity and size of each station is
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designed for the demand at that station. Rather than sizing a station to handle the
longest train as in conventional transit systems, the number of station berths and the
length of the off-line guideway would be designed to handle the specific peak demand
for that station.

The capacity of a transit system is also often described by the daily or yearly loadings
on the system. The daily and yearly figures are influenced by the capacities of each line
in the system, the number of lines, the length of each line, the number of stations, the
demand at each station, and the frequency of service during the weekday and weekend.
This complex matrix of variables makes it difficult to compare the effectiveness or
capacity of specific systems and therefore should be done with care.

Capital Cost Comparison

Similar to overall capacity, the capital costs for fixed guideway transit systems are highly
specific to each application. Capital costs for a transit system are determined by many
factors including the layout and length of the line, the selected technology, the use of
elevated, at-grade or subway structures, the number and complexity of stations as well
as the local conditions and cost factors. Table 7 demonstrates the range of capital costs
for recently constructed or planned transit systems around the country expressed in
total cost per mile.

Table 7 - Example Transit Fixed Guideway Capital Costs

Mode Capital Cost/mile ($M)
Metro Rail
NY City 2nd Avenue Subway $2,000
Los Angeles Red Line $258
Dulles Metro Extension (Wash. DC) $170
Light Rail
Los Angeles Gold Line $65
Minneapolis Hiawatha Line $60
Houston Metro $43
NJ TRANSIT River Line LRT $29
Automated Guideway
JFK Airport Airtrain $148
Seattle Monoralil $150
Indianapolis Clarian $28
Busway
Exclusive average (GAO) $13.5
HOV average (GAO) $9.0

Sources: Respective Transit Agencies and GAO
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As shown in the table, underground metro rail systems in congested urban areas can be
very expensive and are only applicable to the highest use areas. For example, the New
York 2" Avenue Subway is expected to cost approximately $2 billion per mile. Light rail
systems are typically less expensive than metro rail systems but can have quite a range
depending on the degree of land acquisition, bridge and tunnel construction as well as
complexity and frequency of stations. Light rail systems are typically built at grade
consuming street surface area or use existing railroad right-of-way. They also typically
have at-grade, open-platform stations spaced between a quarter and one mile apart
keeping station costs low.

Systems such as the Los Angeles and Minneapolis systems have elevated or
underground sections of the network driving up costs to over $60 million per mile.
Systems built mostly at grade along existing right-of-way can have much lower costs.
New Jersey TRANSIT's River Line cost $29 million per mile to construct.

Automated guideway systems such as airport people movers or urban monorails can
cost $100 million or more per mile due to the use of large structures constructed in
constrained locations. They also can be much less expensive under certain conditions.
The Clarian Peoplemover in Indianapolis for example was constructed at $28 million per
mile using a private development process, rapid implementation techniques and limited
right-of way acquisition.

Busway or Bus Rapid Transit (BRT) is a relatively new transit alternative that uses
advanced buses operating on various degrees of exclusive roadways including
dedicated lanes or high occupancy vehicle (HOV) lanes. BRT systems can have low
capital costs and provide the flexibility of allowing the vehicle to leave the fixed
guideway to serve local areas. BRT can also be very expensive if new roadway lanes
are required or tunneling is used.

As described in Sections Il and IV of this report, PRT systems use small vehicles and
therefore smaller guideways than other large vehicle transit systems. It is reasonable to
expect that the capital costs of constructing PRT systems may be lower than other
grade-separated, fixed guideway rail systems. Lower capital costs would be primarily
attributable to smaller guideways and stations and reduced civil work and material costs
associated with system design and construction.

As also noted previously, PRT only has a history of prototype and test track operations.
This lack of implementation history complicates the ability to accurately predict the
capital costs of a future PRT system. To estimate the capital costs of a PRT system,
the research team collected engineering estimates from the selected PRT developers,
reviewed past costs of historical PRT developments and reviewed past cost studies of
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comparable AGT systems. To the knowledge of the research team, the Cabintaxi
program developed the most rigorous cost information of any program and calibrated
this information against the actual cost for the program’s test track. The Cabintaxi
program also developed estimates for large scale implementations using conventional
estimating techniques. Other cost information included the analysis performed on AGT
systems by the US DOT and the cost estimates developed for the EDICT program.

Using this information, the research team developed a range of conservative capital
cost estimates for PRT and other transit systems shown in Table 8. The range of costs
provides guidance relative to the implementation complexity and the selected
technology. For example, the low range for capital costs are for very simple
implementations with limited right of way requirements and favorable climate locations.
For PRT, the low costs reflect systems such as ULTra that have simple guideway and
station designs and no provision to support severe weather or higher speeds.

Table 8 - Capital costs — Conventional transit vs. PRT
Capital Cost/Mile ($M)

Mode Low Average High
Metro Rail $110 $175- $250 $2,000
Light Rail $25 $50-$70 $195
APM — Urban $30 $100-$120 $145
APM - Airport $50 $100-$150 $237
BRT Busway $7 $14-$25 $50
BRT Tunnel $150 $200 - $250 $300
PRT One Way $15 $20-$30 $40
PRT Two Way $25 $30- $40 $60

Sources: Kerr 2005, TCRP R90, GAO 2000, Vendor estimates & case studies

The high cost figures represent applications constructed in the most complex, dense
urban environments with high cost factors such as New York City. The average figures
can be used as planning guides for most moderately sized and complex applications.
The PRT capital costs are estimates for system implementations completed after the
first pilot systems are developed and manufacturing efficiencies are achieved. Itis
expected that the first PRT systems may have higher costs than listed in Table 8 due to
development issues and initial manufacturing start-up inefficiencies.

PRT systems can be constructed with one-way or two-way guideways or a combination
of both. PRT capital costs are listed for one-way or two-way configurations. Using one-
way guideways formed into networks, similar to one-way streets of a downtown, a PRT
system is able to minimize overall impact for a given location while maximizing access.
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This configuration also provides broader transit coverage with an increased number of
stations than a simple corridor layout.

Placing PRT lines along major parallel and intersecting arterial roadways rather than
along a single arterial is practical, however, only if the capital costs of each line are low
enough to warrant the distributed access. The system must also be able to support
sophisticated network management and reliable, rapid switching needed for network
operation. PRT systems appear ready to support these lower costs and ability to
handle network operations. PRT systems can also support two-way guideways with
parallel beams in a conventional configuration if needed by application requirements.
Most PRT application studies have used one-way guideways to provide the benefits of
additional coverage and minimal impact. The Cabintaxi system provides the unique
over/under configuration for two-way service with a single guideway beam.

The range of system costs and configurations will vary considerably depending on local
conditions and unigue system requirements. For example, a PRT system that must be
elevated over many surface structures and support very complex stations could be
much more expensive than a light rail system that uses an existing railroad right-of-way
with infrequent stations. However, as shown in Table 8, assuming PRT cost estimates
can be realized, average PRT capital costs may be equal to or lower than most
comparable fixed guideway transit systems. For example, on average, a PRT system
could be expected to be half as expensive as a comparable light rail system. This is
due to the lower expected right-of-way costs, lower need for civil work, lower expected
manufacturing costs, and lower construction costs.

PRT systems can also be expected to cost between 30-75 percent less than
comparable people mover or monorail systems. This is due to the smaller guideway
structures, lower civil and integration efforts, and smaller stations required for the PRT
system. PRT systems are expected to be more expensive than a comparable BRT
system if the BRT system uses the existing roadway infrastructure. If additional travel
lanes are needed or if substantial infrastructure improvements are needed to support
the BRT system, the costs could be comparable or higher than a PRT system.

Operating and Maintenance (O&M) Costs Comparison

The operating and maintenance (O&M) costs for a transit system are highly dependent
on a number of factors including the ridership, level of service, efficiency, scale,
selected technology, and management practices of the system. To normalize the O&M
costs across many systems and technologies, the total O&M costs of a system per
passenger mile provides an effective measure of total system cost effectiveness.

Figure 44 presents national and NJ TRANSIT O&M costs for conventional transit modes.
Figure 44 also presents the O&M costs for the Morgantown system (referenced as M-
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town), the average for APM systems, as well as the expected cost range for PRT
systems. The PRT cost estimates are based on previous engineering studies, vendor
estimates and comparable APM systems.

$1.20
. 1.01 1.00
€ $1.00
g $0.80 Notes: NJT = NJ
o TRANSIT, M-town
& $0.60 = Morgantown
» Group Rapid Transit
S $0.40 System
=
2 $0.20 A Source: 2005
APTA Transit Fact
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Case Studies,
o)@ PRT Vendors
S

Figure 44 - Operations and Maintenance costs per passenger mile

As shown in Figure 44 , O&M costs per passenger mile (OMCPPM) can range from as
low as $0.33 per passenger mile for commuter and metro rail services to more than
$1.00 for NJ TRANSIT operated light rail services and the Morgantown system. The
commuter and metro rail system costs are low due to many factors including the long
history of these systems and the efficiencies gained over many years of system
improvements. These systems are also typically quite large with significant ridership
allowing fixed costs to be spread over the ridership base. The light rail and Morgantown
systems are much smaller scale systems and therefore must spread fixed costs over a
smaller ridership base resulting in a higher OMCPPM. Bus systems have higher
OMCPPM than rail systems due to higher staffing costs from higher operator to vehicle
capacity ratios. Automated people mover (APM) systems typically have lower
OMCPPM than bus systems due to reduced operator costs. They have higher
OMCPPM than rail systems due to the typically smaller scale of the systems and
therefore lack of economies of scale.

PRT systems can be expected to offer comparable OMCPPM levels to heavy and
commuter rail systems if they are deployed effectively, have achieved a level of maturity
and scale of deployment similar to moderately sized metro system. PRT systems are
expected to offer equal or lower OMCPPM levels than APM systems. This is due to
higher expected levels of automation reducing staffing needs, the use of on-demand
service reducing energy use and vehicle wear, and the use of advanced components
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such as linear motors that require less maintenance and repair. As with any transit
system, PRT systems could experience comparatively high OMCPPM levels if they are
deployed in a limited scale with small patronage demand. The Morgantown system is
an excellent example of a very efficient operations and maintenance organization with a
total O&M budget of only $3.4M that is supporting a small annual ridership of two million
passengers and 3.5 million passenger miles (Hendershot 2005).

Cost Recovery and Break Even Fares Comparison

The costs for public transit services are borne through a variety of revenue streams. In
the United States, the capital costs of almost every public transit system are fully
recovered by tax-based capital grants from federal, state and local governments. Little
if any capital costs are recovered from passenger fares. The operating costs for transit
systems are typically recovered by a combination of passenger fares, operating
subsidies from local and state governments, dedicated tax revenue for the transit
authority and supplemental revenue generated by the transit authority through
mechanisms such as advertising, parking fees, and joint development or access
programs. Maximizing operating cost recovery through fare collection is an important
goal of any transit operations plan.

The US national average and NJ Transit O&M costs and cost recovery of various transit
modes are shown in Error! Reference source not found.. Error! Reference source
not found. also includes the cost recovery for the Morgantown system (referenced in
the table as M-Town) and an example cost recovery scenario for a PRT system.

$ per Trip
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Figure 45 - Average O&M cost recovery rates
Source: 2005 APTA Transit Fact Book, NJT, FTA, Case Studies, PRT Vendors
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Table 9 provides additional detail on these O&M costs as well as the total O&M and
capital costs for the conventional modes as reported by the 2005 APTA Transit Fact
Book. From Table 9, it is observed that that US average transit trip generates $0.97 in
revenue and has an O&M cost of $2.85 resulting in a 34 percent O&M cost recovery.
For NJ Transit, the average trip generates $2.39 in revenue and has an O&M cost of

$5.11 resulting in a 47 percent O&M cost recovery. The NJ TRANSIT figures are
higher than the national average due to the higher average trip length from the high
percentage of commuter rail service provided.

Table 9 - Average O&M costs and revenue per trip and passenger mile

Overall Commuter Rail Bus Light Rail M-town  PRT
NJT us NJT us NJT us NJT us

Average Trip Length 115 51 24.8 23.3 6.2 3.7 3.6 44 1.7 4.0
(mi)
Revenue/Trip $239 $0.97 $439  $3.79  $160 $0.75 $1.01 $0.68 $0.50  $1.60
O&M Cost/Trip $5.11 $2.85 $820 $7.76  $3.73 $2.68 $4.13 $241 $1.71  $1.60
Revenue/Pass-mi $021 $0.19 $0.18 $0.16 $0.26 $0.20 $0.28 $0.16  $0.30  $0.40
O&M Cost/Pass-mi $0.44 $056 $0.33  $0.33  $0.60 $0.72 $1.13 $055 $1.00  $0.40
O&M Cost Recovery — 47%  34% 54% 49% 43%  28% 24% 28% 29%  100%

Total Cost/Trip $8.78 $4.25 $15.13 $13.80 $4.13 $3.25 $40.22 $9.30
Total Cost/Pass-mi $0.76 $0.84  $0.61 $0.59 $0.66 $0.87 $1359 $2.13

Notes: NJT = NJ TRANSIT, M-town = Morgantown Group Rapid Transit System
Source: 2005 APTA Transit Fact Book, NJT, FTA, Case Studies, PRT Vendors

Note from Table 9 that commuter rail services are able to generate much high O&M
cost recovery ratios than bus or light rail service. This is generally due to the premium
level of service provided and the competitiveness of the commuter rail service with the
private automobile. Table 9 also demonstrates the total cost for a transit trip is $4.25
nationally and $8.78 in New Jersey compared with the revenue of $0.97 and $2.39
respectively.

To determine the cost recovery and break even fare for a PRT system, a hypothetical
example is provided using the average O&M costs projects for a PRT system previously
shown as $0.40 per passenger mile. From Table 9 it is seen that the average trip on
light rail and bus systems for the US and New Jersey is approximately four mile. Itis
also seen that the average bus revenue per trip in New Jersey is $1.60. Therefore, a
PRT system with an average fare of $1.60 and average trip of four miles would have a
total O&M cost of $1.60 or a 100% cost recovery ratio. If the PRT system used a length
of trip fare structure of $0.40 per vehicle mile and charged a fare per vehicle, every trip
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would have 100% O&M cost recovery. Many alternative scenarios are possible and
would need to be studied for each implementation.

Ridership and Congestion Comparison

According to the US Bureau of Transportation Statistics, transit systems nationally
provided 4.4 percent of all commuter work trips in 2003 (BTS 2003). The automobile
provided 88.1 percent of all work trips in 2003 with single occupant automobiles
provided 79.4 percent of all work trips. According to the 2000 US Census, New Jersey
commuters selected transit for 11.6 percent of all work trips. This higher percentage of
transit trips is due in part to the largest state-wide transit system in the country operated
by NJ Transit and the influence of transit commuting into New York City.

NJ Transit provides over 800,000 daily trips and almost 2.6 billion annual passenger
miles. According to the Texas Transportation Institute, the New Jersey and New York
metropolitan area ranks as 18" most congested area in the country. Despite the large
transit network, the average New Jersey and New York driver spends 49 hours per year
delayed in traffic. This compares favorably with Los Angeles where the average driver
spends 93 hours per year delayed in traffic but is still above the desired levels of delay

The ability of a transit system to attract ridership and address congestion is directly
related to the relative attractiveness and accessibility of the system compared with other
modes of transportation. Travelers are economic consumers. They generally choose a
certain mode or travel that maximizes their preferences across many factors. The
relative ability of PRT to address these factors to reduce congestion and increase
ridership compared with other modes are discussed in qualitative terms in the following
sections.

Attraction Factor - Speed

PRT systems can support applications as a stand-alone mode of transit such as a
circulator for a campus or as part of an integrated multi-modal transportation system.
PRT systems can provide the primary transit service for an area similar to light rail or
they can be a supplement to other transit systems providing increased access to a train
station for example. As a primary mode of transit and as demonstrated earlier, a PRT
system could potentially have higher average speeds than most other modes of transit
and therefore could attract higher ridership than other modes for comparable system
alignments and station locations. For short to medium length applications in congested
areas, it is also expected that the average speed of the PRT system would be
comparable or superior to the automobile. This higher average speed for demand
points served by the PRT system will attract more riders and therefore could potentially
reduce congestion along corridors between the demand points.
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Where PRT is part of a larger transit infrastructure such as providing access to a train
station, the PRT system can make the overall transit trip faster and therefore more
attractive for riders. In congested areas, the combined transit trip could be faster than a
similar automobile trip for demand points that are served by the combined PRT and
train system.

The relative speed and therefore attraction of a PRT system or combined PRT/rall
system will be highly specific to each location and local demand patterns. In nearly all
comparisons reviewed in this study, PRT systems were modeled to be faster and
therefore more attractive than other transit systems for comparable alignments. PRT or
combined PRT/rail systems would theoretically also have higher average speeds than
comparable automobile trips in congested areas and therefore could have a positive
impact on reducing congestion.

Attraction Factor - Cost

As with any fee or fare-based service, demand for that service is influenced by price.
All else being equal, if a transit trip is priced at a low level, it will most often generate
more ridership than if the trip is priced at a higher level. The price of a PRT trip is
determined by the total operating and maintenance cost of running the system and the
degree of cost recovery sought by the operating agency. Many transit agencies keep
fares low to encourage ridership and have adopted policies that assume fare subsidy.
In some cases, commuter transit agencies charge higher fares for commuter service
due to the competitive nature of the service with the automobile. PRT operating
agencies can expect a range of conditions that will direct fare policy which will in turn
affect ridership.

If a PRT system designed with high levels of transit coverage and access in an area
with high travel demand would be expected to attract high levels of ridership and
therefore potentially reduce congestion. The operating agency may choose to
implement a low fare to further increase this attractiveness or charge a premium fare
reflecting the premium service. If a PRT system is implemented with limited coverage
and access, it will have lower utility and therefore may require a lower fare to maintain a
certain level of ridership. There is a critical level for each application that balances the
economics of building and operating the system, ability to charge fares commensurate
with service, and ability to provide service levels responsive to demand. The degree of
economic elasticity in fare structure will be different for each application.

Attraction Factor - Comfort

As conceived, PRT is designed to provide a private travel experience in a seated
environment in a smooth and quiet manner. The PRT trip could potentially be more
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comfortable than any other modes of transportation since there is no need to travel with
strangers, everyone would have a seat, the vehicle would operate on a smooth
guideway with controlled propulsion and braking and would not need to stop along the
trip. If these conditions are met, PRT would generally be more as or more attractive
than other modes from a passenger comfort perspective. As such, it might be expected
to attract higher ridership.

Areas of concern would be the ability of the PRT vehicle to maintain acceptable climate
conditions, the ride comfort of the vehicle-guideway interface, and the comfort of
passengers riding on an elevated structure. Some of the PRT systems reviewed for this
study did not provide a full climate control system. This will be necessary for
applications in places where ambient air temperature and weather conditions fluctuate
in winter and summer months. PRT systems have the theoretical capacity to achieve
high ride comfort but will need to further develop and test vehicle suspension systems
and guideways to achieve high ride comfort levels. Finally, some passengers may not
initially be comfortable riding in a small vehicle on an elevated guideway and may resist
using the system or require a transition period to develop a comfort level with the
experience.

Attraction Factor - Access

The attractiveness of a transportation system and therefore its ability to attract riders
and reduce congestion is directly related to the level of access is provides. Like a
telephone system, it is only useful if a traveler can use it to travel from the desired origin
to the desired destination or within a relatively easy walking distance of these locations.
PRT systems can be a primary mode of travel or can supplement another mode of
travel such as a commuter rail system. The ability of the PRT system to provide access
to a wide variety of points of interest or demand generators is directly related to the
capital cost and scale of the system. Since PRT systems have potentially lower capital
costs than other fixed guideway transit modes, the same level of investment can provide
more stations or points of access than other transit modes for the same cost. This
flexibility to provide potentially more points of access may increase the attractiveness
and overall utility of the PRT system to a potential users.

A 1973 study by the Aerospace Corporation compared the access provided by a
conventional rail and busway transit system with a PRT system for the Los Angeles
metropolitan region. The rail and busway system was designed with 116 route mile of
rail, 24 route miles of busway and 61 stations. If built today, that system would cost
$15.2 billion adjusted to 2006 dollars. A comparable PRT system was also designed
along the same corridors as the rail/Busway system but was expanded to area-wide
service in the corridors. The concept design for the PRT system had 638 one-way
guideway miles and 1084 stations. Adjusted to 2006 dollars, the system would cost
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$7.9 billion to construct. Both systems were designed to support 1,000,000 daily riders
yet the estimate cost of the PRT system is half as much as the rail/bus system.

Attraction Factor - Safety and Security

Conceptually, PRT systems could have a higher degree of safety than the automobile
and equal to or higher than conventional transit systems. This higher degree of safety
would result from higher levels of automation and monitoring, controlled access to the
vehicles and controlled access to the guideway. PRT systems would also provide a
new model for station operations and personal travel that may increase personal
security. Since vehicles generally wait at the station, passengers can quickly move
through a station and into their vehicle with less risk of falling victim to criminal activity.
In addition, passengers would travel in a private vehicle, not requiring contact with
strangers. This may provide a level of personal security similar to a private automobile.
This higher level of safety and personal security could increase ridership and potentially
reduce congestion.

Attraction Factor - Availability

A recurring theme with the implementation of Intelligent Transportation System
technologies is the use of customer information systems to provide travelers information
on the status of the transit system or the time of arrival of the next vehicle. In the
traveler’s mind, this information can reduce uncertainty about transit system
performance and encourage usage. In a PRT system, vehicles wait at stations for
personal use, this reduces the need to worry about schedules, missing a train or the
anxiety of running to catch the next bus. If achieved, this operational model may be
more attractive than conventional transit systems thereby attracting higher ridership.

Congestion and Ridership Case Studies

To truly understand the ability of a mode to impact congestion requires a
comprehensive analysis of the specific conditions of an application. Modeling and
patronage studies provide insight into each application if done with care using the
appropriate parameters and accurate information regarding current and future travel
conditions. Many past modeling studies that have attempted to project demand for PRT
systems have not accurately portrayed PRT operational and cost parameters or have
made assumptions that do not favor the PRT system. Other studies have been
performed that too optimistically portray PRT characteristics and costs and therefore
portray PRT in a more favorable than realistic condition. Unfortunately, modeling and
forecasting is an inexact process sometimes influenced by political or other
considerations.
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The following are examples of past ridership forecasting studies, intended to model
potential demand for PRT services:

Seattle SeaTac MIS Study: This Major Investment Study (MIS) looked at
transit alternatives to circulate airport travelers around Seattle-SeaTac airport
and connect the airport to the regional rail system in SeaTac, WA. PRT was
selected as the preferred local alternative. The study determined that a PRT
system could reduce overall surface traffic by 9% in the study area. The study
recommended the use of a franchise arrangement for the system and a
public/private development process.

Cincinnati Central Area Loop: This study examined implementation of PRT as
a downtown circulator and cross-river connector in Cincinnati, Ohio. The study
projected PRT to have ridership 3-5 times higher than alternative modes
providing 17-32,000 trips per day.

EDICT — Sweden Kungens Kurva: This study examined PRT and other transit
options to serve a large shopping area seeking to reduce congestion, improve
travel time and connect with a regional rail system. It studied a PRT network
with 7.5 miles of guideway and 12 stations. The system was projected to result
in a 26 percent reduction in average travel time, a 300 percent increase in
ridership over bus, a 17 percent increase in overall area demand due to
improved transit service, and an 8 percent reduction in road traffic. Capital costs
for the PRT system were projected to be 35 percent less than comparable fixed
guideway modes and operating costs were projected to be 60 percent less.

EDICT - Cardiff Wales: This study explored the viability of implementing PRT
in support of redeveloping the docklands next to the city center. It included
considerable economic modeling and traveler acceptance testing of the PRT
technology. The five mile PRT network was projected to serve 5.7 million trips
per year, increase transit mode share by eight percent and provide for a 348,000
person-hours/year reduction in area-wide congestion.

Environmental Comparison

PRT systems are expected to have relatively favorable environmental impact factors.
The vehicles are expected to have very quiet operation primarily due to rubber tire on
steel rails or concrete roadways. The use of electric motors also reduces the noise
generated compared with automobiles or buses. Average noise levels from the
Cabintaxi system were measured at 60 to 65dBA with the lowest level measured at 43

dBA.

PRT systems can also be expected to have lower air pollution than bus systems

due to the use of all electric operation. PRT systems will potentially have lower
construction impact that a comparable fixed guideway system due to the use of smaller
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structures and prefabricated components. PRT systems will have reduced visual
impact that a comparable monorail, automated guideway or conventional rail due to a
smaller guideway profile. PRT systems will have higher visual impact than surface
systems. This visual impact can be reduced by the integration of features such as
street lighting as well as the use of decorative covers to match the local architecture.

Energy Comparison

The energy consumed by various transportation modes is influenced by many factors,
including: speed of travel, number of starts and stops, vehicle size and weight,
passenger loading factors, propulsion system efficiency, and use of auxiliary power. To
compare the energy consumed by a range of transportation systems, Anderson (1988)
analyzed the energy use for each element of the system and combined them into a
normalized factor of energy use per passenger-mile.

Figure 46 provides the results of his analysis for Heavy Rail Transit (HR); Light Rail
Transit (LR); Trolley Bus (TB); Motor Bus (MB); Van Pool (VP); Dial-a-Bus (DB);
Automobile (A); Personal Rapid Transit (PR). As shown in the table, PRT systems
theoretically would use less energy per passenger-mile than all other modes except van
pools. This low energy use profile is primarily due to the non-stop nature of PRT
service which results in low kinetic energy use from stopping and starting the vehicle.

With the current level of energy prices and the concern over dependence on imported
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Figure 46 - Transportation Energy Use Comparison
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foreign oil, the increased energy efficiency of PRT over the automobile and other modes
makes PRT an attractive environmental, economic, political alternative.

According to Anderson (2005) an average fuel efficiency of an automobile is 20 to 30
mpg. A PRT system could theoretically achieve an fuel efficiency equivalent to 70-90
mpg. Under electric propulsion, generation could be from conventional coal, nuclear or
petroleum plants or alternative sources such as solar, wind or fuel-cell technologies.

Right-of-way Comparison

PRT systems are generally elevated and will require: aerial right-of-way for the
guideway; surface right-of-way for foundations, columns and barriers; aerial and surface
right-of-way for stations; and surface right-of-way for central facilities. The PRT
guideways reviewed in this study were as narrow as three feet wide to as a large as
seven feet. This compares with conventional transit elevated guideway structures that
can range from 20 to over 30 feet wide. A scaled comparison of one-way ULTra PRT
LRT guideways is shown in Figure 47. The total aerial guideway rights will be primarily
be determined by the width of the guideway, the offset required from the guideway for
safety, noise and vibration and the radius of f
the guideway through a turn. PRT guideways
are expected to have smaller aerial guideway
requirements that all other elevated transit .
systems due to the small guideway size, lower I ‘ \ -

noise and vibration levels and smaller turning
radii allowed with seated passengers.

The surface rights for foundations and barriers
will be determined by the size of the system,

the preferred span between columns, the offset £ 47 - LRT and PRT Guid

of the guideway from the columns and the local 'gure &7 - c and uideway
. . omparison

requirements for barriers and offset. PRT

systems are expected to have the smallest surface rights requirements of any elevated

transit system due to smaller guideway weight and reduced need for column and

foundation size.

PRT stations are expected to have smaller station right-of-way requirements than
conventional transit systems due to the ability to size each station to the local demand
and the continuous flow operation of the station. Rather than sizing each station to
handle the longest train in operation as required with conventional transit, PRT stations
are only sized to handle the demand at the station by adjusting the number of loading
berths and off-line guideway needed at each station. This allows a reduction in size for
lower demand stations. PRT stations would also be smaller in general than
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conventional transit stations since passengers are constantly moving through the
station. Large spaces should not needed to congregate people waiting for the next train
or bus since vehicles are constantly arriving and departing the station.

PRT systems are expected to be installed along the median or curb-line of major arterial
roadways and have low surface right-of-way requirements and little or no reduction in
the surface street utilization. This compares with LRT or BRT dedicated lane systems
that can consume one or two roadway lanes as well as surface parking.

Summary

Based on the above comparisons, it appears that PRT systems may have a number of
theoretical benefits when compared to conventional transit modes. Theoretical benefits
may include:

= Faster average travel speed and shorter overall trip times for comparable trips;

= Comparable system capacity for low to moderate demand applications;

= Lower or comparable capital costs than other fixed guideway systems;

= Lower or comparable operating costs;

= Greater potential for O&M cost recovery through fares;

= Higher ridership and congestion relief potential than comparable systems;

= Lower energy use and environmental impact;

= Lower right-of way requirements than other fixed guideway systems;

= Higher levels of personal safety and security.

These benefits are predicated on the assumption that PRT technology development
achieves the goals described in Section V of this report. As discussed in Section V,
PRT technology development is progressing with limited funding and without any
coordinated support or endorsement of a major public entity. The theoretical benefits of
PRT are fully within the state-of-the-art of current technology but require the rigorous
and methodical application of systems engineering to achieve the proper balance of
performance, cost, service, safety and security. Many past PRT technology
development programs have attempted to demonstrate these benefits but have not
been successful in one of more areas. Further research and development activities are
still needed to demonstrate the promise of PRT and to realize its potential benefits.
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VII: POTENTIAL PRT APPLICATIONS IN NEW JERSEY

Many factors can affect the viability of transit in specific locations. Key determinants of
transit feasibility include population, employment and household density, as well as
other factors such as household income, automobile ownership rates, land use mix, site
design, and even the quality of the pedestrian environment in a particular area. New
Jersey is the most densely populated state in the Nation. According to the 2000 U.S.
Census, the State had an average population density of more than 1,100 persons per
square mile. Many parts of the State, including much of Bergen, Essex, Union
Middlesex, Mercer and Camden Counties as well as parts of Passaic, Somerset,
Atlantic, Gloucester, Ocean and Monmouth have population, employment and
household densities that support some level of transit service. As a rule-of-thumb,
those places with higher density, lower average incomes and lower levels of automobile
ownership are generally the most transit supportive.

For this study, the research team conducted a qualitative analysis to examine the
potential for PRT implementation in New Jersey. The analysis, which is described in
the following subsections, was not a detailed investigation or feasibility assessment of
specific PRT applications in specific locations. Rather, it considers the types of New
Jersey locations that might be appropriate for future PRT applications and explores the
potential costs and benefits of PRT, as identified in the literature, within the context of
two illustrative case-studies. NJ TRANSIT’s Transit Score Index, which is described in
the following subsection, and the mode comparisons described in section five provide a
framework for the analysis.

NJ TRANSIT's Transit Score Index

To help guide transit service planning and investments in New Jersey, NJ TRANSIT
developed a “Transit Score” index that measures transit potential throughout the State
at the census tract level. The Transit Score is “a numerical index, which is based on the
composite average of four factors that influence the potential for transit ridership. The
four factors that comprise the Transit Score are: household, population and
employment density and zero and one-care household density” (Marchwinski 2000).

The Transit Score index is used as a “planning tool” that informs the transportation
planning process in the State. Table 10 provides an overview of how the Transit Score
index applies to various modes of transit in different areas. Table 11 describes the
investment criteria and transit feasibility conditions that correspond to different Transit
Scores and fixed guideway transit types; and Figure ___ depicts a map of the Transit
Scores calculated by NJ TRANSIT for census tracts across the State. (This map has
been requested from NJ TRANSIT)
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Table 10 - Transit Score applicability for fixed guideway
and service/intermodal investments by area

Transit Investment Category Transit Score Category by Area

High Med- High | Medium Marginal Low

Fixed Guideway Transit by Type

Rapid Transit

High Capital Cost Electric Light Rail (LRT)

Medium-low Capital Cost Electric LRT

Commuter Rail Terminal

<[OOO|I0
(@]
OI

Commuter Rail/Diesel LRT

Monorail/Personal Rapid Transit (PRT) | = ==--eeemmmmemoeeeees SPECIAL CASE ---------eremmmeeennaes

Ferry C

C
Recreational Transit C C
Bus Lanes — Limited Access Roads C

Bus Lanes - Arterial Roads

<|o|<|o|=<

O
oli
O

Bus Priority Treatment

Bus Service Potential / Other Transit

Express Bus as a Destination/Terminus

Express Bus — Walk Only Access

f<|o
<|=<|i

Express Bus — Park & Ride Access

High Intensity Local Bus Service

Medium Intensity Local Bus Service

bl=<]=<

Minimum Intensity Local Bus Service

Local Circulator Bus - Rural Center

Local Social Service Transport/Paratransit

Mini-bus with Line Haul Transit

Mini-bus Express Suburban Service

ol<|o|<|i
<lo|<|<|<|<|<|}
<|i|o|<|olo]!}

Vanpools & Vanpool Subsidy

Intermodal/Access to Transit

Shuttle Bus to Line Haul Transit (walk Y C C
access)

Shuttle Bus to Line Haul Transit (remote C
parking)

Structured Park & Ride C C

Surface Park & Ride for Rail/LRT/Ferry C Y Y Y
Multimodal Terminals Y C

Notes: Y = Yes, applicable with no conditions; C = Conditional, applicable if conditions are met; ---- = Not
applicable or warranted. See Table 11 for detailed conditions and criteria.

Source: The 2020 Transit Score Report: Possibilities for the Future (NJT 2000)
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Table 11 - Transit Score detailed investment criteria and conditions

Transit Fixed Guideway Transit Feasibility Bus and Other Transit Service | Intermodal Access to
Score Conditions Criteria Transit
Category
(Score)
High 1. Rapid Transit — Only if direct 1. Express Bus Service —Only | 1. Major Multimodal
(9+) connection to Philadelphia or to areas as a destination or Terminals
Manhattan or 150,000+ jobs in terminal if 60,000+ jobs in 2. Limited Park-Ride
center. center or municipality. Facilities in structured
2. Commuter Rail as a destination or 2. High Intensity Local Bus parking.
terminal - Only if a regional center Service - All day service 3. Bus/rail Transfer Centers
with 60,000+ jobs. span (16-24 hours) with and feeder bus services
3. High Capital Cost Electric LRT - average 20 minute frequency
33% of line can be in tunnel or over the span of a day.
elevated. Must have 30,000+ jobs in | 3. Ferry Service — Only to high
center or municipality, 60,000 jobs score areas with 60,000+ jobs
preferred. and fixed guideway or local
4. Medium/Low Capital Cost Electric transit connecting service.
LRT — Must have 30,000+ jobs in 4. “Wheels” Type Express Mini-
center or municipality to be a bus - Only from High Score
terminal for line. areas to suburban
5. Bus Priority Treatment — On major employment centers with
arterials with 40+ buses/peak hour 30,000 + jobs.
direction. 5. Vanpools and Vanpool
6. Bus Only Ramps/Lanes — On limited | ~ Subsidies — Only if they do
access roads/connectors to regional not compete with existing
centers with 60,000+ jobs. transit.
Medium- 1. Commuter Rail/Diesel LRT — Must 1. Express Bus Service — with 1. Shuttle Bus (walk
High connect to High Transit Score area primary walk access to High access) to Rail, LRT or
(3-9) with 30-60,000 jobs in Transit Score area. Express Bus — Only if

center/municipality.

2. Medium/Low Capital Cost Electric
LRT - At least 50% of the line must
be on pre-existing rail/utility/median
etc. right-of-way. Must connect to
High Transit Score area with 30,000
+ jobs in center/municipality.

3. Bus Priority Treatment — Queue
jumps/bus pull-outs with 6+ buses in
the peak hour on Arterial roadways
and in conjunction with new
development. Bus lanes and peak
direction bus only use of shoulders
as in High Transit Score areas.

2. Medium Intensity Local Bus
Service — Majority of day
span (12-18 hours), with
average 30 minute frequency.

3. “Wheels” Type Express Mini-
bus — to suburban
employment centers from
line-haul transit and local
area.

minimum 500 peak
period boarding riders at
stop.

2. Structured Parking for
fixed guideway transit —
Only if 1000+ peak
period boarding riders at
stop.

3. Surface Park-Ride — For
all other fixed guideway,
express bus, or ferry
services.

4. Local Bus Transfer
Points

Source: The 2020 Transit Score Report: Possibilities for the Future (NJT 2000)
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Table 11 - Transit Score detailed investment criteria and conditions (continued)

Transit Fixed Guideway Transit Feasibility Bus and Other Transit Service | Intermodal Access to
Score Conditions Criteria Transit
Category
(Score)
Medium . Commuter Rail/Diesel LRT — Must 1. Minimum Intensity Local Bus | 1. Shuttle Bus (walk
(2-3) connect to High Transit Score area Service — Span 8-12 hours access) to commuter rail,
with 60,000+ jobs in per day, with average LRT or express bus —
center/municipality. frequency of 30-60 minutes Only if minimum 500
. Medium/Low Capital Cost Electric over day. peak period boarding
LRT - Same as Medium-High and | 2. Local Circulator Bus Service riders at stop and gross
must be surrounded by a minimum in suburban and rural centers. housing density of 2+
of Medium-High Transit Score areas. Span 8-12 hours per day with units per acre.
. Bus Priority Treatment — Same as average frequency of 30-60 | 2. Remote Parking and
Medium-High, except limited to minutes. Shuttle Bus to commuter
Primary Arterial roadways suchas | 3. “Wheels” Type Mini-bus rail, LRT, or express bus
State highways with Level of Service Service to suburban if housing density is not
“D” or worse during peak hours. employment centers from met.
. Recreational Transit - Rail, Express line-haul transit service. 3. Surface Park-Ride — Only
Bus, or Ferry service to seasonal Preferred minimum of 10,000 for express bus,
tourist areas as a destination. Must jobs in employment center. commuter rail or ferry
have a minimum 30% of housing 4. “Wheels” Type Express- except in constrained
units in seasonal units and 1500 “Reverse” Service to areas with 1000+ peak
seasonal units in municipality. suburban employment period riders.
. Ferry with Park-Ride access to High centers with 30,000+ jobs.
Transit Score areas with 60,000+
jobs in center or municipality
Marginal . New Commuter Rail stations — Only | 1. Peak Period Only extensions | 1. Surface Park-Ride for
(0.5t01) with service to High Transit Score of Local Bus Routes — express bus and

areas with 60,000+ jobs.

. Extensions of existing Commuter

Rail lines — Only to High Transit
Score areas with 60,000+ jobs.

Service span of 4-6 hours per
day, with a frequency of 30-
60 minutes.

2. Peak Period Only Mini-bus
Shuttles from line-haul transit
to local employment centers
with a minimum of 10,000
jobs.

3. Local Circulator Bus service
in areas adjacent to rural
centers to serve large trip
generators such as malls and
apartment complexes.
Service span of 8-12 hours
per day.

commuter rail only.

Source: The 2020 Transit Score Report: Possibilities for the Future (NJT 2000)
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Areas Potentially Appropriate for PRT in New Jersey

Historically, PRT applications have most often been considered as a means of
circulating passengers within areas with reasonably high levels of transit demand.
Applications considered in PRT feasibility assessments have included: circulator
services in Central Business Districts and within activity centers, campuses and
airports; neighborhood connector services, feeder services to existing transit
stations/hubs, and connector/distributors from satellite or remote parking facilities.
These places generally have sufficient travel demand to support higher capital cost
transit service and/or levels of localized congestion or other conditions (e.g., limitations
on available parking) that make private automobile use less attractive.

As demonstrated in Section VI, PRT has the theoretical system capacity to
accommodate ridership similar to most light rail and bus rapid transit applications with
potentially lower capital costs and more personalized service. Using off-line stations and
non-stop trips, a PRT system can provide faster overall service than comparable modes
and therefore increase the attractiveness of transit service versus the private
automobile.

While not historically viewed as such, PRT could be considered as a service
complement and/or an alternative to light rail and bus rapid transit service. In addition,
while not a primary focus of the technology, depending on system demand factors, PRT
could potentially be considered as an alternative to longer distance line-haul transit
services such as commuter rail or intercity bus services if the line speed of the system
was adjusted for longer distance applications.

As shown in Table 10, NJT’s Transit Score Index treats the feasibility of PRT as a
“special case.” However, one can infer from the tables the types of locations in New
Jersey that may be appropriate for PRT by considering the estimated cost of PRT
relative to the other fixed guideway modes treated in the Transit Score Index. As
described in Section VI of this report, PRT capital costs are estimated to average $20-
30 million per mile of guideway. Using the Transit Score Index as a guide, this is
analogous to low capital cost LRT. Although there are many factors that determine the
viability of transit in any particular location, those places in New Jersey where low to
medium cost LRT is most feasible include areas with High and Medium-High Transit
Scores, where transit demand is likely to be high enough to support the capital
investment associated with fixed guideway services.

Although PRT is treated as a special case in the Transit Score Index, it can be inferred
from the Index that those places that are potentially most appropriate for PRT
applications might include those areas with a current or projected Transit Score of
Medium-High to High that connect to an area with a High Transit score having 30,000+
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jobs in the municipality or center. Depending on specific local conditions, in the context
of PRT, this may include a PRT system that operates within an area that has a High
Transit Score or a PRT system that operates within an area that has a Medium-High
Transit Score and provides an intermodal connection to a High Transit Score area via a

line-haul transit service such as commuter rail.

Table 12 provides a partial list of municipalities that are projected to have a Transit
Score in the High to Medium-High category and meet the Transit Score Index criteria
and conditions to potentially support low to medium cost fixed guideway transit service.
It is important to remember that the Transit Score and its associated criteria and
conditions are intended as a planning tool only. Implementation of any transit service,
including PRT, should be considered only after a comprehensive feasibility assessment
and alternatives analysis has been conducted in the context of local conditions.

Table 12 - Areas potentially appropriate for PRT applications

2020
Area Type Transit Employment | Municipalities
Score Forecast
Urbanized High 30,000 + Newark*, Jersey City*, Atlantic City* Trenton*,
Areas Paterson, Camden, Elizabeth, Secaucus,
Hackensack, Morristown
*Municipalities with greater than 60,000 jobs
Suburban Medium High 30,000+ Paramus, Wayne, Clifton, Edison,
Employment Woodbridge, Piscataway, Bridgewater-
Centers Raritan-Somerville; Cherry Hill; Parsippany
Troy Hills; Piscataway; and West
Windsor/Plainsboro.
Activity Centers Varies Varies The Meadowlands Sports Complex and

& Campuses

Entertainment District; Rutgers University's
five New Brunswick area campuses

Note: The information presented in this table was adapted from NJ TRANSIT's 2020 Transit Score
Report: Possibilities for the Future (NJT 2000)

Using the lessons learned from previous PRT research and development activities as a
guide and the research team’s experience and expertise relative to New Jersey specific
conditions, a number of PRT “success” factors were identified as potentially key
determinants of PRT viability in New Jersey. These include the following:

= High demand for local circulation: PRT operations should effectively support
service areas that exhibit significant demand for local circulation. PRT networks
should effectively support service areas with many origins and many destinations
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derived from a mix of land uses such as residential, retail, employment and
entertainment and travel demand throughout the system’s hours of operation.

Opportunity to extend the reach of nearby conventional transit: PRT
operations should effectively provide an intermodal connection to conventional
fixed-guideway or fixed-route transit services such as an existing express
commuter bus terminal and high ridership rail stops or stations. PRT operations
should therefore be used to extend the reach of the conventional transit system
by connecting nearby areas and neighborhoods to the station or terminal. In
addition, the PRT system could be used to manage parking demand at the
station or terminal by providing an alternative to auto access and the ability to
connect to remote/satellite parking facilities.

Constrained access and/or congested local circulation: Individual mode
choice decisions are often made based on travel time considerations comparing
transit alternatives to the private automobile. Consequently, congested travel
conditions on regional/local roadways providing access to and circulation within a
location may affect the attractiveness of PRT as an alternative to private auto
travel. As such, locations with constrained access and/or local congested
circulation such as multiple congested access routes and/or a congested local
street networks, would be more likely to support the use of alternative travel
modes such as PRT. In these locations, PRT could provide an opportunity to
connect to remote/satellite parking facilities.

Constrained and/or expensive parking: Although regional/local congestion
helps to shape individual mode choice decisions, an even more significant factor
is the availability and cost of parking. As is the case with conventional transit
modes, areas with limited and/or expensive parking would generate higher
demand for PRT service. PRT could provide an opportunity to connect to/from
remote parking facilities helping to manage parking demand these places.

llustrative PRT case studies

In consultation with the research oversight committee for this study, two New Jersey
locations were selected for illustrative PRT case studies — Atlantic City and the
Meadowlands Sports Complex and Entertainment District. For the purposes of the
case-study analyses, the research team:

Reviewed qualitatively local land use and transportation conditions in each
location;

Designed a conceptual PRT network, including guideway and stations and
examined conceptual PRT operations in each location relative to theoretical
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system capacity and service characteristics, estimated operations and
maintenance costs, and estimated capital costs; and

= Explored briefly potential community impacts.

It must be stressed that no field investigation, detailed design engineering, operations
planning, or impact analyses were conducted for this study. The information contained
in this section was based on a high level “viability” assessment conducted using data
and information documented as part of the literature review and/or provided by various
PRT developers applied to a theoretical PRT system design.

Atlantic City, New Jersey

The first location selected for case-study analysis was Atlantic City, New Jersey.
Atlantic City is a resort beach community and tourism/gaming destination located on
one of New Jersey’s barrier islands approximately 130 miles south of New York City,
NY and 65 miles east of Philadelphia, PA. According to the U.S. Census Bureau,
Atlantic City has a land area of 11 square miles. With more than 40,000 permanent
residents in 15,848 households, the City has a population density of 3,570 persons per
square mile. In addition, there are more than 55,000 jobs located in the City (US
Census Bureau 2006). Much of the City’s employment is associated with the 12
casinos and other retail, restaurants and tourist businesses located in the city.

Transportation access to Atlantic City is provided via three major highway corridors,
including the Atlantic City Expressway, a limited access toll road connecting the City
with Philadelphia; NJ TRANSIT's Atlantic City rail line which runs between the City and
30™ Street Station in Philadelphia; numerous public and private long haul bus carriers;
and Atlantic City International Airport located approximately 13 miles from Downtown
Atlantic City. Local transportation includes NJ TRANSIT local bus service, a variety of
taxi/livery services and the Atlantic City Jitney Association, which operates 190 thirteen
passenger jitney buses, 24 hours a day, 365 days per year, serving most of the City and
all of the boardwalk and marina district casinos (ACJA 2006).

According to a 2004 survey conducted by the Atlantic City Convention and Visitor's
Authority, 85 percent of Atlantic City visitors come to gamble. The rest attend an event
at the Convention Center or Boardwalk Hall (3 percent) or to participate in some other
tourist activity such as to walk on the Boardwalk, eat in a restaurant or attend a casino
show (12 percent). Two-thirds of all visitors visit only for the day and most visitors,
including “day-trippers” gamble in more than one casino. The typical Atlantic City visitor
comes with only one other person (ACCVA 2006).
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In 2005, nearly 35 million people visited Atlantic City. Eighty percent arrived by private
automobile. Another seventeen percent arrived via casino-operated buses. One point
five percent arrived by chartered excursion bus and less than one percent arrived by air
or train (SJTPA 2006). Congestion along the three primary highway corridors providing
access to the City are often congested, especially during the peak summer tourism
season and on weekends, throughout the off-season. In addition, congestion on local
roadways in the boardwalk casino district is a recurring problem.

Characteristics of Atlantic City Concept PRT System

For the purpose of this illustrative case-study, the research team used digital aerial
photography to design a conceptual PRT network for Atlantic City to serve the
downtown and boardwalk casino district. The concept PRT network was designed in
two phases. Phase 1, shown in

Figure 48, was designed to circulate downtown residents, visitors and workers, serving
the boardwalk casino district, the convention center and the NJ TRANSIT rail station.
Phase 2, shown in

Figure 49, extended the network west to serve satellite parking facilities for hotel/casino
employees located in the median area on the Atlantic City Expressway.

The primary design objectives for the system were to:

= Connect major hotels/casinos with the convention center, NJ TRANSIT rail
station and parking areas, by locating stations throughout the coverage area
within a convenient walking distance of major trip generators;

= Circulate and distribute visitors within the downtown and boardwalk casino
district; and

= Enhance access to remote areas, including satellite parking for casino
employees located along the Atlantic City Expressway.
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Figure 49 - Concept PRT Network — Atlantic City, NJ (Phase 2)
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Table 13 - Concept PRT System Parameters — Atlantic City, NJ

System Parameter Phase 1 Full System
Only
System Length (miles) 8.6 16.2
Number of Stations 18 31
Peak Hour System Capacity (passengers) 27,150 45,375
12 Berth Stations 8 12
9 Berth Stations 3 5
6 Berth Stations 7 14
Average Trip Length (miles) 1.8 2.9
Average Trip Speed (m.p.h.) 23 23
Average Trip Time (minutes) 5.7 8.6
Low O&M Trip Cost ($) $0.54 $0.87
Average O&M Trip Cost ($) $0.72 $1.16
High O&M Trip Cost ($) $1.44 $2.32
Low Capital Cost ($M) $129 $243
Average Capital Cost ($M) $215 $405
High Capital Cost ($M) $344 $648

Table 13 summarizes various system parameters for the Atlantic City concept PRT
system. As shown in the table, the Phase 1 PRT network includes 8.6 miles of one-way
PRT guideway and 18 stations. Phase two would add 7.6 miles of guideway and 13
stations for a full system length of 16.2 miles and 31 stations. The theoretical peak hour
system capacity of phase one was estimated to be approximately 27,000 passengers.
The theoretical capacity of the full system after phase two was estimated to be
approximately 45,000 peak hour passengers.

Average trip lengths were estimated to range from 1.8 miles for the Phase 1 system to
2.9 miles after the full system is operational. Average travel times were estimated to be
between 5.7 to 8.6 minutes. Per trip O&M costs for full system operations were
estimated to range from $0.87 to $2.32 per trip, with an average cost of $1.16 per trip.
Finally, capital cost estimates for constructing Phase 1 ranged from $129-344 million
while the total system cost ranged from $243-648 million, excluding land acquisition
costs.
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Viability Assessment of Atlantic City Concept PRT System

The theoretical benefits of the Atlantic City concept PRT system would be similar to
those identified in past PRT assessment studies conducted over the past several
decades and summarized in Section IV of this report. These theoretical benefits
include:

= Improved flow and movement of residents, workers and visitors within the
coverage area;

= |ncreased access to transit and enhanced access to the rail station;

» Reduced local congestion throughout the PRT coverage area assuming the PRT
system is successful in attracting ridership.

In addition, PRT in Atlantic City could also provide an opportunity to relocate a portion of
the existing casino/visitor parking to satellite parking facilities outside the boardwalk
casino district, thereby freeing up additional land for redevelopment and future
expansion of casino and other entertainment uses.

In concept, the Atlantic City PRT system could accommodate internal circulation by
downtown residents working and shopping within the coverage area, workers from
outside the City traveling to casino or other downtown job locations, as well as many of
the City’s 35 million annual visitors who typically visit more than one destination
(including at least two casinos) during their stay and generally travel in small groups.

Assuming that theoretical per trip O&M costs can be realized, PRT operations could
operate with a break-even fare of between $1-2.00 per trip. This fare level should be
attractive to most potential riders and is generally consistent with fares charged for other
transit services in New Jersey. However, it should also be noted that the concept PRT
system would compete directly with the existing Atlantic City Jitney bus system, which
has a long-standing history of service to Atlantic City residents, workers and visitors.

In terms of potential community impacts, past PRT studies have assumed that impacts
from PRT will derive mostly from visual intrusion and disruption associated with
elevated guideway and station infrastructure. Although PRT systems can be
constructed at-grade or in tunnels, most PRT developers have designed their systems
assuming that PRT applications will require elevated guideways and stations. The PRT
guideways reviewed in this study ranged from three to seven feet wide for one-way
operations. This compares with elevated guideway structures for conventional transit
that can range from 20 to more than 30 feet wide.
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Most PRT developers assume that guideway infrastructure can and will be installed
along the median or curb-line of major arterial roadways. This type of installation is
expected to have low surface right-of-way requirements resulting in relatively little
reduction in surface street utilization. Light rail transit or dedicated lane bus rapid transit
systems implemented in downtown urban locations can consume as much as one or
two roadway lanes as well as on-street surface parking. It should be noted that current
roadway design guidelines for road-side obstructions and clear zone requirements may
necessitate engineering design waivers for installation of guideway foundations in some
locations.

Given the urban nature of land uses and the configuration of the existing built
environment in downtown Atlantic City, implementation of PRT would most likely require
the construction of elevated guideways and stations throughout much the proposed
coverage area. This would include aerial right-of-way for the guideway, surface right-of-
way for foundations, columns and barriers, aerial and surface right-of-way for stations;
and surface right-of-way for a centralized maintenance and operation facility. The later
could be accommodated at a nearby satellite location outside the downtown area.

Because elevated guideways would be used, PRT in Atlantic City would have
comparatively more visual impact than conventional at-grade transit options such as
light rail or dedicated-lane bus rapid transit and comparatively less visual impact than
conventional elevated transit options such as a monorail and automated guideway
transit that require significantly larger guideways. However, elevated PRT would most
likely require less surface right-of-way than conventional transit modes and would
therefore cause less disruption to street space currently used for sidewalks, travel lanes
and street parking.

Visual impact from PRT guideways can be reduced through context sensitive design
and by integrating features such as street lighting and other aesthetic treatments that
match local architecture. In the case of Atlantic City, local architecture is a mix of lower-
scale turn of the twentieth century buildings and modern high-rise hotel/casino
structures. Many of the casino structures utilize second floor walkways to interconnect
buildings located on opposite sides of city streets. This configuration may be well suited
for integrating PRT stations within existing casino buildings. In addition, given the
entertainment focus of Atlantic City attractions, PRT might serve as an attraction in and
of itself, contributing to further enhancement of the City’s unique identity.

Meadowlands Sports Complex and Entertainment District

The second case study location selected for conceptual PRT analysis was the
Meadowlands Sports Complex and planned entertainment district (hereinafter Sports
Complex) located within the larger New Jersey Meadowlands District in northern New
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Jersey. The Sports Complex is located approximately five miles west of New York City.
Existing uses within the complex include: Giants Stadium, the Continental Airlines
Arena, and the Meadowlands Racetrack. Giants Stadium has a seating capacity of
slightly more than 80,000 people and is currently home to the New York Giants and
New York Jets football teams and the NJ MetroStars soccer team. The Continental
Airlines Arena seats approximately 20,000 people and is home to the New Jersey Nets,
New Jersey Devils and Seton Hall University men’s basketball team. The Meadowlands
Racetrack hosts regularly scheduled harness track horse racing and special events
throughout the year.

In addition to these existing uses, there are current plans to redevelop portions of the
complex to add additional family entertainment uses, additional seating capacity and
new mass transit services. Plans include the following:

= Xanadu: a $1.3 billion plan to construct a 4.8 million square feet mixed-use
complex, including family entertainment, office and retail uses on 104 acres near
the Continental Airlines Arena. Portions of this development are currently under
construction. This development is projected to create approximately 20,000
permanent jobs when completed.

= Renovations to the Continental Airlines Arena: A $75-100 million plan to
renovate the arena to increase its seating capacity and connect it to the Xanadu
development.

= Meadowlands Railway and Roadway Improvements: Construction of a new
2.3 mile regional rail alignment connecting the Sports Complex with the NJ
TRANSIT Pascack Valley Line. The improvements will also include construction
of a new Meadowlands rail station to be centrally located between Giants
Stadium, the Continental Airlines Arena and the Meadowlands Racetrack, as well
as associated roadway improvements in the vicinity of the Sports Complex.
(NJMC 2004, NJSEA 2005).

Access to the Sports Complex is currently provided via a number of major highway
connections, including the New Jersey Turnpike, State Route 3 and State Route 120.
According to the NJ Meadowlands Commission Master Plan these routes have
inadequate capacity to accommodate local and regional travel demand and are
frequently congested, especially during peak travel hours and during event times at the
Sports Complex. Public transportation services to/from the complex are currently
limited; however, as noted above, a new rail link is planned to connect the complex to
NJ TRANSIT’s Secaucus Junction rail station via the Pascack Valley Line. This
connection through the Secaucus Junction rail station will allow passengers using NJ
TRANSIT’s NEC, NJ Coast Line, Morris & Essex and Montclair-Boonton Line, Main,
Bergen, and Port Jervis Line.
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Characteristics of Meadowlands Concept PRT System

For the purpose of this case-study, the research team once again used digital aerial
photography to design a conceptual PRT network serving the Meadowlands Sports
Complex. The concept PRT network shown in Figure 50 was designed to circulate
visitors between venues within the district, connect to the planned Meadowlands ralil
station to be located centrally within the complex and to a planned light rail station in
Secaucus. The system was also designed to accommodate future connections to off-
site satellite parking facilities along major highway corridors providing access to the
complex.
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Figure 50 - Concept PRT Network — Meadowlands

The primary design objectives for the system were to:

= Connect major venues within the Sports Complex and planned entertainment
district and to circulate/distribute visitors between the venues and other
destinations;

» Provide feeder service to future commuter and light rail stations/stops located
within and adjacent to the district;
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= Provide an access option to remote areas including future off-site satellite
parking;

= Accommodate future network expansion to adjacent areas as a potential
alternative to planned light-rail extensions.

It should be noted that a dense PRT network was designed for this application to
demonstrate how PRT could support dense Transit-Oriented Development and
redevelopment of the Sports Complex area. If such a high level of access is not
needed, a less extensive network of guideways and stations may be appropriate. This
would make the system less capital intensive.

Table 14 summarizes various system parameters for the Meadowlands concept PRT
system. As shown in the table, the dense PRT network includes 10.7 miles of one-way
PRT guideway and 26 stations. The theoretical peak hour system capacity of the full
system was estimated to be approximately 40,000 peak hour passengers. Average trip
lengths were estimated to be approximately two miles, with average travel times of 6.5
minutes. Per trip O&M costs for full system operations were estimated to range from
$0.63 to $1.68 per trip, with an average cost of $0.84 per trip. Finally, capital cost
estimates for constructing the PRT system ranged from $161-428 million, excluding
land acquisition costs.

Table 14- Concept PRT System Parameters — Meadowlands

System Parameter Full System
System Length (miles) 10.7
Number of Stations 26
Peak Hour System Capacity (passengers) 39,750
12 Berth Stations 12

9 Berth Stations 5

6 Berth Stations 9
Average Trip Length (miles) 2.1
Average Trip Speed (m.p.h.) 23
Average Trip Time (minutes) 6.5
Low O&M Trip Cost ($) $0.63
Average O&M Trip Cost ($) $0.84
High O&M Trip Cost ($) $1.68
Low Capital Cost ($M) $161
Average Capital Cost ($M) $268
High Capital Cost ($M) $428
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Viability Assessment of Meadowlands Concept PRT System

As conceived, the Meadowlands PRT system would accommodate internal circulation of
Meadowlands visitors within the Sports Complex and entertainment district. The system
would also enhance access to the complex for visitors and workers using conventional
transit modes. In the future, the system could provide access for workers/visitors
wishing to use remote park-ride facilities located along major highway access routes to
avoid vehicular congestion in the vicinity of the complex.

The theoretical benefits of the Meadowlands concept PRT system would be similar to
those identified for the Atlantic City concept PRT system and past PRT assessment
studies conducted for other PRT applications. These theoretical benefits include:
improved flow and movement of visitors within the Sports Complex; enhanced access to
existing and planned conventional transit services, including the planned Meadowlands
rail station; and assuming the PRT system is successful in boosting overall transit
ridership to/from the complex, reduced congestion local and regional roadways in the
vicinity of the complex. In addition, PRT serving the complex could also provide an
opportunity to relocate a portion of the existing venue parking to satellite parking
facilities outside the complex, thereby freeing up additional land for redevelopment and
future expansion existing venues as well as family entertainment and other uses.

As was the case with the Atlantic City concept PRT system described above, assuming
that theoretical per trip O&M costs can be realized, PRT operations could operate with a
break-even fare of between $1-2.00 per trip. This fare level should be attractive to most
potential riders and is generally consistent with fares charged for other transit services
in New Jersey.

It should be noted, however, that the ability of the concept PRT network to handle the
potential high peak loads associated with large venue events was not examined for this
study. In practice, stations would be sized to accommodate large platoons of vehicles
in certain locations and PRT control systems programmed to adequately distribute
vehicles to designated stations in order to limit wait times for passengers desiring to use
the system. These operational issues would need to be further investigated and tested
to ensure the system could function within acceptable level of service parameters.

Given the nature of land utilization and the characteristics of the existing built
environment within and adjacent to the Sports Complex, construction of PRT guideways
and stations would be unlikely to cause unacceptable visual intrusion or surface
disruption. In fact, the existing built environment and entertainment focus of the Sports
Complex venues and proposed future uses may be uniquely well-suited for PRT
implementation without the community impacts sometimes attributed to elevated transit
systems.
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FINAL NOTE: It must be stressed once again that the viability assessments described
above were intended to be primarily qualitative. No field investigation, detailed design
engineering, operations planning, or impact analyses were conducted for this study.
Any future consideration of PRT feasibility in either of these two locations or any other
locations in New Jersey should be accompanied by detailed location specific planning
and engineering studies.
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Vill.  PRT IMPLEMENTATION ASSESSMENT AND RECOMMENDATIONS

PRT is an innovative transportation concept designed to combine the comfort and
convenience of private automobile travel with the efficiency of public transit. It has the
theoretical potential to provide a higher level personal mobility than comparable transit
modes at a reduced capital and operating cost. It also holds the promise of being more
energy efficient, less land consumptive, more environmental responsible while
improving the overall service, speed and attractiveness of public transportation.
Conceptually, PRT could provide a stand-alone network or be part of the larger multi-
modal network of urban transit services. Unfortunately, PRT has not yet advanced to a
state of commercial readiness. Additional development work is needed.

To realize the theoretical benefits of PRT, the State of New Jersey must first understand
the challenges that remain to system development and implementation. The
development and implementation of PRT must be a long-term strategic initiative. It will
require the State to understand not only the technology and application of the
technology but the overall business model that will support the new transit technology.

Challenges to Implementation

PRT is a developing industry with limited support from the public or private sector.
There are only a few small firms advancing the development of the PRT technology.
There are no industry standards guiding PRT development and there is limited expertise
and understanding of PRT concepts in conventional transportation consulting,
engineering, planning and policy-making sectors. The following challenges will need to
be addressed as the PRT development process continues:

= Engineering and planning expertise: There is limited depth of experience or
understanding in the transit industry regarding the advanced technology
concepts central to PRT design and operations. This experience does exist,
however, in other industries that support advanced technology development such
as aerospace, automotive, defense, computing and networking. It will be
important to draw upon the technology expertise from these industries and
combine it with the operating expertise from the transit industry to develop an
advanced yet robust and “public ready” PRT system.

= Open technology development: PRT technology is currently under
development by independent suppliers that are seeking to develop products that
have a competitive advantage to other suppliers. This is a normal and advisable
business practice in the early stages of an industry. As the industry matures, it
will be in the interest of potential customers of PRT suppliers to encourage the
use of open technology that avoids proprietary designs and vendor exclusivity. It
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will also be in the interest of potential customers to encourage the use of
commercially available components to avoid specialized product development,
unique support and maintenance requirements, higher costs, and less flexible
and responsive operating environments.

= Development and application of standards: As a new technology, PRT can
benefit from the development and application of appropriate standards as the
technology advances. Standards will be needed in various areas including
safety, security and technology. It will be important to ensure that technology
standards do not unnecessarily limit innovation and competition which can
improve the performance of PRT systems. Conversely, it will also be important
to guide the development of the technology with standards that protect the
public’s health, safety and welfare. In terms of standardization, lessons can be
learned from past experience with ASCE APM and NFPA standards (described
earlier in the report). Additional analysis is needed to determine the efficacy of
applying current industry standards versus the development of new standards.

= Institutional framework support: Currently, there is little existing institutional
infrastructure to support the somewhat specialized analysis, design, construction
or operational expertise needed to implement PRT and ensure safety and
security system users. It would be best to develop this expertise internally
through retraining of existing personnel and/or the hiring of additional staff.
However, expertise may also be contracted as appropriate depending on the
implementation agencies circumstances.

= Consistent political, economic and technology support: The development
and implementation of an initial PRT system and the subsequent implementation
of PRT in other locations will require a long-term commitment of economic
resources. It will also require vision, innovation, and consistent political support.
The history of PRT has many examples of development programs that started
with good intentions but were derailed due to changing political agendas,
incomplete funding, inadequate engineering and economic analysis,
inappropriate design standards, and many other factors. The lessons learned
from these previous development programs will simplify and streamline any
future PRT development efforts but will not eliminate pitfalls of the past.

Potential PRT Business Model
The PRT industry is in its infancy and in the process of forming the foundation for what
could be a significant advancement in urban transportation. As the industry evolves, it

will be important to learn from the successes and failures of current and past business
models used in the conventional transit and other industries. Successful industries
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have key characteristics that promote low costs, high service and increasing prosperity
for all stakeholders. These characteristics generally include standardization, economies
of scale, open and competitive markets, appropriate regulation, economic drivers, and
appropriate levels of research and capital investment. This section describes a
proposed business model for the PRT industry that incorporates proven business
practices and minimized the need for public financial support.

Movement of people and goods is a fundamental element of any successful economy.
It requires transportation infrastructure, vehicles, energy and services. Most forms of
surface transportation are considered public goods that require a generally high level of
public sector support and subsidy. Unlike other infrastructure services such as
telephone, water, cable television, cellular phones, internet and electricity that operate
as publicly regulated utilities funded through user fees, surface transportation is
generally publicly operated and heavily subsidized through general tax revenue.

While utility industries are able to provide highly desirable services at economic rates
allowing these industries to prosper without significant public subsidy, the surface
transportation industry requires continual public subsidy to survive and often struggles
to provide a service that meets the needs of consumers. Examining the fundamental
success factors in these other industries and the factors limiting success in the transit
industry can provide guidance to a successful business model for PRT industry.

Success Factors from Infrastructure Industries

There are many examples of successful infrastructure industries that provide a utility
service in a manner that meets the needs of consumers, protect and serve the interests
of the general public, do not require substantial ongoing public investment, and allow
the provider of the service to operate in a profitable manner. These infrastructure
industries include:

= Telephone = Cable Television
= [Internet = Water
= Cell Phones = Electricity

With the exception of water, these services are generally provided by private firms that
operate as publicly regulated utilities with little or no public support. Services are
provided by a network of infrastructure technologies that use the public right of way. In
the case of cell phones, the right of way is the public air waves. For the other services,
the service providers generally use easements or public right-of-way along roads.
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These network industries are founded on several fundamental principles:

= Open standards;

= Mass production and economies of scale;

= Multiple suppliers and providers;

= Government regulation of public access and right of way;

= Market pricing;

= Open competition; and

= Private funding for research, development and construction.
The PRT industry can benefit if these fundamental principals are applied to a common
technology. By way of example, consider the development and operation of the
Internet. The Internet was started using government investment in initial technology
development and pilot operations. After many protocol and technology iterations and

pilot implementations, a fundamental technology standard was adopted. This allowed
the industry to scale and expand.

The TCP/IP protocol is a fundamental standard for computer networking that allows
manufacturers to build to a common standard and users to implement different devices
and software products on a common network. This common standard allows the
computing and internet industry to achieve mass production, economies of scale,
market competition by a range of service providers in support of a common industry.

The TCP/IP standard has many parallels in other industries, including 60 hertz service
in the electric industry, GSM in the cellular industry, POTS in the telephone industry,
and DOCSIS in the cable industry. These standards allow each industry to develop a
full support structure that includes:

= Manufacturers;

= Infrastructure providers;

= Service providers;

= Content providers; and

= Administrative service providers.
In most cases, the service providers operate in competitive markets where the ability to

serve the market and use the public right-of-way is regulated or franchised by a public
authority.

133



Viability of Personal Rapid Transit in New Jersey

Limiting Factors For The Transit Industry

The transit industry in the United States is the product of evolutionary change over time,
including the governmental acquisition of private sector transportation companies during
the middle of the 20™ century. At the beginning of the 20™ century, private
transportation companies built and operated private motor bus, street car and subway
systems around the country. Each of these companies developed systems that were
advanced for the time yet were not based on any universal standards or guidelines.

Train systems had different power distribution systems, control systems and track
alignments. Rail cars had different cross-sections, lengths, loading platform heights,
door locations and more. In some cities such as New York, competing subway
companies had intersecting lines that did not have common stations or the ability to
move a train from one line to another. In the spirit of competition, each firm tried to
maximize their ability to serve customers at the lowest cost. A similar story can be told
for the motor bus industry.

As the 20" century progressed, private transit operators faced declining ridership due to
the advent of the automobile. One by one the transit companies were acquired by local
governments in an effort to provide a certain level of public transit service for those
lacking access to a personal automobile. Having inherited this legacy of incompatible
systems and without a clear coordination role among the local governmental agencies,
the transit industry has struggled to develop standards that would allow the industry to
realize economies of scale and the innovative use of new technologies that have
characterized the maturation of other infrastructure industries. Today, the transit
industry is still working to develop more rigorous and universal standards and replace
the current practice of custom designing each new rail and bus system.

The lack of standards and focus on customized design limits the ability of the transit
industry to achieve the success realized by other infrastructure industries. Even further,
the inability to capture the real estate value created by the installation of new transit
service and the inability to provide competitive service with premium fares limits the
funds available to the industry. The limited funds available for new capital programs
and technology development have also severely restricted the ability of the private
sector to support the industry. Where there once were many manufacturers of train and
bus systems, there are now only a few firms that struggle to maintain profitability in a
stagnant market.

The early stage of PRT technology development provides the transit industry with an
excellent opportunity to learn from experiences of the past and develop a standardized
technology that can provide a superior service at a reduced cost. Even further, with
strategic investments at critical stages, the industry could change the entire transit
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funding and operational model to realign the governmental role to one of regulation and
oversight, with the private sector assuming the role of funding, development and
operation.

Proposed PRT Business Model

The development and implementation of PRT systems and the supporting industrial
structure is a common opportunity that can be shared by the public and private sectors.
A regulated, self-promulgating, public utility business model is proposed as the end
state for the evolving PRT industry. This model is similar to the model used for the
cellular phone, cable television or electric utility industries. Under a regulated public
utility model, the public and private sectors would have the following roles and
responsibilities:

= Regulators: The (public) regulator agency for a specific State, city or region
would sell the rights to implement PRT systems for specific territories within their
jurisdiction. Similar to air rights for a cellular —
provider or distribution right for a cable provider, the
PRT rights or franchise would grant a developer the
exclusive right to use the public right-of-way or
negotiated easements to implement a network-
based PRT system. The PRT system would be
required to meet the safety, security and
interoperability standards set by the regulator. The
regulator would have the right to authorize multiple
franchises within its region but only one franchise
per territory as shown in Figure 51.

N
A common standard would be used for all territories - 4 ~ o New@
such that the systems would all be compatible and @

interoperable. The regulator would be responsible

for monitoring compliance with standards, reviewing A
and approving guideway implementations, as well Figure 51 - PRT Developer
as overseeing operations to ensure public goals are Territory Example

met. Regulators may contribute funds to the implementation of PRT systems if
the developers determine not to provide service in specific areas.

= Developers: PRT developers would own the franchise rights to a specific
territory and implement PRT systems as appropriate to meet their development
and economic goals. Developers would determine which guideway alignments
and station locations would contribute the highest value to the developer. They
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would implement the PRT system at these locations after approval from the
public regulator.

The approval process in each region would be subject to review and participation
of the public. The developer would need to collaborate and negotiate with each
property owner affected by the new system. The developer may own property or
rights to property along the alignment of the system. In this way, the developer
can realize the property value created by the implementation of the system and
subsequently use the increased property value to fund the capital cost of the
system. The developer may also negotiate with property owners to purchase
stations along the guideway alignment. Purchasing a station will be beneficial to
many property owners and will not affect the throughput of the system under the
off-line station mechanism. This self-funding mechanism allows PRT developers
to expand the system without limit since as stations and guideways locations are
added, the overall system becomes more attractive and land adjacent to the
system become more valuable.

Developers may be required to implement PRT guideways in locations that do
not warrant installation from the developer’s economic viewpoint. The regulatory
agency would need to supplement the developer’s costs for such
implementations. The developer may also decide to implement a PRT system in
areas with low demand to create and capture value in the area through improved
access via the PRT system. In this way, PRT can be used to shape new urban
areas and allow the developer to fund the system implementation by capturing
the value of surrounding real estate. This mechanism has been proven
successful by the Mass Transit Railway of Hong Kong which covers all capital
and operating costs from real estate value capture, fare revenue and other value-
added services.

Developers would contract with manufacturers and construction companies to
build and install standardized PRT guideways, support systems, and stations.
They could also contract with the central operations provider to manage
operations of the infrastructure.

= Operations Provider: As a system of vehicles operating on a distributed
network, a PRT system must have an entity or entities that supervise the
operations, support the command and control needs of the network, and collect
and manage fare revenues. Depending on the size and complexity of the system,
there may one or more regional operations providers that support one or more
territories. There may also be a centralized operations center that supervises
multiple systems or a distributed allocation of supervisory functions among the
regional operations providers.
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The operations functions can be owned and operated by each of the developers
for their territories or it may be a contracted service. Whether distributed or
centralized, operations providers need to supervise the entire network and
ensure that all vehicles and guideway sections are performing to safety, security
and performance standards. Operations providers would be issued a certificate
to operate by the regulatory agency and overseen on a regular basis.

= Vehicle Providers: Under an open standard and regulated environment, there
would be opportunity to have PRT vehicles owned, operated and maintained by
multiple competitive providers in each system. A vehicle provider would
purchase standardized vehicles from manufacturers that met the requirements of
the local system for performance, safety and security. The vehicle provider
would be granted the right to operate vehicles on the PRT network similar to the
licensing of a taxi cab to operate on city streets. The vehicle provider would
store and maintain vehicles at a private facility with access to the guideway
network. Vehicles would be released to the network and provide rides to
passengers throughout the day. When a vehicle is used, the operations
providers would collect the fare and provide the vehicle operator a portion of the
fare based on the travel portion of the trip.

The vehicle operator would pay each developer a guideway fee for the portion of
the trip supported by the developer’s network. The mechanism is similar to
cellular networks where standard devices can use multiple networks and the
providers and operators share the costs and revenues of providing service. The
fleet of vehicles would be self-leveling as vehicle providers would add more
vehicles if demand warranted the investment. Vehicle operators would also be
required to meet minimum standards for vehicle appearance and cleanliness to
continue to operate on the network.

= Manufacturers: PRT systems would be built from component sub-systems such
as controls, vehicles and guideways. These major sub-systems would be built
from components such as microprocessors, radios, motors, wheels, controllers,
and rails. The design, assembly, testing and delivery of these components and
sub-systems will adhere to standards that ensure the interoperability and
performance of these elements as part of a larger PRT system.

The manufacturers of these components or sub-systems will sell their products to
higher level firms in the PRT supply chain or the end users of PRT systems. For
example, a vehicle manufacturer may produce unique parts used on the vehicle
as well as standard components from industrial suppliers. The vehicle
manufacturer would assemble and test the vehicle and then sell the vehicle to a
range of vehicle operators around the world. The manufacturer may have been
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the developer of the standardized design and may also receive a royalty if the
design was patented and shared with other manufacturers. Manufacturers would
compete for sales based on the design, cost, efficacy, reliability and performance
of their products. This model encourages cost reduction, advanced design,
performance and ongoing innovation.

PRT Standards

To achieve a standardized PRT technology that can be produced effectively,
implemented and operated through economies of scale, a core set of technical
standards will be needed. These standards should address:

= Vehicle Guideway Interface; = Control and Communication;
= Power, = Ticketing and fare collection; and
= Propulsion; = Safety and Security.

With standards in these areas, manufacturers can develop assembly lines that build
products for multiple customers. Developers and infrastructure owners can purchase
vehicles, guideways and components from multiple manufacturers. Vehicles can
operate on multiple networks. Travelers can take a trip without stopping that may span
multiple networks owned by different franchised owners. Fares can be shared among
multiple providers of infrastructure and services.

The development of these standards should follow the evolution of technology
development. In the early stages of the industry, multiple technologies will and should
be tried until the best designs are endorsed by the industry through procurements or
other mechanisms. As the de facto standard evolves from the best or most widely used
technology, the industry will be well served by formalizing the standard in order to
promote large scale use of the overall technology.

An international cooperative effort to standardize PRT technologies should include local
agencies, federal government, industry associations, and manufacturers. Some
manufacturers and initial applications that do not support these de facto standards may
resist this standardization but will benefit in the long run. Standards support competitive
markets and mass production resulting in reduced costs, increased quality and market
certainty.

PRT Business Model Summary

PRT represents an opportunity to develop a new transit technology and business model
with the potential to scale and expand to serve urban transportation needs beyond the
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limited access of fixed guideway transit systems. Initial implementations of PRT
systems are expected to follow the conventional model of public sector agencies or
private developers implementing limited scale systems for specific applications. A
range of technologies will be tested until a de facto standard evolves. At that time, PRT
can evolve from a public system to a private utility business model with the following
characteristics:

= PRT networks are based on standards similar to internet and cell phone
networks;

= Franchise rights are granted to developers that build and operate integrated
networks;

= Government plays a monitoring and regulatory role;
= Vehicle operators provide service on franchised networks;
= System development is primarily funded from fees and private sources, including:
- Fare revenue,
- Value capture from real estate development;
- Right of way fees;
- Station fees and services;
- Advertising and entertainment fees; and
- Supplemental public support.

Options for New Jersey

The promise of PRT has been in the public discussion for over 40 years. It has not
reached maturation for a variety of reasons but remains an enduring idea that may offer
the potential for increased service, reduced costs, reduced congestion, and reduced
environmental impact. PRT provides an opportunity for New Jersey to develop new
mode of transportation that could meet urban transportation needs not currently met by
conventional modes. It is also an opportunity to develop a new industry centered in
New Jersey.
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The following are series of options for advancing PRT in New Jersey should decision-
makers decide to move to the next stage of PRT development in the State.

Option 1 — Monitoring and support

Action:

Pro’s:

Con’s:

Play no active role in the development of PRT

Monitor PRT development activities conducted by private
developers and other governmental organizations around the world
and reconsider the State’s role in the future, as appropriate

Requires no commitment of State funds

Eliminates the risk of selecting sub-optimum technology
configurations for early implementations

Limits the State’s ability to influence the pace and direction of PRT
development. PRT development activities may favor technology
solutions not appropriate for New Jersey (e.g., cold weather
operation)

May prevent the State from capitalizing on an opportunity to develop
a new PRT business/industry centered in the New Jersey

Option 2 — Research and analysis

Action:

Pro’s:

Conduct New Jersey-based research in areas that will advance PRT
development, including the use of tools, analysis techniques and
data that support the understanding, development, implementation
and operation of PRT systems

Provides a foundation for effective demonstration and
implementation of PRT systems in the State and elsewhere

Could raise New Jersey'’s profile as a leader in helping to guide and
shape a new technologies and industries

Helps to ensure that advancements in PRT technology are
appropriate for New Jersey applications

Provides a base of knowledgeable and experienced engineers,
designers and planners to support growth of a PRT industry in the
State
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Con’s:

With no commitment to implementation, research may have limited
effectiveness

Exposes the State to limited financial risk by investing in research
that may not have tangible results in the short term

Research occurring outside of a comprehensive systems
engineering and development program may be of limited use

Even with additional research, PRT developers may fail to secure
investment funds resulting in little or no additional PRT development

Option 3 — Detailed application studies

Action:

Pro’s:

Con’s:

Identify potential PRT applications and conduct preliminary selection
of candidates for analysis and potential implementation

Conduct initial analysis of one or more applications including cost,
performance, ridership, layout and impact analysis

Conduct public outreach, develop potential plans and secure public
endorsement of PRT as a viable mode of transport

Lays the foundation for realizing the benefits of PRT technology if
development and demonstration systems prove successful

Enhances PRT developers ability to secure private investment by
creating a passive endorsement of the technology

Creates an opportunity to educate the public and regarding the
technology and its potential benefits.

Requires some commitment of State resources without any
guarantee of tangible benefits

May raise public and policy maker expectations before technology is
ready for implementation
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Option 4 — Public/private development program

Action:

Pro’s:

Con'’s:

Build public/private partnership to conduct a comprehensive $50-
$70M program to develop and test one or more PRT technologies.

Establish shared risk, funding and ownership program with private
and public partners to limit New Jersey share of program costs to
$10-$15 M.

Establish program designed to develop performance requirements
select partners, develop and test the technology, and construct
initial system demonstrations

Create mechanism to create institutional infrastructure for research,
development, manufacturing, engineering and operational support
within the State

Provides New Jersey with the opportunity to demonstrate
international leadership in shaping the future of the technology

Provides an opportunity to structure program around New Jersey
applications

Provides an opportunity to create a network of engineers, planners,
technology developers, manufacturers, and support organizations in
New Jersey to foster the creation of a new PRT industry in the State

Provides an opportunity to distribute and share potential risks,
funding and future rewards

Shortens implementation time frame and provides a higher
probability of success with an opportunity for the State to receive
return on investment from revenue sharing and economic
development

Requires a moderate commitment of limited public funding to
support the development partnership

Given the nature of a public/private partnership, there is some
potential to develop sub-optimal technology solutions as
experienced in the Chicago RTA program

Public/private partnerships are vulnerable to leadership change over
time, which could negatively impact success especially if political
support weakens, or technology development is delayed
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All of the above options would be a legitimate response to the current state of PRT
development. Ultimately, State decision-makers will need to determine how proactive
they wish to be. Option one requires no investment of public funds or political capital.
Options two and three carry some risk but also limit potential gains. Option four
represents the greatest risk to the State in terms of financial investment and

commitment to a specific policy direction; however, it also may result in the greatest
return.
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