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FOREWORD

This report represents one part of an effort to provide information to the U.S. trangit
authorities on activitiesraed to Bus Rapid Trangt (BRT).

NOTICE

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The United States Government
assumes no ligbility for its contents or use thereof.

The United States Government does not endorse products of manufacturers. Trade or
manufacturers names gppear herein solely because they are considered essentid to the
objective of thisreport.



Bus Rapid Transit Vehicle Demand and Supply Analysis
September 2002

Preface

Thisreport was prepared by CALSTART, Inc., the California operating divison
of WestStart. The data contained in this report includes planning informetion that carries
adegree of uncertainty. While it may reflect current thinking of trangit properties relaive
to Bus Rapid Trangt, the specific quantities or timing may not occur and the preferences
identified now may change in the future. Likewise, datafrom the U.S. manufacturing
sector reflects current information that aso may be subject to change in the future.
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1.0 Introduction

1.1 Aboutthe “Vehicle Demand and Supply Analysis” Study

Signature vehicles and related technol ogies have been dow to emerge from the
U.S. bus-manufacturing sector. The "Action Plan for aThriving BRT Market" isa et of
planned activities, developed through a series of FTA Workshops with industry, which
addresses the impediments to Bus Repid Trangt (BRT). The*Action Plan” ddiverables
relae to the five mgjor aspects suggested by the industry: 1) Marketing, 2) Proactive
Vehicle Deployment, 3) Data Collection and Evauation, 4) Streamlining Project
Development and 5) Partnerships with U.S. Manufacturers.

The focusfor "Partnerships with U.S. Manufacturers' is on the domestic bus-
meanufacturing sector in agloba context. Through those partnership-activities, the FTA
intends to identify more effective ways to encourage the supply of U.S. made vehiclesto
the U.S. BRT Communities. Industry stakeholders requested that a study be performed to
characterize the U.S. "demand” for vehicles suitable for usein BRT sarvice settings. On
the manufacturing side, the stakeholders requested that the study addressthe U.S.
manufacturers intentions and capabilities to “ supply” the requisite vehicles and
technologies. Thisreport is aresponse to that request.

The report documents data from interviews with trangt properties and from public
documents about their plans for implementing BRT corridors. The "demand" portion
compilesinformation about the quantities of vehides, ddivery timing and vehicle
preferences such as vehicle type, dimensions, floor style, propulsion, image and
gppearance, as wdl as supporting technologies such as automated vehicle location
(AVL), sgnd priority, cashless fares, and other infrastructure. The datais classified as
"firm," "near firm" or "planning,” depending on the degree of certainty the respondents
felt about the data provided. The results are based on aggregating and cumulating the
data over the period from 2002 to 2012.

CALSTART gaff then contacted and met with vehicle manufacturers to discuss
their development activities, current and future vehicle production plans and capabilities.
The discussons with manufacturers emphasized the vehicles as part of aBRT system.
The vehicle and technology preferences, as expressed by the BRT communities studied,
guided the manufacturer interviews. From those interviews and aso from public
documents, an aggregate view is developed about the ability to supply vehiclesfor BRT
now and in the near future,

Implications are drawn from the combining of the community and the
manufacturer study results. The implications concentrate on the preferences for vehicle
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characterigtics, and what issues the manufacturing sector may face with these
preferences. What emerges is a perspective on the vehicle features desired to support
BRT plans, the factors affecting availability of the vehicles with these features and a set
of proximate topics that overlay the availability issues. These overlaying topicsare not a
st of conclusions or recommendations but are topics that, the manufacturers suggest,
may be important for future indusiry dialogue.

1.2  Organization of this Document

Section 2 of this document is an Executive Summary with mgor findings
reflecting the Community Study Results, Manufacturer Study Results and the Study
Implications.

Section 3 documents the background for this work, amplifying the three-fold
purpose in terms of 1) the Community Study, 2) the Manufacturers Study and 3) the
Study Implications. Section 3 aso delves into the goal's and approach to the Community

Study.

Sections 4 and 5 present the detailed results from both studies. First, Section 4
documents the Community Study Results plus provides a concise summary of the
vehicles and community preferences. Section 5, the Manufacturers Study Resuts, deds
with the study of the U.S. manufacturing sector. The leading sub-sections of Section 5
discuss the god's and gpproach for the Manufacturers Study. The results of the
Manufacturers Study are in the later sub-sections of Section 5.

Thefind Section 6, Study Implications, combines the results of the studies and
andyzes the implications from the two studies. More detaled information can be
obtained on this Study and analyss by contacting CALSTART or the principle
investigator.
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2.0 Executive Summary and Major Findings

2.1  Study Purpose and Approach

Public transportation as the mode of choiceis akey dement of the Bus Rapid
Trandt (BRT) Vison. A family of BRT sysemsis envisoned as ahigh-qudity trangt
service featuring high-capacity, modern bus-type vehicles. These vehicles, combined
with ITS technologies and operationa improvements, offer a speed and capacity service-
expangon dternative for public transportation. The desireisto lower the capita and
operating costs of service expanson while enhancing the image of bus transportation.

The three-fold purpose of this study and analysisisto: 1) characterize the U.S.
market demand for vehicles by BRT Communities (Community Study), 2) study the
domestic bus manufacturers  ability to meet that demand (Manufacturers Study), and 3)
identify issues and implications of the Studies (Study Implications). An interview
approach was used to capture the data. Aggregation and andysis of the dataleadsto a
discussion of implications based on the participants perspectives.

2.2 Major Findings
2.2.1 Community Study Findings

The Community Study compiles and aggregates data from the BRT communities
on their BRT plans with the objectives of quantifying vehicle ddiveries and timing as
well as vehicle and supporting technology preferences. Data capture is through
interviews with trangit properties and through review of public documents. Communities
sdlected for contact are listed in the Table 1 below. Information has been compiled on
twenty-two of the twenty-eight.

Tablel - Transit Communities Contacted for the Study

| AC Transit | Cleveland | Honolulu | New York | San Diego

| Albany | Denver* | LasVegas | DullesCorridor | SanJuan *

| Atlanta* | El Paso | Louisville | OrangeCounty | SantaClara

| Boston | Eugene | LosAngeles | Orlando* | Seattle

| Charlotte* | Fort Collins | Miami | Phoenix ‘ * No detailed data
| Chicago | Hartford | Montgomery Cty. | Pittsburgh * | availablefor study

Vehicle Type and Number. The aggregate total of 5004 vehiclesis anticipated
for potential delivery in the period 2002 to 2012. These vehicles are broken into three
badic categories, based on information provided by the community participants:
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Articulated vehicles 60-65 feet 3,117
Non-articulated vehicles 40-45 fedt 1,244
Non-articulated vehicles 30-35 feet 643

Artic Delivery Rate. The highest average number of Articulated vehicle (Artic)

deliveries is 400 per year during the study time period of 2002 to 2012. These vehicles,

aswdl

as the shorter vehicles, represent a service expanson and are expected to add to

the present annud replacement of trangit vehicles.

Artic Vehicle Propulsion. Interest is growing in vehicles with hybrid drive

systems and a preference for low emissions compared to previous years.

Two-thirds (2,104) are planned for diesdl interna combustion engines

One third (1,013) are planned as hybrid powered

Low sulfur diesdl is specified for over 70 percent of the diesd-fuded vehides
CNG isplanned for 1,340 (44%) of the Artics with 15 congdering LNG

Artic Floors, Doors. Mogt preferred are continuous low-floor and 3 doors:
782 (25%) vehicles - no door preference at thistime

613 (20%) vehicles - 2 door openings

1,512 (48%) vehicles - 3 door openings, two double-stream

210 (7%) vehicles - 4 or more openings and both right and left Sde
3,081 (99%)vehicles - continuous-low floor preferred

Articulated Vehicle Appearance, Features. Responses reveaed:

A preference for a“rail like, deek, modern, futuristic” look by over 3.7to 1
relative to “paint, branding and logo” (2,457 to 660).

Low noiseisapriority for 42 percent (1,321) of the Artics.

Docking “guidance” is consdered for 37 percent (1,139) of the Artics.

Non-articulated 40-45 foot Vehicle. Conventiona externa appearance, with

branding and logos, is preferred. Propulson system sdlections are traditiond but fuel

choices
comfort

are more open. Door and floor selection also are largely open. Passenger
and amenities are aso important. The preferences are more conventiond for this

length vehide:

Most (1,204) plan “branding/logo” with only 40 desiring “unique image’

Internal Combustion Engine (ICE) dominated the 1,244 buses planned with only
30 open to hybrid power and 3 were planned for fuel cdl power

Fud isnot specified for 667 vehicles

CNG (260), diesdl/low sulfur diesdl (125) and LNG (159) are planned

Door selection for 780 out of 1,244 is open; while 40 prefer 1 door, 404 prefer 2
doors, and 20 desired 3 doors

425 had not selected floor height; 512 plan for continuous-low floor, 267 a step-
low-floor and 40 a standard floor
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Non-articulated 30-35 foot Vehicle. One community may plan to support their
BRT expansion with 30 foot feeder vehicles using an estimated 600 vehicles. Preference
isfor aunique image, low-floor-with-step vehicle with 2 wide door openings.

| nfrastructure. Many of the communities were dready implementing or are
planning some form of AVL (61% of corridors), Sgnd priority (64%), off-board fare
collection (55%), onoff board information Sgnage and audio cal out systems (30 —
51%). Exclusive, dedicated or reserved guide ways, plusHOV or BAT-share lanes, are
prevalent (57%); and mixed combinations of these and mixed traffic brings the number to
89% of the corridors. Queue jump or exclusive ramps are planned for only afew
corridors (8%).

For about one third of the corridors, only limited planning information was
available so dl of these numbers many well increase. For the most part, stops and shelters
are planned with branding but not necessarily with rail like amenities except for
information and fare collection.

2.2.2 Manufacturer Study Findings

The Manufacturers Study explores U.S. manufacturers supply capabilitiesin the
competitive, globa market context from data devel oped through meetings and interviews.
Key points of discusson are present and future production plans and the Community
Study preferences. Not al manufacturers contacted in Table 2 responded.

Table 2 - Manufacturers Contacted for Study

| Chance Coach, Inc.* | NEOPLAN USA Cor poration | Nova Bus*
| GILLIG Corporation | New Flyer of America | Orion BusIndustriesinc. *
| Motor Coach Industries* | North American BusIndustries, Inc | TransTeq

| * Contacted and only partial information provided for this preliminary report.

The Community Study data indicates that the vehicles desired by the communities
represent a service expansion rather than replacement vehicles. The manufacturers have
the caoauty and the growth flexibility to respond to the quantities. For example:

Current Backlog istypicaly 15 months, ranging from 8 to 20 months

Backlog Growth ismixed - some are at industry growth rate, some flat or negative

Manufacturing Capacity is more than 6,000 vehicles per year with 1 shift

Manufacturing Capacity can grow, preferably through addition of fractiond shifts

The manufacturing sector has an increasing number of models available.
Research and development is also cresting a growing selection of propulsion systems and
fuels, dectronics, comfort and amenity options plus styling, materials and maintainability
changes. Highlights of the models available for order include:

Three 60-65" Step-Low Hoor Articulated Vehicles
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Eight 40-45' Step-Low Floor Non-articulated Vehicles

Three 40-45 Continuous-Low Floor Nontarticulated Vehicles

Nine 30-35' Step-Low Floor Nontarticulated Vehicles

Three Artics offer diesel power, two CNG, one LNG and one Dual-Mode Hybrid

Research into noise reduction and hybrid propulsion or reduced emission

propulson systems s definitely a priority with the dominant manufecturers. The
following are in some stage of development by the U.S. manufacturers:

2.2.3

4-5 New Articulated models plus 2-3 40-45 modds
4 Pardlld and 2 series-hybrid Non-artics (7 R& D supplier partners available)
3 Fud cdl bus programs

Study Implications

The Implications Section combines the results of Community preferences and the

Manufacturers responses to answer the question: can the manufacturers supply the
vehidesfor BRT community plans? The answer depends on the type of vehicle:

Domestic manufacturers are not now delivering a Community preference - 60-65°
Continuous-Low Hoor Artic, with Sieek, Modern, Futuristic or even Rail-like
gppearance (suggesting “ speed” or new), Quiet, and with Docking Guidance
Some properties seeking such vehicles have gone oversess

Thisisa“product” issue not a*“ capacity” issue

For 30-35" and 40-45 vehicles, modds are currently being delivered by the
domestic manufacturers that will satisfy the mgjority of the trandit properties

The analysis of the demand and the supply, from both perspectives, defines some

implications. Listed briefly here are the highlights for future indusiry dialogue:

Appearance.

Communities Prefer - Sleek, Modern, Futuristic or even Rail-like appearance
suggesting “ speed”.

Manufacturers Response - Seek, Modern, can be supplied wheress Futuristic or
“Rall-like” can be supplied but the style changes are in the “beholders eye’” and
S0 needs more definition or convergence to minimize customization.

Continuous-L ow Floor.

Community — adds to appearance, bus apped, and door placement options.
Manufacturers — reduces seating capacity, affects components selection and
Creates a maintenance access issue, but can be avallable with industry input.
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uiet.

Community — interior and exterior noise reductions are definitely important.
Manufacturers— al are addressing noise control, EPA rules may require added
engine cooling increasing fan noise; hybrids can help but will teke time and
aggressive sound contral is possible with engineering and investment.

Docking Guidance.

Community — adds to system speed and bus image/appedl.
Manufacturers — some test program experience, development is being spurred by
bus callison avoidance systems, potentid for alow cost system with alittle time.
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3.0 Study Plan and Design

3.1 Purpose of the Vehicle Demand and Supply Analysis

The study purposeisto characterize the U.S. demand for vehicles by BRT
communities and the capability of the U.S. manufacturers to meet that demand or
implications. The study three-fold purpose is broken down into three elements that are
highlighted as goasin the Table 3 below. The gods are to gather data from both transit
properties and the domestic manufacturers and to develop implications about the demand
and supply from the community and manufacturing sector perspective.

Table 3 - Study Threefold Purpose

BRT Community Vehicle Demand and Supply Study Elements

Study Element Element Goal

Characterize the U.S. Transit Properties’
Communities Study demand for vehicles to support BRT Corridor
service plans

Explore the ability of the U.S. Bus
Manufacturers Study Manufacturing Sector to meet the transit
properties’ demand for vehicles

Develop implications about the issues and a

Industry Implications perspective for possible future dialogue

After characterizing what the communities want in the vehidesfor their BRT
plans, the Manufacturers Study data will help answer the question: Can domestic bus
manufacturers meet the community demand? Answering this question entails exploring
the concerns and issues raised by the bus-manufacturing sector. The intent of the
implications section is to show an aggregate view of each issue from both the community
and manufacturing perspectives. Implications so developed may suggest some answers
or provide afocus for future dialogue or actions. Note that defining or even suggesting
future actionsis not part of thistask.
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3.2 Community Study Goals, Objectives and Approach

Accomplishing the over-al purpose sarts first with the capture of data from the
communities. An interview approach isthe main tool for thisstudy. This subsection
details the god's, objectives and approach for collecting the information from the BRT
communities.

The specific god of the Community Study task isto compile information about
eaech trangt property’ s BRT corridor plans and strategies for the time period 2002 to
2012. Thistask accumulates the following information by identified BRT corridors (if
available) as shown in the Table 4 below.

Table4 - Community Study Goals. Capture BRT Plansand Vehicle I nformation

Quantities of vehicles — by corridor for each community
Vehicle delivery timing — by corridor

Vehicle characteristics — by corridor
- type, dimensions, doors and interior design, propulsion
and fuel, image and exterior requirements

Supporting technologies and infrastructure — by corridor
- vehicle guidance, vehicle location (AVL), signal interface,
information display, fare collection, lane/right-of-way and
design features, station requirements
Respondents rate information as — “firm,” “near firm” or
“planning” numbers depending on the estimated certainty of
project elements.

This sudy uses an interview formeat and, a times, will have limited or incomplete
data. Some trangit properties are not far enough aong in their planning to provide
detailed data for the sudy. Therating of firm (80-100% certainty), near firm (50- 80%
certainty) or planning numbers (50% or less certainty) was compiled but was not used to
discount the numbers. The results are not a Satitical “projection” but rather asmple
cataoging of data.

The objective of capturing this datais to determine the quantities and what types
of vehicles the communities' desire to complete their BRT plans. The“what” is culled
from “preferences’” expressed in the interview data. In some cases, more than one choice
was being considered but for the data compilation here, the primary selection is used.
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The datais cast in charts, to suggest the rough trends in the size and character of
the BRT demand for vehicles over the years 2002-2012, from the communities studied.
Specific objectives for the formulation and presentation of this data are listed in Table 5.

Table5 - Community Study Objectivesfor Results

Aggregate the number of vehicles planned for delivery each year
from 2002 to 2012, by type

Cumulate potential vehicle deliveries by type (2002-2012)

Quantify demand for specific vehicle characteristics (propulsion,
fuel, doors, floors and appearance), by vehicle type

Identify and quantify, by corridors, specific BRT support
technologies and infrastructure

This study task isadirect result of an “Action Plan” lineitem. The approach was
to execute the steps shown in Table 6. At earlier BRT Workshops, mesetings with the
FTA officids, U.S. bus manufacturers and trangt properties helped identify some
important data items recommended for incluson in the initid study.

Table 6 - Approach to the Study

Discuss stakeholder analysis interests at workshops
Formulate the Community Study goals and objectives
Select the Communities for the study

Compile BRT corridor background data on communities
Interview key BRT contacts at the communities

Compile data into spreadsheets with narrative notes

Create trend charts, analyze and evaluate the data

Prepare a narrative report

Based on these meetings and workshop participation, the CALSTART saff formulated
the community study goas and objectives resulting in a set of questions for trangit
communities. Next, after secting a set of communities, data was captured through
review of public documents and direct interviews or meetings with trangt properties.
The data was reviewed and analyzed resulting in this preliminary report.
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4.0 Community Study Results

This Section provides an initid “sngpshot” in time of avery dynamic and
evolving process of enhancing transportation systemsin the U.S. by adding BRT system
technologies. The data contained in this section includes planning information that
cariesadegree of uncertainty. While it may reflect current thinking of trangt properties
relative to Bus Rapid Trangit, the specific quantities or timing may not occur and the
preferencesidentified now may change in the future.

4.1 Transit Properties in the Study

The Trangt Properties pursued for responses for the sudy are identified
aphabeticdly in Table 7. The potentid totd vehicle quantities identified for each
respondert are shown in the columns on theright. The quantities represent the sum over
the years 2002-2012 of potentia deliveries by vehicle type for al corridors discussed
with the responding community contacts. For some of the listed “ communities,” more
than one trangt property may be planning BRT corridorsin the “region” of the listed
community. The vehicle types are defined smply as 60-65 Articulated vehicles (Artics),
and Non-articulated vehicles with lengths of either 40-45" or 30-35'. Some information
was unavailable a the time of this draft for some of the communities contacted leaving
blank cellsin Table 7. Thetiming of these quantities of vehicleswill be provided in later
charts and graphs.

Table7 - Communities, Contact(s) and Vehicle Totals from the Study

Community Contact(s) | Potential Vehicle Quantities
| Artics | 40-45 | 30-35
. Alameda-Contra Costa Transit District

AC Transit (AC Transit) 82 60
Capital Digtrict Transportation Authority

Albany (CDTA) 20
Metropolitan Atlanta Rapid Transit

*

Atlanta Authority (MARTA)
M assachusetts Bay Transportation

Boston Authority (MBTA) 146 || 117
Charlotte Area Transit System

Charlotte* (CATS)

. Chicago Transt Authority (CTA) and

Chicago Chicago Dept of Transportation (CDT) 80 355
Greater Cleveland Regional Transportation

Cleveland Authority (GCRTA) 88

Denver* Denver Regional Transit District (RTD),
U.S. 36 Transportation Management Org
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Community Contact(s) | Potential Vehicle Quantities
| Artics | 40-45 | 30-35
El Paso Sun Metro 10
Eugene Lane Transit District (LTD) 15
Fort Callins Transfort Dial-a-Ride, City of Fort Collins 12
Hartford Connecticut Department of Transportation 44 10 10
Department of Transportation Service, City
Honolulu and County of Honolulu 45
Regional Transportation Commission of
LasVegas Southern Nevada (RTC) 40
o Louisville Transit Authority River City
Louisville (TARC) 22
L os Angeles County Metropolitan
LosAngeles Transportation Authority (LACMTA) 1158 || 143
Miami Miami-Dade County Transit Agency 10 600
Montgomery Public Worksand Transportation, Division
County Transit Services, " RideOn" 166 357 33
New York MTA Longldand Bus 550
Northern Virginia Virginia Department of Rail and Public 107
(DullesCorridor) Transportation
Orange County Trangportation Authority
Orange County (OCTA) 114
Orlando* Central' Florida Regional Transportation
Authority
Phoenix City of Phoenix 15 58
. Port Authority of Allegany County
Pittsburgh * Planning Department
. San Diego Metropolitan Transit
San Diego Development Board (MTDB) 60
Puerto Rico Highway and Transportation
San Juan * Authority (Metro Bus Authority)
Santa Clara Valley Transportation
Santa Clara Authority (VTA) 120
King County Metro Transit and Seattle
Seattle County Sound Regional Transit 357

*No information available for the community in thispreliminary report
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The potentia quantities are developed from a number of sources. In some
regions, multiple organizations are collaborating on plans. In other cases, study
information about future needs was available and dso incorporated. Some of the
communities have some large quantities identified. For example, in Los Angeles,
LACMTA has two Requests for Proposals with atota quantity of 816 Articulated
vehicles for ddivery in future years plus an identified need for agrester amount. That
combined quantity resultsin atota of 1,158 Articsfor LACMTA.

The numbersfor New York on Long Idand are very preiminary and may well be
understated since some of the planning documents suggest a need for up to 1,270
vehicdles. A tota of 550 are estimated for delivery in the 2002 to 2012 time period.

Miami isinterested in doubling the number of their BRT feeder vehicles (30-35' buses)
to support their BRT growth plans, and atota of 600 are included in the compiled data

The quantities attributed to the various communities should be kept in mind when
reviewing the trends depicted. The aggregate numbers reflect the present thinking in the
community and preferences. The absolute quantities are presented without discounting in
this prliminary document. This document is under review so any number below or in
subsequent chaptersis subject to change.

4.2 General Observations

The underlying factors motivating the communities to explore BRT dternatives
are growing population and roadway congestion. The economics of transit and success
gtories from communities who have tried implementing BRT systems aso contribute.

For the most part, the BRT systems add capacity aong existing routes or can creste
whole new routes. It is an added capability to move people, or mohility, as part of a
regiond trangportation system. In some cases, this added mohility is planned to displace
people from single occupancy vehicles and into public transportation.

The numbers of vehicles represert agrowth in the trangt system service capecity.
The BRT sarvice can overlay the planned growth in the community transt and local
trangportation system. For the most part, these numbers represent a Service Expansion.

4.3 Types and Numbers of Vehicles

The communities studied selected three basic types of vehiclesfor their future
BRT system plans. Although not al communities have reported in, the data shows some
interesting trends.

The annua number of potentid or planned deliveries of Articulated bus-type
vehicles (60-65'), Non-articulated buses (40-45') and Non-articulated buses (30-35') can
be added year by year for acumulative annud totd. This cumulative, annud totd
(number of potentia deliveries) is plotted, by each type of vehicle, over the years 2002 to
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2012. Fgure 1 plotsthe cumulative tota for each of these types of vehicles by caendar
year which totals to a quantity of 5,004 vehicles by 2012.

Cumulative Total
Potential Vehicle Deliveries, by Type

6000
0 30-35' Non-Artic

5000 E 40-45' Non-Artic
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@ 4000
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Calender Year

Figurel - Cumulative Total Potential Vehicle Deliveriesper Year by Type

The datain Figure 1 represents planned deliveries looking forward from July
2002. It doesnot reflect dl of the ddliveries of vehicles necessarily ordered prior to
2002. Only four communities were planning to receive vehicle ddiveries actudly in
2002. The datafor 2002 and 2003 is preliminary and will be refined through follow-up
interviews with communities. The potentia deliveries beyond about 2009 fal off from
the growth in the earlier years. This effect rdates to the number of communities and the
timing planned for their vehicle ddiveries

The effect of the ddivery timing is shown by aplot of the cumulative number of
communities contributing to the potentid deliveries. By adding the number of
communities the year that each one begins taking vehicle ddiveries and plotting the
cumulative totd an interesting effect can be seen. Figure 2 isaplot of the cumulative
number of communities plotted the year they begin taking ddliveries of their vehicles.

For example, in 2002 in Figure 2, atota of four communities plan to begin
receiving the vehicles for their BRT corridors. 1n 2003, an additiond four other
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communities plan to begin accepting planned ddiveries resulting in the cumulaive
number of eight. By 2008, dl the communities responding to this study will have entered
the pool and will continue receiving vehicles for other corridors, but earlier

Cumulative Number of BRT Communities Receiving
Planned Vehicle Deliveries

25

20

15
Cumulative Number
of Communities
10

>

0 I I I I I I I I I I

2002 2004 2006 2008 2010 2012
Calender Year

Figure2 - Cumulative Number of BRT Communities

entering communities will have completed delivery of ther vehicles. Thetrend in Figure
1 shows a corresponding fal-off in cumulative deliveries after 2009. Perhaps, with other
communities becoming BRT participants in the next few years, that trend may be
reversed and the cumulative growth in vehicles sustained.

An important note is that Figure 1 represents potentia orders that have been rated
afirm, near firm and planning numbers. The degree of certainty was discussed with the
respondents interviewed and who provided the data. A “Firm” rating represents 80-to-100
percent certainty, “Near Firm” a 50-to-1ess-than-80 percent certainty and “Planning
Numbers’ arerated a roughly 50 percent certainty. Figure 3 illustrates these numbers by
year of delivery for Articulated Buses for each rating (Firm, Near Firm and Planning
Numbers). Figure 3 illustrates that as one moves farther into the future, the certainty of
an edimated ddivery quantity moves from primarily Firm to primarily Planning
Numbers, i.e. less certain, which is to be expected.
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Figure 3 - Articulated Vehicle Deliveries- Firm, Near Firm, and Planning Numbers

As mentioned previoudy, the vehicle quantitiesin this analysis represent a
Searvice Expansion and not replacement vehicles for transit properties. Datafor total
potential Artic orders out to 2006, obtained from APTA, shows a quantity of 1,387
Artics. The APTA data represents alarger group of trandt properties than in this sudy.
From Figure 1, the total cumulative number of Articsin this study for 2006 is 1,212.
These quantities are “close” but the 1,212 Artics are planned for the BRT communities
whereas the 1,387 Artics are alar ger group of properties that include replacement Artics
aswdl asthe articsfor the BRT Communities, according to APTA. Thereisan overlap

in the two data sets.

The extent of overlap was determined by comparing the total Artic quantities
property by property between the APTA potential orders and potentia deliveriesin this
Community Study out to the year 2006. Of the 1,212 Articsin this study, 733 vehicles
designated for BRT corridors were not included in the APTA dataindicating a service
expangon. This Community Study aso identifies an additiona 479 Artic service-
expangon vehicles that were included in the APTA data as potentia Artic orders. The
balance of 908 vehiclesin the APTA datais considered “ replacement Artics.”

Theimplication is that replacement Artics quantities may average from 200 to
250 per year and the Service Expansion Artics for emerging BRT corridors may add an
additional quantity of 400 per year. The number of 400 per year is the average annua
total in Figure 3 during the years 2004 to 2009. Thetotal of both Artic types could grow

to 600 to 650 per year.
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4.3.1 Vehicle Type Breakdown

The balance of the vehicle preferences discussions uses the total potentia
deliveries for each type of vehicle over the time period 2002 to 2012. Figure 4 below

Total Potential Deliveries - by Vehicle Type (2002-2012)
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Figure4 Vehicle Type Breakdown, Total Potential Deliveries 2002-2012

showsthe total deliveries by type and Figure 5a and 5b compares the data from this study
and from APTA interms of percentages. The BRT communities plan on more
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Figure5a- Community Study Breakdown
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high-capacity vehicles than the bus trangt industry as awholein the United States. The
public bus trangportation system supports a multi-tier system of vehicles and service.
The BRT sarvice makes use of higher capacity vehicles as shown by comparing the
percentages of vehiclesin Figure 5.

4.4  Vehicle Propulsion

This sub-section discusses the types of propulsion systems and fudls that
communities are beginning to include in their plans. The dataand discussions are
organized under the vehicle categories described in Section 4.3, namely, 60-65’ Artics,
40-45 Nontrartic and 30-35' Non-articulated Buses. Some communities are farther along
in their selections than others but for the purpose here, the values of Firm, Near Firm and
Planning Number quantities and selections are aggregated. For some communities where
aselection was il pending or open, the choices were noted. In this section, when such a
choice Stuation arises the data used reflects the current choice (for example, the type of
fud in use presently by that community) and then the dternate will be explored in the
future.

4.4.1 Articulated Bus Propulsion and Fuel

The Articulated buses sdected by the communities sudied had propulsion
systems that include the internal combustion engine (ICE), various types of hybrid-
electric drives and dual-mode drive. Dua-mode drive sysems typically use an eectric
traction motor and an ICE as generator on-board, but the vehicle can switch to an off-
board electric power source such as an over-head catenary dectric power distribution
system. A diesdl-electric trolley-bus, for example, can be powered by an overhead
catenary. Some properties have dual-mode trolley-buses which alow the vehiclesto run
without the over-head power (on the generator) for part of the route.

The fue types planned by the communities for potentid Artic ddiveries are
shown in Figure 6 include diesd, low sulfur diesdl, compressed natural gas (CNG) and
liquefied naturd gas (LNG). Dua mode busesthat use an ICE are included in the totas
and aretypicdly diesd powered in the generator mode. Some of the hybrid-powered
vehicles had battery packs and would use one of the fuels. The battery eectric hybrid
totals are dso included with their generator/ICE fue type. The“dl fuels’ category
reflects the same number of potentia Artic ddiveries discussed in earlier sub-section 4.3
in Figure 4.

Although bio diesd was a study category, none of the communities polled were

consdering that fuel for use. This data can be compared again to the APTA higtorica
datafor fudsfor the time period 1990-2000. Diesd fueled 90 percent of the
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Figure 6 - Propulsion Fuelsfor Artics

trangt busesin 2001. Use of CNG and blends steadily grew during the decade, being
used in 7.5 percent of the busesin 2001. LNG fuded 1.5% of the busesin that year also.
As can be seen from Figure 6, Artics planned for BRT corridors may well use more
cleaner burning fuelsin the next decade.

The growth of Hybrid Electric drive-trains for propulson of the Articulated
vehiclesis evident when comparing data from this study data to historica data provided
by APTA. Based on APTA datafor 1990-2000, hybrid el ectric systems represented less
than atenth of one percent of the trangt buses when trolley buses are excluded. Figure 7
shows that amogt athird of the potential Artic ddiveries may sport hybrid eectric drives
infuture years. Thisisten times the number in trangt in 2000. These hybrids will be
powered by largely ether low sulfur diesd or CNG as shown in Figure 8.
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Figure 8 - Fue Comparison for |CE and Hybrid Artics
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4.4.2 Non-articulated 40-45’ Vehicles Propulsion and Fuel

The propulsion and fudl selectionsfor the 40-45" buses are shown in Figure 9.
The ICE isthe propulson system of choice except for 30 vehicles where one community
IS open to congdering a hybrid propulson systlem.  Also, one community is planning to
take ddivery of 3 fud cdl buses (not shown in Figure 9). Surprisngly the fud choiceis
till open for over 50 percent of the vehicles (667).

Fuel Preferences 40-45' Buses, 2002-2012
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Figure 9 - Propulsion and Fuel Preferencesfor 40-45' Non-articulated Buses

4.4.3 Non-articulated 30-35’ Vehicles Propulsion and Fuel
The 30-35" Non-articulated buses are BRT feedersin the planners dternatives.

Primarily one community accounts for 600 of these vehicles. The propulson choiceis
conventiond |CE and the fuel of choiceisdiesdl as shown in Figure 10.
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30-35' Non- Articulated Vehicle Fuels
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Figure 10 - Non-articulated 30-35' Vehicle Propulsion and Fuels Selection

45 Vehicle Body Preferences

This section covers doors, floors, appearance and interest in advanced features
such as guidance for the three types of vehicles. Charts are organized by vehicle typein
this subsection.

45.1 Articulated Vehicle Feature Preferences

Door preference in terms of numbers, types of doors and their placement reflected
community ridership, sop/station design, fare collection and seeting interest as well as
basic type of route. For the most part, on Articulated vehicles, 3 doors was the
preference for 48% of the potentid deliveries as shown in Figure 11. Almost 800 were
undecided at thistime but typically werelooking at 2 and 3 door designs. Some center-
located 2 door vehicles were a preference for about 20 percent of the potentid ddliveries.
Some, about 210, were interested in 4 doors, and in one instance 5 doors with an opposite
sde single door as the fifth door.
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Door Preference, Articulated Vehicles, 2002-2012
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Figure 11 - Door Preferencesfor Articulated Vehicles

Floor preference was low floor without a step for Articulated vehicles as shownin
Figure 12.

Artics by Floor Style Preference, 2002 - 2012
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Figure 12 - Preferencesfor Floor Stylesin Articulated Vehicles
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Articulated vehicles were often characterized in appearance as “ deek, modern,
futuridic, rall-like’ and anything that denotes speed and new. Thisincludesthe interiors
aswdl. Thisisreflected in closeto a4:1 preference for “deek, modern, futuristic, rail-
like’ over “paint, branding and logo” as shown in Figure 13. The meaning of the
adjectivesis clearly in the eye of the beholder but these adjectives were mentioned
conggently in the interviews by the respondents.

Artic Appearance and Feature Preferences
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Figure 13 - Vehicle Appear ance and Featur e Preferences, Artics

Low noise drive systems were another advanced festure mentioned in conjunction
with “deek, modern, futuristic or rail-like” Asshown in Figure 13, well over hdf of the
potentia deliveries were interested in “ deek, modern, futurigtic or rail-like’ vehidewith
a“quiet, low-noiseg’ propulson system. Only one property had a specification relating to
noise (10 dBA lower requirement for exterior noise). Interestingly, when looking at the
communities who preferred the deek, modern, futuristic or rail-like appearance, almost
half were interested in considering or specifying guidance capability.
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4 5.2 Non-articulated 40-45’ Vehicle Feature Preferences

This section captures the preferences for doors, floors and appearance for 40-45°
Non-articulated Vehicles. Figure 14 indicates that door-opening count is gill an issue for
some communities. Likewise, floor height, shown in Figure 15, is open, but dmost haf
are leaning toward continuous low floor.
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Figure 14 - Door Preferences, 40-45' Non-articulated Vehicles
40-45' Non-Artic Floor Preference
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Figure15 - Floor Preferences, 40-45' Non-articulated Vehicles
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The communities accept branding and logosto signd a BRT system vehiclein the
40-45 lengths as shown in Figure 16. Likewise, only one community out of the twenty-
two contacted was interested in considering guidance for the vehicle. Noise was not
highlighted as an issue.
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Figure 16 - Appearance and Featur e Prefer ences, 40-45' Non-articulated Vehicles

45.3 Non-articulated 30-35’ Vehicle Feature Preferences

One community was interested in adding vehiclesto tharr “BRT” systemin a 30
foot length. Asshownin Figure 17, their preference isfor 2 wide doors and a stepped
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Figure 17 - Door and Floor Preferences, 30-35' Non-articulated Vehicles
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low floor is acceptable. Other communities were interested in smdl quantities and had
not yet selected door opening requirements or floor height.  When considering
gppearance, again a Sngle community dominates in this sudy with a 600 vehicle
planning requirement. But the desireisto have a unique, Speedy image even a 30 feet in
length. Likewise, thereisinterest in guidance for docking to help with system speed.

30-35' Non-Articulated Vehicle Appearance
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Figure 18 - Appearance and Featur e Preferences, 30-35' Non-articulated Vehicles

46  Support Technologies and Features
The communities have avariety of support technologies thet they are

implementing or planning to implement for BRT. Table 8 identifies the category of
technology and the types or classes of technology being used by the communities.

Table 8 - Supporting Technology Preferences

Support Technology Community Selections
Automatic Vehicle L ocation GPS, radio, roadway sensors, combinations,
(AVL) AVI tags
Traffic Signal Interface Priority, preemption

On-bus— automatic audible stop call outs, LED signage;
Information Off-bus— L ED signage, count-down monitor, busarrival
signal, NextBus, interactiveinfo
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Support Technology Community Selections

Off-board - Proximity Cards, Proof-of-payment, Ticket
Fare Collection Vending Machines
On-board — conventional with passes

Exclusve ROW, mixed HOV, fixed guideway, mixed

traffic, queuejump, exclusiveingress/egr ess, business and
transit lanes, reserved lane, dedicated tunnel, geometric
inter section improvements

Roadway Infrastructure

Shelters, dedicated stations, convertible (torail) stations,

Stations/Stops service amenities

The Community preference “trends’ for the technologies in Table 8 are indicated
in Figure 19 asapercentage.  Although not al communities had sdlected specified a

Infrastructure Preferences

(Note - Technology has not been selected for some BRT Corridors)
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Figure 19 - Aggregate Preferencesfor Infrastructure Technologies

technology sdlection or preference for aparticular corridor, the preference is expressed as
the number of corridors out of the total number of corridors (as a percent) that preferred
or selected atechnology. For any corridor, for example, a community might select or
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prefer any one of anumber of AVL technologiesto implement. The number of those
corridors are added together and divided by the total number of corridorsin the study
(77). Theresultsare shown in Figure 19. Many of the communities are dready
implementing AVL, signd priority or preemption, ortboard information sgnage or audio
cdl out systems, off-board information signage and off-board fare collection or cashless
fare collection.

Another important feeture of BRT sysemsis the route trestments for their impact
on system speed. Figure 20 provides a*“snapshot” of the reporting communities: busway
or bus lane selections as a percent of the total number of BRT corridors. The Study

Busway or Lane Types

50%

40%

30%
Percent of

Corridors
Reporting 20%

10%

Exclusive, HOV, BAT Mixed Traffic, Queue jump,

dedicated, Combined exclusive
guideway, Dedicated ramp,
reserved Mixed intersection
geometrics

Figure 20 - Busway Infrastructure Types

results show that up to 43 percent of the corridors can be classed as “exclusive, dedicated,
guideway or in some way areserved lane” HOV, mixed HOV or a“Busness And
Trangt” (BAT) curb-lane type of lane was planned for 14 percent of the corridors. Over
30 percent of the corridors involved some route portion that was mixed traffic combined
with some form of exclusive or HOV lane. Someloca geographies and city

development have led to selection of adedicated tunnel to implement a BRT system.
Queue jump and exclusive or limited-share lanes are less prevaent in the corridors
reported.
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Congderation is being given to stations that can be converted at a later date to rall
gtations for a couple of corridors. But, for the most part, stops and shelters are planned
with branding but not necessarily with rail like amenities except for information and fare
collection.

47  Summary of Community Study

This subsection summarizes the key results of the Community Study. Some
findings of the VVehicle Demand and Supply Andys's are not unexpected:

BRT mode planning represents a Service Expangion

Higher capacity vehicles, 60-65" Artics (62 %) and 40-45’ Non-artics (23%),

together are 85% of the mix

The preferences for the Articulated vehicles are highlighted in Figure 21. The
communities indicate that continuous low floor isaclear preference. The appearance

Articulated Vehicle Appearance and Feature Preferences

0% 20% 40% 60% 80% 100%

| I | |
Continuous Low Floor |

Sleek, Modern, Futuristic, Rail-Like 7 | | | |

Image i
ICE Power with Fuel Type OCNG Fuel
3 or 4 Doors (2 Dbl Stream) mLSF
7 mDiesel
No Door or 2 Door Preference | | [ | | =3 Doors
Quiet | O4 Doors
i | @ No Pref

Docking Guidance |

4 O2 Doors
Hybrid Power with Fuel Type :*

Figure 21 - Ranked Preferencesfor Articulated Vehicles

of the vehicleis described in terms that suggest speed and something new, ranging from
deesk, modern to futurigtic and rail-like. Almost 80 % of the vehicles are described in

such terms and just counting communities the number is over 75%. Over 65 percent of

the vehicles are planned as | CE powered and fuded with CNG (34%), Low Sulfur Diesd
(24%) or Diesdl (9%). Door preference is mixed with 3 doors representing 49 percent but
some communities not expressing a salection yet (but were leaning to 2 or 3 doors) were
fairly high. Over 40 percent of the Articsin the study are desired ina“ quiet” or “low
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noisg’” configuration. Surprisingly, dmost an equal number were interested or
consdering specifying a docking guidance technology (no specific technology). About a
third of the Articulated vehicles were preferred in a hybrid drive system configuration
with CNG (9%), Low Sulfur Diesdl (18%) or Diesd (6%) as the generator fuel.

The 40-45' Non-articulated V ehicles were planned as a conventiona bus based on
the key preferences as summarized in Figure 22 below. The gppearance, an issue for the
Artics, was dominated by a paint, branding and logo preference. Likewise, the
propulsion power was also conventiona with the ICE the clear preference. Fud selection

40-45' Non-Articulated Vehicle
Appearance and Feature Preferences

0% 200 40% 60% 80% 100%

Branding and Logo |

Internal Combustion Engine |
No Fuel Preference

Fuels
No Door Select
2 Doors CNG
o D/LSF

No Floor Select
Continuous Low Floor LNG

Step Low Floor :ﬁ

Figure 22 - Summary of Non-articulated Vehicle Preferences

was not settled on for over 50 percent of the 40-45' vehicles. Of the fudls preferred,
CNG and LNG accounted for over 30 percent and diesal/low sulfur diesdl accounted for
amost 10 percent. Doors and floors also showed alarge number of the communities are
gill undecided. When door sdlection preference isindicated, the preferenceis for 2 doors
on the 40-45' vehicles. FHoor preference shows continuous-low floors preferred in at
least 40 percent and step-low floor for about 20 percent of the vehicles.

In regard to the 30-35' vehicles, respondents show a preference for step-low floor,
two doors and, interestingly, adesk, modern look. Miami is contemplating possibly
doubling their BRT feeder routes with these vehicles and, therefore, prefer the deek,
modern appearance.
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5.0 Manufacturers Study

5.1 Purpose, Goal and Objectives

The purpose of the Manufacturers Study isto provide a perspective on the U.S.
domestic manufacturers readiness and potentia response to the BRT communities
growing demand for vehicles and the preferencesin those vehicles. Thisismerely a
snagpshot and not intended as aprojection. Fundamentaly, the fulfillment of the future
supply requirements will be based on the business case asit evolves for the individud
companies. A number of industry factors can influence and affect the individuad business
case.

The god isto capture information about current domestic manufacturers that
supply the U.S. trangit properties. The objectiveisto compile the bus manufacturer’s
information in away that characterizes the sectors  capatiilities, in an internationa
context, to supply of the vehicles preferred by the BRT communities. Thiswill be done
by identifying industry metrics and capabilities listed in Table 9.

Table9 - Manufacturers Study Objectives

Current Backlog
Manufacturing Capacity
Capacity Growth

Present Models Available for Order
Vehicles or Technologies in Development
Technology Partners

Response to Community Priorities
= Propulsion, Fuels,

= Appearance, Doors, Floors

= Noise Control

= Guidance
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5.2 Approach

The approach is data gathering and aggregetion through interviews, both in-
person and via telephone, to refine publicly available data. Data and observations, based
on the data, are reflected in comments in the aggregate to overcome competitive
sengtivities yet provide afaithful representation of the U.S. bus manufacturing sector.
Various reports, such as APTA Fact Book, and other public sources provided information
about the various companies and ther products. This data was aggregated, keeping in
mind the results of the community study, to provide the industry “supply capability.”

5.3 Domestic U.S. Suppliers Studied
The dominant, domestic U.S. suppliers of trangt vehicles, asidentified in the

APTA 2001 Fact Book based on deliveries are as shown in the Table 10 below. AVS,
EBus and TransTeq were added to the list to round out the study. Some specidty

Table 10 - Domestic Bus M anufacturersin the Study

| Chance Coach, Inc. *

| GILLIG Corporation

| Motor Coach Industries *

| NEOPLAN USA Corporation
| - New Flyer of America
|
|
|
|

North American Bus Industries, Inc.
Nova BUS *
Orion Bus Industries Inc. *

* Contacted and only partial information provided for this preliminary report.

suppliers such as TransTeg, AV S and EBus are contacted because they have seized on
select technologies such as hybrid-eectric drive systems, low noise and low floor
vehicles to supply highly visble service in select communities

5.4  Manufacturer Study Results
Backlog. A collectivelook at U.S. manufacturing capacity is shown in the Table
11. Thetop 8 of the domestic manufacturers collectively are carrying an 8 to 20 month

backlog in orderstotaling from $ 1.5t0 $2 B in ordersin U.S. trangit bus ddliveries (even
moreif options areincluded). This could represent approximately 7,000 to 8,000 buses.
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Table11 - Manufacturer Perspective on Production Capacity

Industry Study

Element Manufacturers’ Response

- Ranges from 8 to 20 months (Typically 15 months)
Backlog as of 2001 -~ 7,000 to 8,000 units
~$ 1.5 to 2.0 Billion

Somewhat mixed across industry
Growth in Backlog - Steady for dominant suppliers, one negative
Niche suppliers — modest growth

> 6,000 per year with 1 shift
For prototype models or new customers, time to initial

Manufacturing delivery is growing, typically - 400 days

Capacity . ; . . .
Capacity and engineering are in place to deliver the
types of vehicles preferred by the BRT communities
Add shifts or fractional shifts, easy but risk is morale
Add manufacturing space, non indicated any plans,

Manufacturing risk is over-capacity

Capacity Growth - Industry has sustained a ~ 5 - 8% per year since

advent of TEA-21
Reauthorization could be important to the industry

Growth in Backlog. The growth in backlog of theindividua suppliers appears
mixed, as hoted in Table 11. The growth in backlog for the largest suppliers (in 2001)
appears to be holding steady except for the gpparent exit of NovaBus. The niche
suppliers show some modest growth in backlog.

M anufacturing Capacity. Manufacturing or assembly space was expanded by
some suppliers and has accommodated industry growth in transit bus ddliveries Snce
1993. Currently, the industry delivers over 6,000 vehicles per year, essentidly, operating
with one production shift per day asshownin Table 11.

Length of timeto first delivery has been an issue. The indudtry feds that the
pressure to “custom” design vehicles for individud properties can increase time to the
firg article, which as a prototype requires additiona engineering and test. Another effect
isthe bid processitsdlf. The bid process tends to make deliveriesto “new” customers
seem longer when compared to the time for existing customers who exercise options and
receive the ddivery, sometimes ahead of schedule. Multi-year contracts with options
provides more control over delivery schedule but “new” customers for bus manufacturers
that win anew bid may find the first delivery times are longer than desired. The net
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effect of ether Stuation isagrowth in firgt article ddivery times with an accd eration of
the time for subsequent ddliveries.

The growth in manufacturing capacity and engineering to ddliver the vehides for
the BRT communities, especidly the Articulated vehicles, is definitely there according to
the manufacturers interviewed. The product and design preferences are an issue which
will be discussed in the Study Implications, Section 6. The information from APTA
underscores the manufacturers view as suggested in Figure 23 below.

Articulated Vehicle Deliveries, APTA Fact Book
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Figure 23 - Articulated Vehicle Deliveries 1990 - 2001, APTA Data

During the time period 1990 to 2001, as shown in Figure 23, the U.S.
manufacturers ddlivered close to 100 Artics per year early in that time frame. Later, from
1997 on, the deliveries climbed up to a peak of 591 in 2000 then dropping back to 151 in
2001. These Artics, according to APTA, were replacement Artics. As noted from the
Community Study Resultsin Section 5, the average production rate anticipated for the
combined BRT and replacement Artics may be 600 to 650 per year.

M anufacturing Capacity Growth. Despite the assurances of capacity to
respond to increased production of Artics, the question of options for adding capacity was
aso asked of the manufacturers. Asnoted in Table 11, growth in production capacity can
occur in two ways. adding shifts or adding assembly space. Current production appears
accommodated by essentialy 1 shift and capacity can be increased by adding shifts.
Respondents fdlt that adding shifts or partid- shiftsis risky to morae but less risky than
adding more space. Some fed that there may even be an over-capacity in manufacturing
assembly space at the present.

38



Bus Rapid Transit Vehicle Demand and Supply Analysis
September 2002

Findly, the industry as awhole has been able to continuoudy grow in annud
ddiveries a arate of 5 to 8 percent, steadily from 1993 to 2000. The advent of TEA-21
and subsequent reauthorization contributed to this growth as did the response of the
public to improvementsin trangt. The current Reauthorization will so have an effect
on BRT.

Current Vehicle Mix. Table 12 below highlights the current mix of vehicles and
technologies available from the U.S. bus manufacturers for the BRT communities. The
most noticeable issue isthat the current model 60" Articulated vehicles are not available
from the domestic manufacturers with Continuous-Low Foor or specia appearance
options. There are some modds in development that might well address both issues to
some extent but are not available for ordering currently (although possibly for bids). The
current mix of 40-45' and 30-35' vehicles available from domestic bus manufacturers
should mest the vehicle requirements for the BRT communities.

Table12 - Vehicles and Technologies Available or in Development

Industry Study

Element Manufacturers’ Response

3 Step-Low Floor 60" Artic Models in Production

4 Step-Low Floor 60’ Artic Models in Development with
Potential for New Features or Appearance

Current Vehicle Mix - 11 40-45’ Non-artic Models in Production, Step-Low
and Continuous-Low Floor

>10 30-35’' Step-Low Floor Non-artic Models in
Production

2 Series hybrids in production

4 Parallel Hybrids Models in Development
Advanced - 2 Vehicles with Composite Structure
Development - 2 New Model Artic

1 New Model Standard (appearance, amenities)
2 Fuel Cell Models in Development

- BAE (HybriDrive); Allison (EP Drive);
Hybrid-Drive System - ENOVA, Dana/Alstom, Siemens, Solectria

R & D Partners (series hybrid drive);

ISE Research; Capstone, TransTeq (Various)

Development and Partners. Asshown in Table 12, in the overal industry, new
models with advanced hybrid propulsion and technologies are on various drawing boards.
Pus, some strong technology partners with well-known names are developing hybrid
drive systems to supply domestic manufacturers.
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Findly, the Manufacturers Study addresses the specific domestic manufacturers
perspective on BRT technologies and specific Community vehicle preferences expressed
in Section 4. Table 13 highlights the domestic bus manufacturing sector responses.

Table 13 - Manufacturing Sector Reponsesto Community Vehicle Preferences

Industry Study
Manufacturers Response
Element =P
Reduced maintenance — design and materials
Lighter weight — subsystems, components
Technology Corrosion control
Priorities Passenger comforts — lighting, A/C, door options
Intelligent Transportation Systems - AVL, signage,
Cashless fare subsystems
Fuels Diesel - low sulfur w/traps

Alternative Fuels: CNG; LNG

Engine Technology

Diesel and Alt Fuel ICEs in production;
Development — Series/Parallel hybrids (near term)
Fuel cell (long term)

Appearance and
Styling

Prefer a three stage program

Technology now is primarily second stage

Prefer “on-road” experience prior to next (third) stage
Preference for Commonality and/or industry dialogue
to focus “Stage IlI” models

Low Noise

Acoustic treatments, working with vendors on
subsystems

Series/Parallel hybrids reduce noise (near term)
Fuel cell can substantially reduce noise (long term)

Guidance System

PATH Magnetic RSG System for Docking

Technology Priorities. The U.S. bus-manufacturing sector isworking on

technol ogies to reduce the cost of maintenance and to enhance the BRT service. New
subsystems, components and materias offer welght savings to accommodate community
design, styling and propulsion preferences. Passenger amenities and comfort items are
being offered by al manufacturers and clearly preferred by some communities. The
manufacturers embrace the BRT technologies for Intdligent Trangportation Systems
(ITS) such as AVL and display subsystems that contribute information and combine with
cashless or proof- of-payment fare collection to increase system speed.
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Fuels. All manufacturers provide diesel power trains and fuding systems. Low
sulfur diesdl including soot filters and other traps will be offered. Alterretive Fuels of
CNG and LNG are offered or manufacturers respond to requests with compatible engine
and fud systems.

Engine Technology. Hybrid technologies, both series and pardld, are dso
becoming more robust as afew manufacturers are completing revenue service trids with
new sysems/'subsystems. At least four bus manufacturers have hybrid drive powered
vehiclesin development, and one has an order for production quantities of an early
production drive systlem. Full production with hybrid sysems may well have to wait a
few more years for hybrid-drive vehicle ddiveries to reach acceptable pricing. Some
dua-mode systems are available and poised for delivery next yeer.

Appearance and Styling. Changing the appearance of vehicles ppearsasa
priority among the manufacturers, but more importantly, they prefer to minimize the
variations. The preference would be to put vehicles on the road that provide the service
necessary for BRT corridors. Thiswill dlow time for industry dia ogue about what
condtitutes suitable advanced styling for avehicle, in particular, the Articulated vehicles.
From the manufacturers perspective, such an gpproach would lower industry risk while

growing the “image.”

L ow Noise. Manufacturers are serioudy congdering lower noise techniques with
some working with acousdtic treetments. Some are looking to hybrid designsto achieve
lower noise levels.

Guidance. Specidty subsystems such as guidance options are being serioudy
consdered by manufacturers. Whilethisis primarily consdered a future technology,
sometria demos or tests have been completed inthe past. At least two manufacturers
have an interest in the Berkedley PATH Magnetic Marker Reference Sensing and
Guidance System for docking application.

Fundamentdly, the U.S. domestic manufacturers have technologies available
(fud systems, hybrids, appearance items, passenger amenities, etc.) with the partners and
the manufacturing strength to compete effectively in the globa marketplace for
production of vehiclesfor BRT service settings. The economics of the business case for
these ddiveries will have more to do with the availability of suitable vehicles than
specific requirements.
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6.0 Study Implications

The purpose of the Study Implications Section isto bring forth the issues that
have arisen from the two Studies discussed in Sections 4 and 5. This Section combines
the U.S. BRT Community preferencesin vehicles and the response in terms of vehicles
and technology from the U.S. Bus Manufacturing sector, in adiscusson format. In
providing this juxtapogtion, the intent is to reflect the demand and supply sde
perspectives in a convenient format for the reader to draw implications. Following that
are some companion suggestions for future courses of action or desires, provided again
by the U.S. Bus Manufacturing sector. Perhaps this Section will simulate future industry
didogue and pave the way for courses of action to overcome some of the issues and
shortfals. This Section isnot intended to develop conclusions or recommendations.

6.1  Vehicle Supply

6.1.1 Key Questions

Theintent of the this Analysisisto answer the questions shown in Table 14 —
whét is vehicle demand from the U.S, BRT Communities and can the U.S. bus
manufacturers supply these vehicles? The Community vehicle demand islargdy for high
capacity vehicles. But the preferences expressed for features and the vehicles available
from the manufacturers make the question easier to answer by re-phrasing asin Table 14.

Table 14 - Key Vehicle Demand and Supply Question

The BRT Study Questionsare-
What isthe vehicle demand from the U.S. BRT Communities?

Can the U.S. bus manufacturers supply the vehiclesfor
BRT Community plans?

The Combined Study Results suggest atwo-part question -

Can U.S. bus manufacturers meet community demand for
40-45' and 30-35' Non-articulated Vehicles?

Can U.S. bus manufacturers meet community demand for
60-65' Articulated Vehicles?
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6.1.2 Response to the Key Questions

Thefirgt sudy question, as shown again in Table 15, isyesthe U.S. Bus
manufacturers are in a position to supply the mgority of the communities. For the most
part, the Communities seek vehicles that can be branded or clearly identified with BRT
type service. Some uniqueness and styling features are offered by the manufacturers.
Industry production capacity can ddiver the modest increase in quantities for these
“Service Expangon” vehicles. The demand for vehicles can be satisfactorily met evenin
acomptitive, global context.

Table 15 - Demand and Supply for Non-articulated Vehicles

First Vehicle Demand and Supply Question is-

Can U.S. bus manufacturers meet community demand for
40-45 and 30-35' Non-articulated Vehicles?

The Combined Study Results suggest -

Yes, current models are available from the domestic
manufacturersthat respond to the preferences of the transit
properties.

The demand focuses on available product, available fuels and
drivetrains.

Appearance demand is Paint Scheme and L ogo primarily but
manufacturer s ar e offering mor e styling options.

Production expansion up to 200 Vehicles a year does not
represent a challenge to the existing supplier base.

The Community vehide demand for high-capacity, 60-65 Articulated vehicles
rases someissues. Ashighlighted in Table 16, dl of the U.S. manufacturers provide
Step-Low Hoor Artics. But the gap increases when other feature preferences are
detalled. Appearance and styling changes, noise control, docking guidance and hybrid
drive sysems, while in various forms are on the drawing-boards, these features are
considered unavailable now by the Communities. This hasled to some Communities
going oversees for early implementation of their BRT plans. These vanguard
implementations will be watched closdy by the industry as other communities seek
vehidesfor thar BRT systems.
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The issue here gppears to be product and image. Clearly, domestic manufacturers
can produce high-capacity, Articulated vehiclesin sufficient quantities. The Community
Study indicated some clear changes that would make the Articulated product appeding
for their BRT service. These details arein sub-section 6.2

Table 16 - Demand and Supply for Articulated Vehicles

Second Vehicle Demand and Supply Question is-

Can U.S. bus manufacturers meet community demand for
60-65' Articulated Vehicles?

The Combined Study Results suggest —

Not now — no such modelsthat are currently being delivered by
the domestic manufacturersthat reflect the community

preferences.

Community Preference Per cent of Vehicles
Continuous L ow Floor ~100 %
Sleek, Modern, Futuristic, Rail-like Appearance ~ 80 %
Quiet ~ 45%
Docking Guidance ~ 40%
Hybrid Drive System ~ 35%

Some properties seeking such vehicles have gone over seas.

Thisisaproduct issue not a capacity issue.

6.2 Perspective on Articulated Vehicle Issues

This subsection is a series of discussons that reflect the two study viewpoints on
eech individud issue. The information is extracted from notes from interviews with the
study participants. Every effort has been made to objectively portray the points regarding
each issue.

6.2.1 Continuous-Low Floor
From the interviews with BRT Community respondents, the choice of continuous-

low floor isaclear preference for dmost 100 percent of the Articulated vehicles. Asthe
interviews with the manufacturers proceeded, this was discussed with each manufacturer.
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The manufacturer interview results is compiled and presented as abullet list in the
accompanying Table 17.

Table17 - Combined Study Resultson Continuous-Low Floor Artics

Community Preference Continuous Low Floor throughout the Vehicle

Requested for almost 100% of the Artics

U.S. M anufacturers - Domestic Models available now are Step
Response L ow Floor

Low Floorsweretried by US, didn’t
succeed for variousreasons, component
selection was part of theissue

One model in development, other s— wait
and see

Seating capacity reduction isa concern

| CE Power, seating and maintenance
access concern

Alt. Fudsand axleloading isalso an issue

The domestic manufacturers al currently provide step-low floor Articulated
vehicles. In the past, domestic suppliers ddivered continuous-low floor models, but for
various reasons, such as component salection, the models “did not succeed.” The
industry returned to supplying step-low floor vehicles.

One 60 low floor Artic isin development but the other manufacturers are waiting
to have more didogue with communities. The chief concern is that continuous-low floor
affects seeting capacity. Power by internal combustion engine can aso affect seeting
cgpacity and makes engine maintenance access amore difficult issue. Alterndive fuds
such as CNG can aso be an axle-loading concern with continuous-low floor design. ICE
location also affects door placement.

Summarizing, the manufacturers can ddiver a continuous-low floor Articulated
vehicle but seating and maintenance requirements need to be compatible. Industry
discussion on the options may well helpful to provide what the BRT Communities prefer.

6.2.2 Sleek, Modern, Futuristic, Rail-Like Appearance

Probably the broadest and |east defined issueis that of the preferred appearance of
the Articulated vehides indicated by the Communities Study. The issue hereisthat the
BRT communities are seeking vehicles that convey an appesaling impression of “speed.”

A short ligt of adjectives continued to be provided by the Community participants
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interviewed for this study. Almost 80 percent of them, as noted in Table 18, used words
like “deek, modern, futuridtic, or evenrail-like’ to describe the appearance of the Artics
they desired.

Again, this topic was discussed in depth with each of the manufacturers and the
highlights of their collective response are shown in Table 18. Styling changes are
coming out of R & D groups in the manufacturers. They describe available changesin
terms of “Seek or Modern” by changing front and rear desgns on vehicles. These
changes could be made available on Artics now. More futurigtic trestments are on the
drawing boards, but their concern isthat “Rail-like” appearance elements need to be
defined. “Rail-like’ right now isin the “eye of the beholder” and aspects of appedl
elements are not well defined. The desireis that the industry pursue a phased, staged or
evolutionary gpproach with agoa of reaching the ultimate collection of competitive
designsin the future.

Table 18 - Combined Study Resultson Artic Appearance and Image

Community Preference Sleek, Modern, Futuristic, Rail-like Appear ance

Requested for almost 80% of the Artics

U.S. Manufacturers
Response - Sleek, Modern, are probably available

Futurigtic or Rail-like needs more
definition for manufacturers

Rail-like may be “in beholder eye”, may
beredated to Continuous L ow Floor issues
Manufacturerswould like a staged or
phased approach to reach “Rail-Like"

6.2.3 Quiet, Lower Noise

Concern for the vehicle exterior acoudtic profile aswell asinterior noise level was
expressed by between 42 and 45 percent of the BRT communities. This concern was
often mentioned voluntarily and not as a response, athough noise levels were discussed
with dl respondents. The results were discussed during the interviews with the
manufacturers.

Noise control is awdl-known issue with domestic manufacturers. Often noise
control and acoustic treatments are included with present models for control of interior
noise. Drive train noise reduction, both exterior and interior, isamore difficult issue, but
al the manufacturers are griving for improvementsin this area.
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The reduction or noise control issues from the manufacturers vantage point are
gpotlighted in Table 19. The firgt point that the manufacturing sector makesis that
emisson control requirements by the EPA may well increase engine cooling
requirements. The result may actudly require changes in cooling designs and fans that
could tend to increase noise levels, exacerbating the noise reduction problem.

Hybrid drive systems are expected to assist in noise reduction. Near term
solutions, especidly through hybrid propulson are doable. The reductions take
enginearing time and funding. The long range solution could be fud cdll powered
vehicles. Some manufacturers are testing such systemsin 40-45' vehicles.

Table19 - Combined Study Resultson Low Noise Artics

Community Preference Quiet, Lower Drive Noiseand Interior Control

Requested for 42 % of Artics

U.S. Manufacturers - Acoustic treatments help interior noise
Response control

EPA requirements may exacer bate Drive
System fan noise

Hybridswill help but production may be
2-3 yearsaway

Aggressive noise control will take
Engineering, $$, Time

Fue cdl drive trains may bethelong
range solution

6.2.4 Docking Guidance

Almost 40 percent of the 60-65 Articulated vehiclesin the Community Study
were preferred or were considered for a docking guidance configuration. Docking
guidance experience or developments were discussed with each of the manufacturers
responding to the Study. The response is summarized briefly in Table 20.

At least one manufacturer has had test experience with 40 buses using the
Berkeley PATH (Partners for Advanced Trangt and Highways) RSG System. PATH's
Magnetic Marker Reference Sensing and Guidance System was designed by PATH
researchers specificaly for vehicle guidance and control. Others are dso working with
the PATH system which uses magnetic markers in the roadway which are sensed and
tracked by sensors, providing steering guidance sgnasto avehicle. Integration of
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electronics such as a docking system has become much easier with the trangit vehicles
now being designed to be compatible with digita dectronics.

While successful tests have shown much promise, the bus trangt industry does
not have docking specifications that can direct bus manufacturers or industry station/stop
desgnersfor an implementation of a*docking sysem.” Manufacturers fed development
of such standards would hasten the advent of docking systemsin their vehicles.

Interestingly enough, a different but related system for bus collison avoidance is
developing with technologies that may support a docking syssem. The heart of the
collison avoidance system isthe PATH technology. These developments could lead to a
low cost docking guidance system. There are foreign developed docking and guiding
systems that may soon be tested in the United States.

Table 20 - Combined Study Results on Docking Guidancefor Artics

Community Preference Docking Guidance

Requested for almost 40 % of Artics

U.S. Manufacturers
Response - Some domestic manufacturers havetest
experience with PATH Magnetic RSG
System for Docking

Industry development of specificationsis
needed

Developmentsin bus collision avoidance
systems expected to provide low cost
technology

L ow cost anticipated for production

6.2.5 Hybrid Drive Systems

The Communities Study suggested that dmost 35 percent of their 60-65'
Articulated vehicles are preferred with hybrid-dectric drive sysems. Many of these are
to be fuded with dternate fuels (CNG). Hybrid-eectric drive may accommodate or even
facilitate continuous-1low floor and noise reduction aso; so the topic was discussed at
length with the manufacturers.

There are anumber of suppliersthat offer Hybrid- Electric drive systemsto the
trangt industry. BAE Systems and Allison Transmission both have pre-production
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systems on trid through various manufacturers on revenue-service test programs.
Configurations included diesd-electric, CNG-dectric and LNG-€dectric.

The manufacturers key concern currently is with the cost of the pre-production
systems, as noted in Table 21. However, as with most development programs the
production versons will be lower in cost. Some of the systems are on the third
generaion with more improvementsto come. As mentioned previoudy, noise control
may be another benefit that has the manufecturers’ interest. Domestic diesd-€dectric and
dual-mode Artics will soon enter service, but most manufacturers see hybrid-electric
Articsas 2 — 3 yearsin the future. Fuel economy and emissions benefits are being
documented on shorter, Non+articulated vehidles. Fue cdll vehicles may be in the future
with some power systems being developed in some Non-articulated 40-45 vehicles now.

Table 21 - Combined Study Resultson Hybrid Drive Systems

Community Preference Hybrld Powered Vehicles

Requested by almost 35 %

U.S. Manufacturers - Diesd Hybrid, CNG Hybrid, LNG Hybrid
Response in development or ‘pre-prod’ systems

Pre-production cost is significant,
production costswill fall

Hybrid drive systems are 2-3 year s away

Fuedl economy and emissions benefits
documented (for 40'45’ Non-artics)

Fuel cell power sourcein development

6.3 Manufacturing Sector Suggestions

The Manufacturers representatives offered some candid thoughts on the various
study topics. Thisisastudy that is meant to provide a set of resultsthat characterize the
vehicle demand and supply for the BRT communities. This subsection closes the Study
Implications with some collective suggestions from the manufacturers thet relate to
vehicle preferences, issues and shortfals that might serve as talking points for future
industry didogue.
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The Manufacturers suggestions naturally coalesced into the topicsin Table 22
below. Thefird topic addresses dl the Artic issuesin asweeping fashion. Issuessuch as
continuous-low floor and appearance are intimately tied to seating capacity and door
placement as an example. So thefirst desire would be to converge on a competible set of
these preferences by a number of communities and take some of the eement of
“cugtomization” out of procurements. The manufacturers indicate this may speed the
avalability of “futuristic” looking Artics, would alow for more piggy- backing and move
the industry towards a model menu that adds some “new Standard models’ that meet
BRT Community needs for stylish, high-capacity vehicles.

Table 22 - Suggestions Provided by the Manufacturers

Suggestions from the Manufacturers

« Communities conver gence on Prefer encesto minimize customization
Benefits of convergence
» Speedsdevelopment of “futuristic’ appearance and other features
* Allowsmore Piggyback Orders
*  Work towards New Standard Models

* Prioritize on Featuresand Appearance
Benefit would be a phasing of
* Powertrains, fuels
* Low Noise
* LowFloor
* Appearance and Appeal
» Docking Guidance

» Usea Staged approach to build on the success of increasing BRT System
Capacity and Speed, get vehicles on the road!
StageOne:  Brand and L ogo-Stage
Stage Two: Sleek and Modern with speed, capacity & amenities
Stage Three “ Speedy” Appearance full preference satisfaction

» Docking Guidance
» Develop Specifications, Work with Communitiesand Industry

Short of convergence, a set of priorities for gppearance and features could guide
the manufacturers and, in turn, accelerate the availability of gppeding vehicles for the
BRT Communities. A phased gpproach is a pragmatic way of building on the success of
current BRT systems such as Miami or Los Angdles but get high-capacity vehicles on the
road quickly. A fina note isan goped for industry docking guidance specifications.
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METRIC/ENGLISH CONVERSION FACTORS

ENGLISH TO METRIC METRIC TO ENGLISH
LENGTH APPROXIMATE) LENGTH (APPROXIMATE)
linch (in) = 2.5 centimeters (cm) 1 millimeter (mm) = 0.04 inch (in)
1foot (ft) = 30 centimeters (cm) 1 centimeter (cm) = 0.4inch (in)
lyard (yd) = 0.9 meter (m) 1 meter (m) = 3.3 feet (ft)
1 mile (mi) = 1.6 kilometers (km) 1 meter (m) = 1.1yards (yd)
1 kilometer (km) = 0.6 mile (mi)
AREA (APPROXIMATE) AREA (APPROXIMATE)
1squareinch (sqin, in?®) = 6.5 square centimeters || 1 square centimeter (cm? = 0.16 square inch
(cm?) (sqin,in?
1 square foot (sq ft, ft?) = 0.09 square meter (m? 1square meter (m? = 1.2 square yards
(sq yd, yd?
1 square yard (sq yd, yd®) = 0.8 square meter (m? 1 square kilometer (km?) = Oméll srgtjz?re mile (sq
1 square mile (sq mi, mi¥ = 2.6 square kilometers || 10,000 square meters (m?) = 1 hectare (ha)=2.5
(km?) acres
1 acre =0.4 hectare (he) = 4,000 square meters
(m?)
MASS - WEIGHT (APPROXIMATE) MASS - WEIGHT (APPROXIMATE)
1ounce (0oz) = 28 grams (gm) 1gram (gm) = 0.036 ounce (0z)
1 pound (Ib) = 0.45 kilogram (kg) 1 kilogram (kg) = 2.2 pounds (Ib)
1shortton =2,000 = 0.9tonne (t) ltonne (t) = 1,000 kilograms
pounds (Ib) _ (kg)
1.1 short tons
VOLUME (APPROXIMATE) VOLUME (aPPROXIMATE)
1teaspoon (tsp) = 5 milliliters (ml) 1 milliliter (ml) = 0.0)3 fluid ounce (fl
0z
1tablespoon (tbsp) = 15 milliliters (ml) 1liter (I) = 2.1 pints (pt)
1 fluid ounce (fl 0z) = 30 milliliters (ml) 1liter (I) = 1.06 quarts (qt)
lcup (c) = 0.24 liter (1) 1liter (I) = 0.26 gallon (gal)

1 pint (pt) = 0.47 liter (1)
1 quart (qt) = 0.96 liter (1)
1 gallon (gal) = 3.8liters ()

1 cubic foot (cu ft, ft*) = 0.03 cubic meter (m°?) 1 cubic meter (m?) = 36 cubic feet (cu ft,
ft®)
1 cubic yard (cu yd, yd®) = 0.76 cubic meter (m?) 1 cubic meter (m® = 1.3 cubic yards (cu
yd, yd®)
TEMPERATURE ExacT) TEMPERATURE ExacT)
[(x-32)(5/9)] °F = y °C [(9/5)y +32] °C = x °F
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QUICK INCH - CENTIMETER LENGTH CONVERSION
0 1

2
Inches | | | | | |
Centimeters 0 L

QUICK FAHRENHEIT - CELSIUS TEMPERATURE CONVERSION

4° 14° 32° 50° 68° 86° 104° 122° 140° 158° 176° 194° 212°
| | | | | | | | ] | ] |
T 1 T T T T T T T T T 1

) |
T
°C -40° -30° -20 -10° 0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100°

For more exact and or other conversion factors, see NIST Miscellaneous Publication 286, Units of
Weights and Measures. Price $2.50 SD Catalog No. C13 10286 Updated 6/17/98
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