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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation's growth and the need to meet mobility,
environmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in need
of upgrading, must expand service area, increase service frequency,
and improve efficiency to serve these demands. Research is
necessary to solve operating problems, to adapt appropriate new
technologies from other industries, and to introduce innovationsinto
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on a study sponsored by the Urban
Mass Transportation Administration—now the Federal Transit
Administration (FTA). A report by the American Public
Transportation Association (APTA), Transportation 2000, also
recognized the need for local, problem-solving research. TCRP,
modeled after the longstanding and successful National Cooperative
Highway Research Program, undertakes research and other technical
activities in response to the needs of transit service providers. The
scope of TCRPincludesavariety of transit research fieldsincluding
planning, service configuration, equipment, facilities, operations,
human resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, amemorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA; the National Academies,
acting through the Transportation Research Board (TRB); and
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC is responsible for forming the independent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statementsfor TCRP are solicited periodically
but may be submitted to TRB by anyone at any time It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert pane,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for developing research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended end users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practice,
and other supporting material developed by TCRP research. APTA
will arrange for workshops, training aids, field visits, and other
activities to ensure that results are implemented by urban and rural
transit industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operational problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Saff
Transportation Research
Board

This User’s Guide explains the accompanying Small Transit Vehicle economics
(STVe) model—atool designed for transit planners and others making decisions about
the purchase of small transit vehiclesfor different services and operating environments.
The computerized STVe model isbased on the principles of engineering economicsand
allowsthe user to assess whether it makes economic senseto invest in aparticular type
of vehicle, based on user-defined inputs. The User’s Guide describes how to run the
model and interpret itsresults. The STVe model and User’ s Guide will be of interest to
transit operators, planners, policy makers, and others concerned with the costs associ-
ated with implementing small transit vehicle service in the United States.

Fixed-route transit service has traditionally served medium-to-higher density res-
idential and commercial centersin metropolitan areas. Usually, transit servicesin such
areas are operated most efficiently with standard transit vehicles, because the passen-
ger loads are large. However, much of the recent growth in residential and commercial
centers has occurred at lower densities on the fringe or even beyond the fringe of met-
ropolitan areas. Transit services that are appropriate for these areas—feeder, route-
deviation, and paratransit services—do not often carry large passenger loads. The same
istrue of circulator routesin suburban activity centers and fixed-route servicesin small
cities. In order to provide these new transit services in the most economical manner,
providers arelooking to employ smaller vehicles (i.e., 28 passengersor less). There are
many types and sizes of small transit vehicles, a wide range of purchase prices, and a
widerange of reported useful lives. It isdifficult to make purchase decisions about dis-
similar vehicles used in dissimilar types of service. In order to make the best possible
vehicle decisions, information is needed about the full range of costs associated with
using small transit vehicles.

Under TCRP Project B-14, research was undertaken to develop a practical deci-
sion tool, incorporating actual cost data, to assist transit operators, planners, and policy-
makers in considering all relevant costs when selecting among small transit vehicles
for different service and operating environments. The focus was on the characteristics
of capital, operating, and maintenance costs of various types of small vehicles, not on
the planning tradeoffs between capacity and frequency.

The research for Project B-14 was conducted in two phases. During Phase I, the
researchers began by devel oping classification schemesfor (1) the types of servicesthat
might be operated with small vehicles and (2) the types of small vehicles. A basic eco-
nomic decision-making model, sensitive to the service and vehicle classification
schemes, was developed in Phase |. Simultaneously, the team identified and explored
other nonfinancial aspects of the decision, aprocessthat continued throughout the study
effort. During Phase 11, the team collected the data needed to calibrate the model both
from national sources and by obtaining actual operating data from systems using
smaller vehicles.



To use ST Ve, usersinput certain baseline information to the model software, such
as the general type of service for which they intend to use the vehicles, the maximum
number of passengersthat avehicle will need to carry at any onetime, and basis system
cost information (such as mechanic labor rates). Then STVe uses basic cost input data
to perform calculations and provide cost information comparing the different vehicle
types, allowing users to see which of the vehicle models is most economical for their
purposes.

This User’s Guide was developed to accompany the computer software, describe
the STVe model, and explain how to useit. The User’ s Guide a so discusses nonfinan-
cial, nonquantifiable factors that influence the size of vehicles to be purchased. The
STVe model software and User’s Guide are distributed together as the research prod-
ucts under TCRP Project B-14.
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ANALYZING THE COSTS OF OPERATING
SMALL TRANSIT VEHICLES

User’s Guide

STVe (Small Transit Vehicle economics)

A Computerized Tool to Assist Transit Planners Select
Among Various Types of Smaller Transit Vehicles

PART 1
INTRODUCTION AND OBJECTIVE

Small Transit Vehicle economics (STVe)is an economic model designed for transit
planners and others making decisions about the purchase of small transit vehicles. The
model assists in the evaluation of different types of smaller vehicles prior to acquisi-
tion. The STVe software program uses Microsoft® EXCEL, which operatesin a Win-
dows 95 (or higher version) environment.

In recent years, the vehicle manufacturing industry has introduced many new types
of smaller transit vehicles to the market. Unlike standard 40-ft transit buses, however,
less similarity exists among these smaller transit vehicles. There are many types and
sizes of smaller vehicles with awide range of prices and life expectancies. Yet, even
within this changing environment, transit agencies must consider many factors when
deciding what type of smaller vehicleto buy:

* What isthe purchase price?

» What isthe life expectancy of the vehicle?

» Will the vehicle be able to maneuver in the community given the street network
and routing patterns (i.e., what is the turning radius)?

* Isthe agency’ s maintenance facility capable of servicing and maintaining the
vehicle?

Some of these questions relate to the economics of the decision: does it make sense
to invest in the particular vehicle? Other factors are nonfinancial, but must be consid-
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ered in the decision-making process. Both factors are addressed in this User’s Guide,
but only the economics of the decision are considered in the computer model.

Buying public transit vehicles can be considered a business decision, with the objec-
tive of making the best possible use of limited resources. This decision involves deter-
mining from an array of available vansand smaller buses, which type of vehicleto pur-
chase and operate that best suits the expected travel needs of a particular community.
Themode STVeisbased on the principles of engineering economy and, therefore, pro-
vides information concerning the projected economic differences of various types of
vehicles operating under like conditions during the same time period. The results
obtained from the model are probably not precise, because they are based on assump-
tions and estimatesthat are subject to error. Nevertheless, using the model will provide
more useful information than not using one at al.

Several issues must be recognized about this model:

» Asan economic model, STVe does not consider noneconomic factors, even though
these may be as important or more important in the decision-making process as
economic (monetary) factors. Quality of ride, enhancement of air cleanliness, low
noise levels, and vehicle aesthetics are examples of noneconomic factors. Part 8
of the User’ s Guide discusses an array of noneconomic factors that should be con-
sidered. Depending on your agency’s situation or your community’s goals and
objectives for transit, one or more of the noneconomic factors may be the critical
determinant in the selection of the type of vehicle for your community.

» The model is designed to compare the future cost differences of different classes
of small transit vehicles from the perspective of the owners of the transit agency,
namely, local government(s). Thisis not to imply that the broader perspectives of
state and federal governments cannot be accommodated in using the model, but,
rather, that the economic results may differ from those for local government(s).

» Themodd, inits present form, incorporates most of the key factorsthat contribute
to the cost of owning and operating small transit vehicles, including capital pur-
chase, fuel and tires, and mechanical maintenance labor and parts. The research
project that developed the model also considered factors such as vehicle leasing,
extending vehiclelife through major maintenance overhaul, and maintenance serv-
icing including vehicle cleaning and fueling. However, alack of suitable quanti-
tative information prevented further consideration of those factors.

» Themodel does not consider the ancillary costs of vehicle operators, nor questions
of whether the selection of larger vehicles will thus require fewer vehicles to
accommodate total passenger requirements. Fewer large vehicles would result in
lower total vehicle operator labor costs but, of course, decrease service headways.
The model assumes that the same number of transit vehicles will be required
regardless of the vehicle size.

To use STVe, you will need to input certain baseline information to the model, such
asthe general type of service you intend to use the vehicles for and the maximum num-
ber of passengersthat avehiclewill need to carry at any one time. Once you have pro-
vided the model with theinput data (or in some cases you may choose the default data),
STVewill perform its calculations and provide cost information comparing the differ-
ent vehicle types. Y ou will be able to see which of the vehicle types is most economi-
cal for your purpose. While STVe provides information on first-year operating and
maintenance costs for each type of vehicle tested, its purpose is to compare different
vehicletypes and cal culate which typeis more economical, rather than provide specific
information on operating and capital costs for specific types of vehicles.
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This User’s Guide contains nine parts, a glossary, and two appendixes. Following
the introduction in Part 1, Part 2 describes related TCRP projects that may be useful as
you select and procure vehicles. Part 3 includes instructions on starting STVe. Next,
Part 4 discusses the various types of vehiclesrecognized by STVe, and Part 5 includes
descriptions of the three types of services adopted for STVe. Following an overview of
STVE' s economic perspective in Part 6, Part 7 provides detailed instructions on using
STVe. Part 8 includes a discussion of various nonfinancia variables that must be con-
sidered when procuring small transit vehicles. Part 9 discusses other financial factors
that must be taken into consideration in the economic decision-making process. Finally,
Appendix A provides examplesusing STVe, and Appendix B gives more detail on the
economics model.




PART 2
RELATED TCRP PROJECTS

STVe is the model produced through the research efforts of TCRP Project B-14,
“Analyzing the Costs of Operating Small Transit Vehicles.” There are two related
TCRP projects that may be relevant to users of STVe. The reports and computer disks
developed under the following projects can be obtained from the American Public
Transportation Association (APTA).

TCRP Project C-8 developed amodel for evaluating the costs of fuel optionsfor tran-
sit buses, called FuelCost 1.0 While Fuel Cost 1.0 dealswith fuel optionsfor full-sized
transit vehicles, the model and accompanying Guidebook may be useful tools in the
consideration of aternativefuels, evenif you arelooking only at smaller transit vehicles.
This project was published as TCRP Report 38

TCRP Project C-9, “Paratransit V ehicle Specifications and Related Special Mainte-
nance Requirements’ developed an automated paratransit vehicle performance speci-
fication generating system, called ParaSPEC This system is designed to assist transit
agencies or other organizations in the vehicle procurement process.




PART 3
HOW TO START STVe

STVe has been designed to operate on an IBM PC-compatible computer with
Microsoft® EXCEL for Windows 95 (or higher versions) and a.color monitor. Y ou will
need to have 1.4 megabytes free space on your hard drive to install STVe.

To use ST Ve, you need only basic computer skills. Once you have determined that
your computer hardware and software meet the requirements described above, insert the
STVedisk into your disk driveand copy STVeto your computer’ shard drive. Then store
theoriginal disk in asafeplacefor futurereference. Running STVefrom your hard drive
should allow the model to work faster and saving an origina version of the model on
disk will preserve the default values should they be inadvertently overwritten.

Touse ST Ve, start up EXCEL and then openthe STVefile. The STVe EXCEL work-
book includes two worksheets: the Input sheet and the Reportsheet. Both data input
and report results are described in detail in Part 7 of this Guide.

When using STVe, print out both the input and the report results each time you run
the model. Y ou can label each version of the model that you run in the ID field. When
you arefinished with each version, just closethefile but do not savethefile asthiswould
override the model’ s default values. |f you want to save the model results, you need
to savethem asa separ atefile. (NOTE: If the default values are overridden by mistake,
use the original STVe disk and make a new copy for your hard drive. Thisiswhy itis
important to store that original disk in a safe place!)




PART 4
TYPES OF VEHICLES

STVeisdesigned to assess smaller transit vehiclesvhich have been defined for this
project as transit vehicles 30 ft or less in length, but no smaller than a standard-sized
van. Low-floor vehiclesareincluded, but rubber-tired trolleysare not. All vehicles con-
sidered are Americans with Disabilities Act (ADA)-compliant.

Given the many different types of smaller transit vehicles, a classification scheme
has been devel oped so that the many different types are organized into a standard clas-
sification. The classification has grouped vehiclesinto categories by characteristicsthat
affect capital, operating, and maintenance costs. Fuel type also impacts operating and
maintenance costs; however, STVe has used just one fuel type in each vehicle class as
the type of fuel for that class. The availability of field data obtained during the devel-
opment of the model precluded the model’ s ability to compare different fuel options
within each class of vehicles.

The types of vehicles recognized by STVe are shown in Table 1, Vehicle Classifi-
cation. All such vehicles are considered smaller transit vehiclesas defined above for
STVe. This table presents eight classes of vehicles and provides basic characteristics
about the vehicles in the class. (Again, you may want to look at TCRP Report 38n
FuelCost 1.0 for more information on alternative fuel options.)



TABLE 1 Vehicleclassification

Category 1—Van

Standard vans have front engines with rear-drive. Most vans have a separate body and frame, and
they are built on achassisintended for commercial use. To provide wheelchair accessibility, vans
are equipped with alift or ramp as well as araised roof with ataller door unit that provides eas-
ier entry. With modifications for wheelchair access and securement, total passenger capacity—
which includes one wheelchair position—is 10 to 11 passengers. The useful life of avan is pro-
jected at 4 years.

Category 2—Van Cutaway, Single Wheel

The chassis and partial cab are obtained from a truck manufacturer and a specialist body builder
places a bus body on the chassis, integrating the bus body with the front of the cab, retaining the
short hood. With a single wheel in the rear, these vehicles are somewhat lighter and shorter than
cutaways described in Category 3. These vehicles have atotal passenger capacity of 13. Useful life
is considered 4 years.

Category 3G—Van Cutaway, Dual Wheel, Gasoline

Vehiclesin thisclass are similar to those in Category 2; however, there are two wheels on the rear
axle. This alows models with longer lengths, which also result in heavier vehicle weights. Total
passenger capacity, including ADA-mandated wheel chair positions, isassumed to be 18. Whilethe
useful life of vehiclesin this category rangesfrom 4 to 5 years, the model considers the useful life
to be 5 years. Vehiclesin this category are fueled with gasoline.

Category 3D—Van Cutaway, Dual Wheel, Diesel

These vehicles have basically the same appearance and passenger capacity asthosein Category 3G
above; however, they are diesel fueled rather than gasoline. Use of diesel affects both maintenance
and operations. Again, while the useful life of vehicles in this category ranges from 4 to 5 years,
the model considers the useful lifeto be 5 years.

Category 4—Pur pose Built, Front Engine

Vehiclesinthis category are purpose built, medium-duty. Modelswithin this category vary in price,
length, and weight. Total passenger capacity is 22. The useful life of vehicles within this category
ranges from 5 to 7 years. The model has assumed a useful life of 6 years.

Category 5—Purpose Built, Rear Engine
These vehicles are similar to those in Category 4; however, they have engines in the back of the
bus. Useful lifeis considered to be 7 years in the model.

Category 6—M edium-Duty, L ow-Floor Front Engine

Vehiclesin this category are purpose built, medium-duty with alowered floor to improve accessi-
bility for passengers. In this category, engines arein the front. Total passenger capacity is assumed
to be 20. The useful lifeis 7 years.

Category 7—Heavy-Duty, Low-Floor Front Engine

These are purpose built, heavy-duty, low-floor vehicles, with enginesin thefront. A major difference
with vehiclesin this category islife expectancy; the heavy-duty vehicles of Category 7 have auseful
life of 12 years.

Category 8—30-Ft, Heavy-Duty Bus

Vehiclesin this class are essentially shorter versions of traditional 40-ft transit buses, with a use-
ful life of 12 years. Recently, more 30-ft low-floor buses are coming on the market, but no actual
operating data were available to evaluate the low-floor version of the 30-ft bus.




PART 5
TYPES OF SERVICES

Smaller transit vehicles are used for awide variety of services. The classification of
such servicestypically includesthe following categories: traditional fixed-route; feeder
service to rail stations; line haul bus route or other trip generators; activity center cir-
culator (e.g., shuttle service); route deviation; general public paratransit; and special-
ized (e.g., ADA) paratransit. Such groupings are useful for describing the different
operating characteristics of transit service, but are less useful for distinguishing char-
acteristics that affect costs of operating and maintaining the vehicles.

For ng small transit vehicles, the model recognizesthreetypesof service. This
typology is based on that used by the Federal Bus Testing and Research Center in
Altoona, Pennsylvania (generally referred to as “Altoona”) for evaluating fuel econ-
omy of transit vehicles. The three types adopted for STVe are as follows:

1. CBD (Central Business District) service- For evaluating the fuel economy of
transit vehicles operating in CBD type service, the Altoonatesting uses adistance
of 2 miles with seven stops per mile and atop speed of 20 mph. Essentially then,
for purposesof STVe, CBD serviceischaracterized as service with relatively low
average speed and frequent stops for passenger boarding and alighting, typically
within an urbanized environment.

2. Arterial service — Based on Altoona testing, arterial service uses a distance of
2 miles with two stops per mile and a top speed of 40 mph. For STVe, thisisa
service environment that is less congested than CBD service, with fewer stops
and higher average speeds.

3. Commuter service—Altoonatests commuter service over a4-miledistance, with
just one stop and atop speed of 40 mph. For STV, thisservicetype hasthe fewest
stops per mile and average speed somewhat higher than that of arterial service.

If your agency operates paratransit service, you will want to consider the characteris-
tics of your service area, clientele, and operating policies that affect average vehicle
operating speed. Paratransit is typically characterized as service with few stops, with
longer dwell timesthan fixed-route service and rel atively higher speedsin between stops.
Among the three service types used by STVe, arterial servicemight be a good choice.

For purposes of STVe, service type affects costs as a fuel economy factor. Transit
vehicles operating in more urbanized settings with many stops for passenger boardings
and alightingswill use more fuel per mile than comparable vehicles operating at some-
what higher speeds and with fewer stops per mile.

While other aspects of the operating environment al so affect maintenance and oper-
ating costs, this first version of the model does not consider such effects because the
data needed for model development are not available.




PART 6
UNDERSTANDING STVe'S ECONOMIC PERSPECTIVE

Asexplained in Part 1, STVeis based on the principles of engineering economy. It
provides information concerning the projected economic differences of various types
of vehicles, operating under like conditions during the same time period. This infor-
mation allows the user to assess whether it makes economicsense to invest in a par-
ticular type of vehicle. Remember, the“e” in STVe stands for “economics.”

Most investment problems from an economic perspective (including the acquisition
and operation of public transit vehicles) involve determining what makes sense in the
long run, which is years, not days. For such problems, it is necessary to recognize the
time value of money. This concept—the time val ue of money—exists because of inter-
est. Because of the existence of interest, adollar today is worth more than the promise
of adollar next year or sometime later in the future. Thisiswhy banks pay you inter-
est when you deposit your money into their accounts. To calculate the fact that money
today isworth more than the prospect of that same amount of money in the future, econ-
omists use adiscount rate (also referred to as an interest rate). This practice allows the
economic analysis to discount future money back to present time, essentially calculat-
ing future money’ s present worth.

By thispoint in the User’ s Guide, you may think this discussion isbecoming increas-
ingly irrelevant or too esoteric, but please read on, as the discount rate can have asig-
nificant impact on the results of STVe.

In the development of ST Ve, the researchers determined the most appropriate dis-
count rate to use for the model’s calculations. The best documented sources on eco-
nomic analyses and discount rates say there is no single right number because of the
many factors affecting its choice, in addition to the imperfection and unpredictability
of the economy. “The rate must be chosen as a matter of judgment.”? The U.S. Con-
gress hasweighed in on discounting analysis and rates of return: aCongressional Com-
mittee on the topic stated that “ depending on the system of weights adopted, this rate
is currently in the 8-10 percent range.”®

Building on the Congressional Committee findings, the default discount rate set for
STVeis 8.5 percent. However, the discount rate can be defined by the user, and it is
strongly suggested that you conduct each evaluation of vehicle alternatives using three
or more discount rates, for example, 5 percent, 10 percent, and 15 percent. By using
several different discount rates for the model’ s analysis, the effect of the discount rate
will be shown. For more guidance on an appropriate discount rate, you may want to

1 For example, see “Factors Considered in Setting 1*,” Eugene Grant, W. Grant Ireson, and Richard S. Leaven-
worth, Principles of Engineering Economy, 8" ed., John Wiley & Sons, New Y ork (1990), p. 325.

2 Robley Winfrey and Carl Zellner, “ Summary and Eval uation of Economic Consequences of Highway Improve-
ments,” NCHRP Report 122, Highway Research Board, National Research Council, Washington, DC (1971),
p. 35.

3 U.S. Congress, Joint Economic Committee, Subcommittee on Economy in the Government. Report on the Eco-
nomic Analysisof Public Investment Decisions: Interest Rate Policy and Discounting Analysis, Government Print-
ing Office, Washington, DC (1968), p. 16. Thisreport isthelast known published Congressional committee report
on the topic.
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refer to OMB Circular A-94,* keeping in mind that this circular provides one opinion
on what discount rate the Federal Government should use to evaluate its programs.

When you review the results of amodel calculation, if the same vehicle class aways
hasthe lowest equivalent annual cost using an appropriate range of discount rates, then
it issafe to assumethat any reasonable discount rate will havelittle or no effect on your
economic decision. If, on the other hand, using the range of interest ratesresultsin more
than one vehicle class having the lowest equivalent annual cost, then noneconomic fac-
tors should weigh heavily in the selection decision.

For more information on the STVe economic model and it’s internal calculations,
see Appendix B.

4 OMB Circular A-94, Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs, revised
October 29, 1992 [Online] Available: http:/library.whitehouse.gov/omb/circulars.
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PART 7
USING STVe

To begin running the model, you will need to provide STVe with specific data so it
can run (or you will need to accept the model’s default value). Specifically, you will
input (or accept the default for):

« Information about the service to be operated with the vehicles,

« Information about the vehicles you are considering, and

« Information about the cost and funding to be used to acquire the vehicles as well
as the compensation for mechanics.

Where you have actual datafor the model input, it is suggested that you use that data
for STVe rather than using the default value. Thiswill make the resulting output more
accurate and useful for your specific decisionmaking.

Figure 1 shows the data input screen for STVe. Y ou can accept the default values,
which are shown in Figure 1, or you can enter your own data. Once you enter input
data, hit ENTER. After you have finished inputting datain the input screen, put in an
identifying label intothe D field. Thiscould be Version 1, or some other label that will
help track the model’ soutput. Once you have provided an D, print out theinput screen.
It will print out in two pages.

(NOTE: Theinput screen shown in Figure 1 shows the default values as set for 1999.
A number of the default values will increase each year, based on factors set in the
model. Thus, when you use the model in future years, some of the default values will
be different than those shown in Figure 1.)

Information about the Service to Be Operated

Y ou need to enter data onto lines 1 through 5 to provide information on the service
that the vehicles will operate.

O Line 1: Enter the abbreviation of the state or U.S. territory wherethe vehicleswill
predominately operate. The default is U.S. These data operate as a climate factor,
as maintenance costs are affected by the climate of the operating environment.

O Line 2: Enter the year that you expect to place the vehiclesinto service. Y ou may
enter any year including the current year, up to the Y ear 2078, after which STVe
will not run.

O Line 3: Enter an estimate of the average number of annual total vehicle miles
(revenue miles plus deadhead, service, and training miles) that you project to be
accumulated for each candidate vehicle.

O Line 4: You will need to estimate the percentage of total annual miles or time
that the vehicleswill operatein the three different servicetype environments. See
Part 5 of this User's Guide for more discussion on service types. The three
choices of service types are asfollows:
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$TVe USER INPUT

Please provide input in the yellow-highlighted boxes for each of the thirteen (13) information requests
or accept the default values as shown. When your input is reasonable or within a range expected by
S5TVe, the comment box will respond with "o.k." Comments other than "o.k." are meant to provide
guidance and, in most cases, will not prevent program execution. However, unreasonable and
misleading report values could result, NOTE: First-time users of STVe should read the User's Guide
for complete information on the medel incluging user-defined input, default values, and model cutaut.

ABOUT THE SERVICE

1. Provide the two-letter abbreviation of the State or Territory where the candidate

vehicles are expected to provide most of their service.

2. Provide the year that candidate vehicles are expected to be placed into service.

3. Estimate the average number of annual vehicle miles expected to be incurred by

each candidate vehicle. (Flease, no commas.) 30,000

4, Estimate the percentage of total annual miles or time that candidate vehicles will
be used in the following service areas:

CBD 200
Arterial 60.0
Commuter 20.0
Total {must be equal to 100.9) 100.0
5. Provide the minimum wheel turning radius (in feet) that candidate vehicles must
have in order to neqgotiate roadway conditions in your service area. 41.0

ABOUT THE VEHICLE

6. Provide an estimate or accept the default values for the total purchase cost of each
candidate vehicle class including a supply of spare parts, maintenance training,
and warranty coverage:

1. Van, Gascline $30,000
2. Single Wheel Van Cutaway, Gasoline $36,000
3G. Dual Wheel Van Cutaway, Gasoling $42,000
3D. Dual Wheel Van Cutaway, Diesel $48,000
4. Purpose Built, Front Engine, Small Bus, Diesel $77,500
5. Purpose Built, Rear Engine, Small Bus, Diesel $120,000
6. Low Floor, Medium Duty, Front Engine Bus, Diesel $130,000
7. Low Floor, Heavy Duty, Front Engine Bus, Diesel $200,000
8. Heavy Duty 30° Bus, Diesel $276,000

7. Please indicate the maximum number of passengers that candidate vehicles
must accemmodate at one time including the minimum wheelchair positions
required by ADA.

ABOUT THE MONEY

8. Provide or accept the default hourly wage rate for mechanics who will maintain
your candidate vehicles.

9. Provide or accept the default fringe benefit percentage of wages for mechanics
who will maintain your candidate vehicles.

10. Provide the percentage of purchase cost for candidate vehicles you expect
to be funded by your agency and/or lacal government.

11. Provide the percentage of candidate vehicle mechanical maintenance expense
you expect to be funded by your agency and/or local govemment.

12. Provide or accept the default cost per gallon of fuel you expect to pay using
candidate vehicles and including any taxes, if apprepriate.

Gasoline $0.685
ok

Diesel $0.503
O.K.

13. Provide or accept the default percentage rate of interest for the time value of

"

1D: Today's Date: | 8/12/99

Figure 1. Example of STVe's Input screen.
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1. CBD service,
2. Arterial service, and
3. Commuter service.

To run STVe, you should choose the service type that best matches that of your
proposed service.

If your expected operation fits closely with one of the three types used by the
model, then you would enter 100 into that servicetype. It ispossible, though, that
your operation does not neatly fit into one of the three service types. In this case,
assess your agency’s service area and operating characteristics, including the
average number of stops per mile and typical average speed by time of day or day
of week, and then allocate proportionsinto two or three service types to approx-
imate your agency’s service type (the proportions have to add to 100 percent).
Remember that STVe uses service area type as a fuel economy factor and will
use that same factor for al the candidate vehicle classes that you select to evalu-
ate, until you change the service type.

For paratransit service, consider the characteristics of your service area, your
clientele, and your operating policies that have an impact on your vehicles' oper-
ating speeds (e.g., apolicy requiring await time for passengers at their pick-up
locations of 10 minuteswill decrease your average speed). Then choose the serv-
ice type that comes closest to describing your proposed service. For example, if
you operate ADA paratransit service in an urbanized environment with limited
productivity and long dwell times at stops, you might want to allocate 50 percent
to CBD and 50 percent to arterial service as your servicetypesfor STVe. If you
operate ADA service in a suburban environment with less congestion, then 50
percent to arterial service and 50 percent to commuter service might be appro-
priate as your service types.

O Line 5: Enter the minimum turning radius (in feet) that your new vehicles must
have so that they can maneuver within the roadways of your service area. If you
do not specify aturning radius, the model will use adefault, set at 41 ft, whichis
the largest turning radius of any vehicle class considered by STVe. This means
that the model will not eliminate any vehicle classes based on turning radius, if
you accept the model’s default. Values greater than the default of 41 ft will
accommodate classes of vehicles evaluated by STVe.

If vehicle maneuverability isan issuefor your service area—for example, your
vehicles travel on smaller residential streets and private access roads—it is
important to realize that the model may eliminate some classes of vehicles based
ontheturning radiusvariable. Thisisbecause the turning radius set for each vehi-
cleclassistheturning radius of the vehiclewithin the classwith the greatest turn-
ing radius. For certain classes of vehicles, the turning radius of specific vehicles
within the class varies considerably. Users are advised to read information on
turning radiusin Part 8, Nonfinancial Factorsto Consider when Selecting Vehicles,
and to treat STVE' s consideration of turning radius as advisory only.

Information about the Vehicles Being Considered

Lines 6 and 7 ask for data about the vehicle types you are considering.

O Line 6: You may enter an estimate for the total cost necessary to purchase each
vehicletypethat you are considering, or accept the default values. Thistotal cap-
ital cost should include a supply of spare parts, maintenance training, and war-
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ranty coverage. To obtain current information on capital costs, consider contact-
ing your state transit association or possibly several transit agencies who have
recently purchased new vehicles similar to the type you are considering.
Line 7: Enter the number of total passengers (not including any standees) that you
expect the vehicles to accommodate at any one time. All vehicles considered by
STVe are ADA compliant, so the total number of passengers set for each vehicle
class includes the mandated number of wheelchair positions. Essentialy, the
model uses the passenger number to screen vehicle classes so that the appropri-
ate vehicle classes are considered. If you tell STVe that your vehicles must
accommaodate 20 passengers at one time, the model will not consider vehiclesin
Categories, 2, 3G, 3D, or 5 as such vehicles are designed for smaller passenger
capacity. Please note that this data variable is advisory as the same vehicle can
be specified to have seating for arange of passengers, depending on the seating
configuration and whether additional wheelchair capacity is ordered beyond that
required by ADA. But the variable is important in screening the vehicle classes
that make sense for your agency based on expected maximum loads.

If you accept the default for number of passengers (set at 10 total passengers),
STVewill not eliminate any vehicle classes based on this variable.

Information about the Money

Lines 8 through 13 require information about mechanic compensation, funding con-

tribution from local sources, the share of maintenance expense that your agency will
fund, price of fuel, and the discount rate, which allows the model to calculate the cur-
rent value of future costs when comparing the vehicle types.

O Line 8: Enter the hourly wage rate for the mechanics who will maintain your

vehicles. These data should be readily available, and use of a current value for
your agency is preferable as mechanic wage rates vary across the country. If you
do not have a specific wage rate to use, you have two options: (1) accept the
default value or (2) use information provided in Table 2 to determine the appro-
priate mechanic wage rate to use, which provides an average mechanic wage rate
calculated by region of the country.
Line 9: Enter the fringe benefit rate for the mechanics or accept the default value
of 35 percent. If you contract for your maintenance work, total labor costsinclud-
ing fringe benefitswould likely beincorporated in the hourly wage rateinput into
Line 8; in which case, you would enter “0” in Line 9. Do not enter the percent-
age sign.
Line 10: Enter the percentage of vehicle purchase cost that you expect to be
funded by your agency (this would include funding from the local governing
body) when you purchase the vehicles. Thisisthelocal share of capital costs, not
the share provided by the state or federal governments. Thisfactor recognizesthe
fact that decisions about vehicle acquisition may be influenced by the level of
funding that is provided by the local agency versusthe level provided by federal
or other nonlocal sources. When entering the percentage amount in this line, do
not enter the percentage sign.

If you do not enter a number in this line, the model will use a default of 20
percent.
Line 11: Enter the percentage of vehicle maintenance expense that you expect
will be funded with local funding—by your agency and/or local government.



TABLE 2 Average mechanic wage rates (Source: APTA, March 1999)

Area Population Size

2 Miilion 500,000 10 250,000 to 100,000 to 50,000 10 Under

Geographical Area and over 1,995,999 499,999 249,999 99,999 50,000 Average
Great Lakes 18.04 17.83 16.12 16.39 14.43 12.49 16.51
Middle Atlantic 21.16 17.56 16.85 15.91 14.91 12.97 17.42
New England 18.97 17.92 18.45 18.52 18.55 18.35
North Central 17.27 14.55 15.00 19.79 18.47 16.37
Pacific 2232 21.12 19.76 19.24 17.93 18.54 20.55
South Atlantic 14.39 15.67 15.23 14.60 14.20 14.24 15.10
South Central 15.79 13.84 12.80 13.40 14,73
Southwest/Mountain 16.87 16.22 15.50 15.32 18.52 16.07
Non-Continental U.S. 14.64
Canada 22.66 22.64 2541 18.19
Average 19.95 17.48 16.83 16.41 1592 14.67
Great Lakes Middle Atlantic New England North Central Pacific South Atlantic  South Central  Mountain Non-Continental
Mineis Delaware Connecticut lowa California Florida Alabama Arizona Alaska
Indiana Maryland Massachusetts ~ Kansas Oregon Georgia Arkansas Colorado Hawaii
Michigan New Jersey Maine Minnesota Washington North Carolina  Kentucky Idaho Puerto Rico
Ohio New York New Hampshire Missouri South Carclina  Louisiana Montana
Wisconsin Pennsylvania Rhode Island North Dakota Virginia Mississippi New Mexico
Urban areas of Duluth- D.C. Vermont Nebraska Tennesee Nevada

Superior, Minneapolis, Virginia suburbs South Dakola West Virginia  Oklahoma

St. Louis and Kentucky of D.C. Texas

suburbs of Cincinnati Utah

Wyoming

<1
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Among public transit agencies, this percentage will likely vary from 100 percent
to 50 percent and in some cases will be 20 percent. Transit agencies receiving
Federal Section 5307 or Section 5309 funds (and in some cases atransit agency
can receive both) can use federal capital assistance for funding vehicle “preven-
tive maintenance,” which isdefined as* all maintenance costs.” Thiscapital fund-
ing isgenerally available at an 80 percent federal share. If your agency uses fed-
eral fundsin this manner, you will want STVe to account for that by entering the
percentage of maintenance costs that you expect your agency and/or local gov-
ernment to fund.

If you do not enter a number in this line, the model will use a default of 20
percent.

O Line 12: Enter the price per galon of fuel—both gasoline and diesel—that you
expect to pay when using your vehicles or accept the default values, determined
from U.S. Department of Energy sources. The defaults are set as prices without
any federal or other taxes, as most public transit agencies are exempt from fuel
taxes. If your agency must pay taxes on purchases of gas and/or diesel, make sure
to include such costs when you input pricesinto Line 12.

O Line 13: Enter the percentage discount rate. This alows the model to calculate
the present worth of expenditures in the future. Please see the discussion on dis-
count rates and time value of money in Part 6. Alternatively, you may accept the
default rate set at 8.5 percent.

Information Back from STVe

Once you have entered the data that STVe needs to run, click on the worksheet
marked Report. (Your EXCEL program is probably set for the “automatic calcul ation”
modebut if itisin“manual calculation,” you will need to pressthe F9 key for the model
to run. STVe operates favorably in the “automatic calculation” mode, so thisis pre-
ferred.) Thisworksheet will show you the model output report; see an examplein Fig-
ure 2. Be sure to print out this page (it will be labeled as page 3 and contain the same
label you specified on your input page) and keep it with the two Input pages that you
printed out previously.

The output report specifiesthetotal equivalent annual cost (EAC), aswell asthe per-
cent EAC difference, which compares the EAC of the vehicle typestested. It isimpor-
tant to remember that when you review the STVe report, only the differences among
vehicle classes are relevant in a comparison.

EAC iscalculated by the model in the following way: yearly capital, operating, and
mai ntenance costs are computed for each year of avery long economic analysis period
for the vehicle type. These annual costs are then converted to present worth costs using
the rate of discount. These costs are then summed for atotal present worth cost for the
vehicle type during the analysis period, and finally this value is converted to EAC.

Percent EAC difference, in the fourth column of the output report, is the percentage
difference between EAC computed for the vehicle type with the lowest EAC and the
other vehicle types shown. The vehicle class with the lowest total EAC will show up
with “0.0 percent” in the Percent EAC Difference column. It is this percent difference
that is particularly relevant in a comparison of the vehicle classes.

The model aso provides you with the purchase price (at the year specified that the
vehicles will be placed into service), life expectancy, and estimated first-year operat-
ing and maintenance costs for each type of vehicle tested. Estimated first-year operat-
ing and maintenance costs include the cost of fuel, tires, maintenance labor, and parts
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TCRP PROJECT B-14
ECONOMIC COST ANALYSIS OF SMALL TRANSIT VEHICLES

STVe REPORT

Year 1999 Life Total Percent Estimated

Purchase Expectancy Equivalent EAC Year 1999

Vehicle Class Cost (years) Annual Cost Difference O&M Cost
1.  Van, Gasaline $30,000 4 $4,429 0.0% $2,515
2. Single Whee! Van Cutaway, Gasoline $36,000 4 $5,471 23.5% $3,122
3G. Dual Wheel Van Cutaway, Gasoline $42.000 5 $6,553 48.0% $4,219
3D. Dual Wheel Van Cutaway, Diesel $48,000 5 $5.344 20.6% $2,793
4. Purpose Built, Front Engine, Smal Bus, Diesel $77.500 3] $7.720 75.9% $4,115
5. Purpose Built, Rear Engine, Small Bus, Diesel $120,000 7 $2,464 113.7% $4,497
6.  Low Floor, Medium Duty, Front Engine Bus, Diesel $130,000 7 $9,211 108.0% $3,751
7.  Low Floor, Heavy Duty, Front Engine Bus, Diesel $200,000 12 $10,872 147.7% $4,655
8. Heavy Duty 30° Bus, Diesel $275,000 12 $15,417 248.1% $6,683

Note: A response of "Not Available” means that the vehicle class does not meet your requirements for minimum furning radius,
maximum passenger capacily, or combinations thersof.

STVe Report is based only on economic factors. Vehicle selection must also consider non-financial factors. Please refer to the User's Guide.

1D Example | Today's Date: 8/12/99
Figure 2. Example of STVe's Report screen.

for thefirst full year of service. If you have indicated to ST Ve that your agency or local
government provide only apartial percentage of maintenance costs, only that percent-
age will be reflected in the reported operating and mai ntenance costs.

Please remember that STVeis designed to compare the cost differences of different
types of smaller transit vehiclesover time, not to give you estimates of the coststo oper-
ate and maintain different types of smaller vehicles. Where cost differencesare small—
10 percent or less—you will want to assess noneconomic factors carefully when select-
ing the appropriate vehicle type for your agency.

Please a so remember to consider the many noneconomic factorsinvolved in vehicle
selection, which may be as important, or more important than the economic factors.
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PART 8

NONFINANCIAL FACTORS TO CONSIDER WHEN
SELECTING VEHICLES

There are important nonfinancial variables that also must be considered in the deci-
sion-making process. Qualitative aspects of the decision cannot be incorporated into
the model, such asvisual impact or ride quality, because such aspects rel ate to personal
or agency judgments not dollars.

This section of the User’s Guide identifies and describes nonfinancial factors that
should be considered by decision makers when selecting vehicles for aparticular serv-
ice, including:

e Turning radii,

¢ Ride quality,

 Street vibration,

¢ Public acceptance,

e Visual impact,

¢ Route flexibility,

 Legd liability,

« Adequacy of maintenance and storage facilities,
e Training needs, and

 Fleet standardization.

Turning Radii

Whiletheradius of acircleis defined as the distance from the center of that circleto
the circumference or bounding surface, the turning radius of avehicleisameasurement
of theradius of the smallest circle avehicle can navigate (Figure 3 showsturning radius
for atypical 40-ft bus). In general, the larger the vehicle, the larger the turning radius
and the smaller the vehicle the smaller the turning radius. Some small vehicles with
front-wheel drive have larger turning radii than do similar size rear-drive vehicles. The
model currently includes a provision for users to specify the required turning radius,
which could eliminate some vehicles from consideration.

Y ou need to consider the turning radius of avehicle, particularly if thereisaneed to
change vehicle direction on a frequent basis. This could include U-turns, right or |eft
turns, or simply theturning of avehicledueto aroad layout, such asacul-de-sac. While
this factor probably affects decisions involving the purchase of avehicle to be used in
demand-responsive service most often, it does come into play when purchasing fixed-
route vehicles especially where road networks and layouts require that numerous “ tight”
turns be made.

The more turning that is required, the more advantageous it would be to select a
smaller, more maneuverable vehicle with ashorter turning radius. Thetradeoff in doing
so istheloss of seating capacity. Conversely, the advantage in selecting alarge vehicle
isthe increased seating capacity, which may result in less maneuverability.

It is important to note that the turning radii of vehicles within the STVe vehicle
classes vary greatly. For example, the turning radii for vehicles in Categories 3G and
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Figure 3. Example of city bus turning radi¢Source: Planning and
Design of At-Grade Intersections; Transportation Design Techniques, Inc.
Jack E. Leisch & Assoc., Evanston, L [1981].)

3D vary from 28 ft to 34 ft. In this case, the model uses 34 ft as the minimum required
turning radius.

Ride Quality

While the ride quality of avehicle can be a subjective measure of a passenger’s com-
fort, there are some measurabl e aspectsto ride quality that relate to the types of mechan-
ical equipment used in the manufacturer of avehicle. These include aspects such asthe
degree to which a vehicle leans during turns (suspension); the smoothness of accelera-
tion (transmission); bouncing (wheelbase asrelated to overall length); seat structure and
upholstery (cushioned versus hard; plastic versus cloth); seat direction (forward versus
side facing); and braking (which can lead to forward pitching of avehicle).

Because the comfort of some passengers—especially those who are frail and more
particularly those making dialysis trips—can be so affected by the ride quality, this
factor often affects the selection of vehicles used in demand-responsive type service.
The length of trips also affects the need for higher ride quality. As passenger trips to
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regional transit destinations increase (which they tend to do in more rural areas), the
importance of ride quality increases.

In addition to aspects of ride quality such as leaning and bouncing, the type of ter-
rain on which avehicle is operated can directly affect the decision-making process. If
avehicle is operated in areas with numerous unpaved roads or hilly/mountai nous ter-
rain, modificationsto a standard vehicle' s specifications may be necessary (for example,
unimproved roads where ground clearance is a problem may preclude the use of low-
ered floor vehicles).

In general, heavier vehicles have better ride quality. Longer wheel base vehicles gen-
erally offer abetter ride as well. Suspension design is also a major factor in ride qual-
ity, with more complex designs such as air springs and independent front suspension
generally offering ahigher ride quality. The more comfortable passengers are, the hap-
pier they are going to be with the service itself.

Street Vibration

One advantage of asmaller, lighter vehicle could be reduced street vibration. Street
vibration is ameasure of the degree to which avehicle’ s motion on aroadway leadsto
vibration of the road surface and subsequently to surrounding structures whether homes
or businesses. As vehicle weight increases, so doesthe level of street vibration, which
occurs because of the vehicle's motion. However, the distance between the roadway
and the affected structure directly influences the level of vibration. As this distance
increases, the level of vibration decreases, because the ground is capable of absorbing
the resulting vibrations.

In addition to vehicle weight, engine type also affects the level of street vibration
especially during periods of idle. Diesel engine vehicles tend to be somewhat noisier
and the idling leads to vibration of the surrounding ground.

While street vibration can be a nuisance factor to businesses that reside along a
vehicle route, it is more of a disturbance in residential areas where a vehicle might
be operated early in the morning or late in the evening when residents are sleeping.
As such, street vibration affects vehicle selection in terms of the times of day when
service operates, the size of a vehicle that is operated on a route, and the type of
engineinthevehicle. Additionally, street vibration affects vehicle sel ection when the
distances between the street and surrounding businesses and homes are minimal. If
street vibration is a concern and distances are minimal, a smaller and lighter vehicle
would be chosen to operate service, provided the vehicle can accommodate peak-
hour loads.

However, as vehicles get smaller and lighter, their capacities also are reduced. In
choosing a smaller and lighter vehicle to reduce street vibration, the resulting passen-
ger capacity may not meet peak-hour loads. As such, some compromise between the
level of street vibration and capacity must be met in the vehicle-selection process.

Public Acceptance

Public acceptance refers to whether or not the general public (including both choice
and captiveridersaswell asnonriders) isaccepting of the type of vehicle. Surveyshave
indicated that the general public is more accepting of smaller, quieter, less obtrusive
vehicles. Larger vehicles tend to be noisier, cause more street vibration, and are gen-
eraly less visualy appealing to the general public. However, smaller vehicles such as
vans may not be perceived as real “public transit.”
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Public acceptance can so often dictate where and when vehicles are operated, and
it may be one of the most important nonfinancial decision-making factors. In residen-
tial areas with narrow streets, it would be more appropriate to select asmaller, lighter
vehicle, which hasless street vibration associated with it and which may be less obtru-
sive to the community.

Because larger vehiclestend to be noisier, cause more street vibration, and in genera
are thought to be more cumbersome, these vehicles tend not to gain the public’s accep-
tance as easily as smaller vehicles. For this reason, it can be more advantageous to use
a smaller vehicle in residential areas with narrower streets and to use larger vehicles
along major thoroughfares.

Visual Impact

Thevisual impact of avehiclerefersto the appearance of thevehicle and how it affects
both ridership and acceptance of the vehicle by those who do not ride, especidly in res-
idential areas served by a particular route. Indications are that choice riders are more
likely to ride a busiif it is newer, cleaner, and in general more modern looking. Older
transit vehicleswith exhaust stains, dents, and misaligned partstend not to attract choice
riders and are less likely to be accepted for use within residential areas. Further, choice
riders tend to lean toward smaller vehicles that are generally thought to be “ cuter.”

On a new route, especialy one created to serve choice riders, it might be advanta
geous from a marketing standpoint to use avehicle that is newer and possibly smaller,
depending on ridership projections. Additionally, if avehicle is used primarily in res-
idential areas, smaller vehiclesthat arelessobtrusive arelikely to bethe vehicleof choice.

As with street vibration, the advantages and disadvantages of visual impact in the
decision-making process are those aspects dealing with capacity constraints. While a
smaller bus may be more attractive to choiceridersaswell as other passengers, the pas-
senger capacity may not meet peak-hour loads or for that matter off-peak loads. As
such, some compromise between the visual impact and capacity must be met in the
vehicle-selection process.

Route Flexibility

Route flexibility dealswith theissue of swapping vehicles between servicetypes. In
other words, can avehicle be used in fixed-route, demand-responsive, and subscription-
type service or is it limited to one service type by capacity constraints; seating con-
figurations; fueling capacity; environmental conditions that affect ground clearance
(unpaved roads); vehicle width (narrow roadways) or height (trees) clearance; or by the
types of clients that will be transported?

While capacity constraints and environmental conditions are self-explanatory, fac-
tors such as seating configurations and the types of clients transported are not. These
two factors are intertwined when it comes to route flexihility. Seating configurations
affect route flexibility if thereis a need to transport large numbers of persons who use
wheelchairs. As this number increases, the number of fixed seating locationsis likely
to diminish and henceresult in alower nonambul atory passenger capacity. Seating cor-
figuration is also likely to be affected by the type of service if awide aisle width is
required to accommodate boarding and alighting passengers at the same time (as with
fixed-route services).

Because of the constraints resulting from capacity, seating, environmental, and client
types, route flexibility affects decisionmaking with regard to much of the interior as
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well as exterior specifications of avehicle. If capacity is minimal, the flexibility to put
avehicle on different service types may not exist and if a vehicle has a ground clear-
ancethatisminimal or aheight clearance that istoo extreme, avehicle may not be oper-
ablein areas of unpaved roads or areas with low lying trees.

The principal advantage of obtaining vehiclesthat can be used on a variety of route
or servicesisthat the vehicle fleet size can be minimized. Thisleadsto benefitsin other
areas including vehicle standardization, maintenance, and training needs. A disadvan-
tage associated with using service flexibility asafactor in the vehicle-selection process
isthat a chosen vehicle may not meet the needs of al passengers as effectively as one
that is designed specifically for them. For example, while the use of flip-down seats
allowsfor the storage of wheelchairs, the flip-down seats are not as comfortabl e asfixed
seats, and while alarger vehicle may accommodate additional passengers, the distance
between the vehicle door and the farthest wheelchair securement device may create
maneuverability issues for passengers using wheelchairs.

Legal Liability

Legal liahility refersto the fiscal responsibility resulting from an accident or injury.
In terms of being a nonfinancial aspect of vehicle selection, legal liability comesinto
play as vehicle capacity increases. Generally, the premiums associated with avehicle's
insurance increases as the capacity increases (the potential risks increase as the num-
ber of people on the vehicle increases). Since premiums are very dependent on vehicle
size, legal liability, and the resulting insurance costs, they affect the decision-making
process.

The primary advantage of choosing a smaller vehicle is the reduction in premiums
associated with liability. However, in selecting a smaller vehicle, seating capacity is
minimized along with the additional revenue associated with increased ridership.

Adequacy of Maintenance and Storage Facilities

The adegquacy of maintenance facilities influences the vehicle-sel ection process sig-
nificantly with regard to the size of avehicle. Maintenance bays and associated equip-
ment including lifts and tools are dependent on the size of avehicle as larger vehicles
require larger bays (height and width), higher capacity lifts, and service pits (if liftsare
unavailable). Similarly, a property must have adequate spaceto store and servicelarger
vehiclesif such vehicles are being considered.

Asthe vehicle size increases, so does the need for larger and more complex mainte-
nance equipment and facilities aswell as the need for additional storage and servicing
space. In addition to the facilities themselves, as vehicles increase in size, changes in
the vehicle specifications, including the use of such features asair brakes, require addi-
tions to maintenance equipment and diagnostic tools.

As the adequacy of maintenance facilities improves, so does the ability to maintain
larger and more complex vehicles as well as the ability to conduct additional mainte-
nance activities in-house. The performance of maintenance activitiesin-house leads to
more control over quality and quantity of maintenance performed. Whileimprovements
to the adequacy of a maintenance facility result in the ability to provide additional
maintenance activities, this also leads to more complexity in conducting maintenance
activities, which in turn requires improvementsin staff training or hiring more experi-
enced staff.
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Training Needs

Training needs refer to the time and the cost associated with training drivers and
other staff in the operation of vehicles. Because not al vehiclesare exactly dike, either
in performance or instrumentation, the training requirements on each vehicle vary.
While there are basic training requirements for all vehicles, there are differences that
affect the level of training including the passenger capacity of the vehicle [Commer-
cia Driver'sLicense (CDL) requirements] and braking systems (air brakes versus con-
ventional braking systems). Other factors that influence training needs include vehicle
length and corresponding differencesin turning radii, passenger demographics and the
level of passenger assistance required to board and alight avehicle (i.e., low floor ver-
sus a conventional vehicle), and the type of service to be provided (fixed-route versus
demand-responsive).

Training needs affect the decision process on severa levels including operation of
the vehicle, passenger assistance, and service type. As the complexity of a vehicle
increases, so do the training needs. For instance, while avan may operate much like an
automobile, a 30-ft vehicle with air brakes requires an understanding of the turning
radius of that vehicle along with an understanding of air brakes and their operation.
Similarly, asatransit property adds to the number of different vehiclesin its fleet mix,
training needs could increase since mechanics and drivers may have to be trained on
more than one vehicletype. In addition, CDL training may be needed for driversif they
aremoving up in vehicle size.

In general, smaller vehicles will require less training in the actual operation of the
vehiclewhilelarger vehiclesrequire moretraining. However, because smaller vehicles
are often used in demand-responsive service, particularly for the elderly and persons
with disabilities, a greater level of passenger assistance and other customer-related
training are required.

Fleet Standardization

Fleet standardization refers to the selection of vehicles from the same manufacturer
or even the same model from the same manufacturer. While this discussion isabout the
nonfinancial aspects of vehicle selection, standardization can reduce costs through bulk
purchase of the vehicles themselves aswell asin terms of replacement parts. It further
assists in the reduction of costs associated with other factors in the selection process,
including operator and maintenance training needs, which can also be standardized as
aresult of fleet standardization.

The affects on decisionmaking revolve around several factors including the ability
of a system to adapt driver and maintenance-training programs to multiple vehicle
types, the availability of in-house or private (if not conducted in-house) maintenance
providers to adapt to new maintenance requirements, the costs of acquiring additional
specialized equipment of diagnostic tools, and the necessity for additional storage.

Fleet standardization focuses on the use of one vehicle type. By procuring only one
vehicletype, capital costs associated with the procurement of additional toolsand diag-
nostic equipment as well as training costs can be reduced.
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PART 9
OTHER FINANCIAL FACTORS

Other financial factors that may need to be considered in the economic decision-
making process include the issue of extending the life of the vehicle, salvage value,
the cost of replacement tires, fuel type, and leasing as opposed to purchasing vehicles.
These can have an effect on the costs of operating and maintaining transit vehicles,
however, it was not possible to quantify such factors for this first version of STVe,
except for tire cost.

Extended Vehicle Life

For certain transit vehicles, transit agencies may elect to perform a major mainte-
nance overhaul, specifically to increase the life of the particular vehicle. This practice
is often done on standard 40-ft transit buses. Typically, the drive lineof the vehicleis
rehabilitated, which includes among other components, the engine and transmission.
Given the large capital cost of such larger vehicles, this practice of extending the life
can be cost-effective.

Major rebuilds are not, however, generally done on the smaller, shorter-life tran-
sit vehicles. Rebuilding is affected by various factors, including the fact that somein
the transit industry believe it is not cost-effective; the promulgation of new require-
ments mandated for transit vehicles (e.g., emissions controls, ADA, etc.); and visual
impact (rehabbing a smaller transit vehicle will not update its “look”). However,
some larger agencies and mgjor private transportation providers are looking at
extending the life of their smaller transit vehicles as they have come to believe it to
be cost-effective.

The costs for amajor overhaul to extend the vehicle' suseful life are considered cap-
ital costsand are generally part of the calculation when determining the full cost of the
vehicleand itslife, usualy referred to as “life cycle costing.” However, because there
are no standardsfor extending the useful life of smaller transit vehicles, STVe does not
provide the capability to assess the economic impacts of a major maintenance overhaul
for the smaller vehicles. It isan option, however, that can influence the decisionmaking
when considering the purchase of smaller transit vehicles.

Salvage Value

Salvage value refers to the worth of a vehicle after it has finished its useful life
with the transit agency and is being sold or given away. The economic impact of a
vehicle ssalvage value will beinfluenced by the market for used vehicles, which will
vary community by community. Theimpact isalso likely small and is not considered
by STVe.
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Tire Cost

From a maintenance perspective, the cost for tires varies by a number of factors,
including how many tires are used by the vehicle, the size of the tires, and the operat-
ing environment. Thetire operating environment includes factors such astire inflation,
tire inspection, driver training (e.g., how close to the curb do drivers stop with result-
ing exposure to curbs), and the service area environment (e.g., pavement type, terrain,
heat, and number of stops).

Typically, tires used for standard transit vehicles are leased from one of the severa
large tire manufacturers. These tires, which may be four times larger than tires used for
smaller transit vehicles, are very hardy and built to be re-capped a number of times. The
tire leasing programs (also called tire mileage or tire casing programs) lease the appro-
priate size and number of tiresto atransit agency for a specified number of miles. Typ-
ically, thetransit agency pays the tire company acertain amount per tire per mile. Each
individual tire will have its own unique identifying number, and the tire leasing com-
pany will periodically audit itsleased tires at the individual transit agenciesto adjust the
lease rate to reflect actual operating experience and costs at that particular agency.

Generally, agencies using smaller transit vehicles with smaller tires purchase tires
rather than lease them. (Exceptions would be those smaller vehicles using larger tires
and the smaller purpose built transit buses, which are realy just shorter versions of a
standard 40-ft coach). This is done because many transit agencies have found that the
cost to re-cap the smaller tires may be as much asbuying new tires. Thus, agenciesusing
smaller transit vehicleswith smaller tires generally do not use the tire leasing programs.

Fuel Type

When selecting new vehicles, transit planners must consider the type of fuel to be
used. In the past, smaller transit vehicles used predominately gasoline or diesel, and
theseare still common, although alternative fuel s are becoming more widely used. Fed-
eral and in some cases state regul ations governing clean air have prompted theincrease
in use of alternative fueled transit vehicles.

Fuel economy is arelated concern for planners considering new vehicles, asfuel is
an ongoing operating expense. Generally, amore powerful engineislessfud efficient.
For an agency using an aternative fuel, fuel economy may be particularly important as
the cost of some alternative fuelsis considerably higher.

For the current version of ST Ve, different fuel options are not included for the cate-
gories of smaller vehicles, with the exception of dual-wheel van cutawayswhere STVe
recognizes both gasoline and diesel versions. If your agency is considering gasoline
versus diesel options, you might want to think about several issues:

« Do you have maintenance capability (either in-house or through local garages) to
work on the particular type of engine? In some rural areas, there may be few good
mechanics with diesel engine experience.

« |sthere an adequate supply of diesel fuel?

* What are the relative price differences between the two types?

TCRP Project C-8 devel oped amodel for evaluating the costs of fuel optionsfor tran-
sit buses, called FuelCost 1.0 which may be useful to you in assessing the potential
for your agency to purchase alternative fuel vehicles (see TCRP Report 38
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Lease Versus Purchase

Transit agencies may determine that it is more cost effective to lease vehicles than
to purchase them outright. For example, if an agency is starting up a new service and
wants to gain some operating experience before making a longer-term commitment to
vehicle acquisition, it may make sense to lease the vehicles. Or if an agency isusing a
private contractor to operate the service, it may be advantageous to have the contrac-
tor provide the vehicles through alease arrangement as the contractor will typically be
able to acquire the vehicles more quickly.

The use of federal funding for leased vehicles can be cost effective, allowing the
agency to leverage federal dollars rather than having to rely on local funds. For transit
agencies using Federal Transit Administration (FTA) funds, the costs of leasing vehi-
cles from another entity are eligible for capital assistance, as long as leasing is more
cost-effective than purchase. Lease costs are eligible on an 80 percent federal share
ratio.

When transit agencies with FTA funds use a contractor to provide vehicles, federal
funds can be applied to assist with the capital (e.g., vehicles) used for the contracted
service operation. The concept of assisting with capital used isreferred to as the “ cap-
ital cost of contracting.” The FTA will provide funding at the 80/20 federal/local share
ratio for the capital cost of contracting.

Low-Floor Vehicles

Thetransit vehicle manufacturing industry introduced low-floor vehiclesto improve
accessibility and boarding for passengers, particularly the elderly and those with dis-
abilities. Initialy, low-floors were available only for standard transit buses, not for
smaller vehicles; however, this has changed and smaller transit vehicles can now be
obtained with low-floor options, although they tend to be more costly than other mod-
els without the low-floor feature.

With the lower floor, clearance has been an issue in some areas where there is snow
accumulation or unimproved roads with loose soil, or where the vehicles need to oper-
ate on steep driveways and access roads. A recent TCRP report on low-floor vehicles®
reportsthat transit agencies surveyed were satisfied with the road clearance attributes of
their low-floor buses. One agency did indicate that there were clearance problems for
the buses at high at-graderailroad crossings, and severa agenciesreported that the ramp
mechanism protective skid would occasionally ground at steep entrance driveways.

Capacity is more of an issue for the low-floor buses. Generally, the low-floor buses
will have fewer seats than a comparable high-floor model. Seat lossis due to the loss of
floor space to mount seats with the intrusion of the wheel wells and sometimes to the
engine into the passenger area. It has been estimated that the loss is about three seats.

New versions of low-floor buses are designed so that the floor can be lowered and
raised by the driver, generally avoiding clearance problems.

®King, Rolland D. TCRP Report 41 New Designs and Operating Experienceswith Low-Floor Buses,” Trans-
portation Research Board, Washington, DC (1998).
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GLOSSARY

Americans With Disabilities Act (ADA)-Compliant: With reference to vehicles, it
means that the particular vehicle meets the various minimum design standardsfor tran-
sit vehicles as set forth in the ADA regulations.

Axle: A beam with a spindle or spindles about which wheels rotate.
Axle, Single: One axle mounted independently of any other axle.

Axle, Tandem: A two-axle assembly having a means of distributing or transferring
weight between the two axles.

Body: The part of the vehicle designed to carry items related to the use of the vehicle
rather than the operation of the unit. This does not normally include the cab except
when the cab isan integral part of the body asin apanel, suburban, van, or school bus.

Body-On-Chassis. Describes abus produced by a bus-building manufacturer in which
the chassisis acquired from an original equipment manufacturer (OEM), and the bus-
building manufacturer builds the entire vehicle body that is mounted on the chassis.
Thisincludesthe driver area as well as the passenger area. A body-on-chassis vehicle
can be what is referred to as “ purpose built.”

Chassis: The entire vehicle as produced by the factory (cab, frame, power plant, drive
line, suspensions, axles, wheels, and tires) when no body is included.

Cutaway: Describes a bus produced by bus-building manufacturer in which the chas-
sisincluding the cab is obtained from an original equipment manufacturer and the bus
builder builds the passenger compartment on to the chassis.

Discount Rate: The interest rate that is used to convert future investment or costsinto
their present worth (normally considered today but may also be another point in time).
Thediscount rate isthe current popular term for the interest rate representing the value
of money.

Equivalent Annual Cost (EAC): The amount of funds disbursed each year during a
period of future years that are necessary to pay for the purchase, operating, and main-
tenance of transit vehicles at the same interest rate during that period. The capital por-
tion of the EAC is similar to making the same monthly payments over a period of time
(e.g., 36 months) for the purchase of your automobile (not operating or maintaining) at
an interest rate established by the lender (e.g., the bank).

Forward Contral: (1) A configuration in which more than half of the engine length is
rearward of the foremost point of the windshield base and the steering wheel hub isin
theforward quarter of the vehiclelength. (2) Vehiclewith driver controls (pedals, steer-
ing wheel, instruments) located as far forward as possible. Supplied with or without
body, the controls are stationary mounted as opposed to the special mountings of tilt
cab models.
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Front-Wheel Drive: Drive system that transmits power through the front wheels; same
asfront drive.

Gross Vehicle Weight: Actual weight of entire vehicle including all equipment, fuel,
body, payload, driver, etc.

Gross Vehicle Weight Rating: The value specified by the manufacturer as the loaded
weight of asingle vehicle.

L ow-Floor Bus: A bus which, between doors 1 and 2, has a vehicle floor sufficiently
low and level enough to removethe need for stepsin the aisle both between these doors
and in the vicinity of the doors. Passengers in wheel chairs and other wheeled mobility
devices enter by ramp rather than lift.

Operating and Maintenance (O& M) Costs: As used by STVe includes the cost of
fuel, tires, and mechanical maintenance labor and parts. If your agency received finan-
cial assistance from other than local governments for mechanical maintenance, the
amount of that assistance is not included in the operating and mai ntenance costs shown
in the STVe Report.

Present Worth: Thevalue (or cost) of the funds disbursed during aperiod of yearsthat
are necessary to pay for the purchase, operating, and maintenance of transit vehicles
considering the same interest rate during that future period. For example, if you dis-
bursed $100 annually for 10 years, the simple total of that amount would be $1,000.
But if the interest rate for borrowing or lending money was 10 percent during that
period, the present worth of the $1,000 that was disbursed in 10 annual payments of
$100 is only $614.40. Thisis because a dollar paid today is worth more to the lender
then if adollar was paid at some later date. If your payment is made sooner rather than
later, the lender can earn more because of the compound effect of interest. Money has
atime value; therefore, the present worth of future dollars is said to be “discounted”
using the compound effect of an interest rate.

Rear-Wheel Drive: Drivetrain design that applies power through the rear wheelsonly.
A rear-wheel drive vehicle may be front engine, mid-engine, or rear engine.

Rehabilitation: The rebuilding of the vehicle to its original specifications which may
include some new components, but has less emphasis on structural restoration as is
done with remanufacturing.

Remanufacture: The structural restoration of the vehicle in addition to installation of
new or rebuilt major components (e.g., engine, transmission) to extend the useful life.

Turning Diameter: Twice the turning radius.

Turning Diameter—Curb-to-Curb: The diameter of the smallest circle within which
the vehicle will clear a curb 150 mm high, while the vehicle is executing its sharpest
practicable turn.

Turning Diameter—Wall-to-Wall: The diameter of the smallest circle that will
enclose the outermost points of projection of the vehicle while executing its sharpest
practicable turn.
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Turning Radius: The distance from the turning center to the center of tire contact with
the road of the wheel describing the largest circle, while the vehicle is executing its
sharpest practicable turn (usually to the outside front wheel). See Figure 3.

Wheelbase: Distance from the center of the front wheel to the center of the rear wheel
on the same side of the vehicle.
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APPENDIX A
Examples Using STVe

SCENARIO A—EVERSERVE TRANSIT SYSTEM

Everserve Transit System (ETS) is located in Everytown, UT (a city of 250,000
people). The ETS currently operates standard size (40-ft) transit vehicles on fixed routes.
The ETS will start a new commuter service in 2000 that operates from the outlying
rural/suburban part of its service area into the city. The service is expected to operate
about 27,500 miles annually. The vehicle loads anticipated do not warrant use of alarge
transit coach—the system expects about 19 passengersper run. The system’ splannersare
interested in understanding which size vehicle would be most economical to purchaseand
operate.

The new vehicles would be purchased with 80 percent federal funds, 10 percent
state funds, and 10 percent local funds. Currently the system maintains vehicles in-
house and paysits mechanics an average of $14.85 per hour with a 35.3 percent fringe
benefit rate. The system’s maintenance expenses are “ capitalized” and cover 80 per-
cent through itsfederal grant. Fuel currently costs $.73 per gallon for gas and $.64 per
galon for diesel fuel (the ETS does not pay fuel taxes). The estimated interest rate is
10 percent.

Scenario A: Figure A-1 presents STVe' sUser Input screens. Scenario A: Figure A-2
presents STVe's Output Report for this run. As shown, five vehicles have the capac-
ity to meet Everserve’'s needs. The vehicles with the lowest equivalent annual cost
(EAC) arethe Purpose Built, Front Engine, Small Busd€ategory 4). However, the
Low Floor, Medium Duty Front Engine Buseg§Category 6) were only 6.3 percent
morein EAC and also should be considered (other nonfinancial factors also should be
weighed).

SCENARIO B—MOUNTAIN TRANSPORTATION SERVICES, INC.

Mountain Transportation Services, Inc. (MOUNTYS), a private, nonprofit agency,
operates fixed routes (with deviations) in rural areas of Vermont with 10,000 persons
over aservice area of 2,000 mi. MOUNTS currently operates vans, but is considering
purchasing some larger vehicles because the service is growing and there are some-
timesover 15 passengers on the vehicles. Each vehicle operates 35,000 milesannually.
The system’s planners are interested in understanding which size vehicle would be
most economical to purchase and operate.

The new vehicleswould be purchased with 100 percent agency funds. Currently, the
system contracts for maintenance at an hourly rate of $35.00 (which includes fringe
benefits). The system’s maintenance expenses are covered 100 percent with agency
funds. Fuel currently costs $1.00 per gallon for gas and $.80 per gallon for diesel fuel
(the MOUNT S does pay fuel taxes). The estimated interest rate is 15 percent.
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ECONOMIC COST ANALYSIS OF SMALL TRANSIT VEHICLES

S5TVe USERINPUT

Please provide input in the yellow-highlighted boxes for each of the thirteen (13) information requests
or accept the default values as shown. When your input is reasonable or within a range expected by
STVe, the comment box will respond with "e.k." Comments other than "o.k." are meant to provide

guidance and, in most cases, will not prevent program execution. However, unreasonable and

misleading report values could result. NOTE: First-time users of STVe should read the User's Guide
for complete infoermation on the model including user-defined input, default values, and model output.

ABOUT THE SERVICE

1. Provide the two-letter abbreviation of the State or Territory where the candidate
vehicles are expected to provide most of their service.

2. Provide the year that candidate vehicles are expected to be placed into service.

3. Estimate the average number of annual vehicle miles expected to be incurred by
each candidate vehicle. (Please, ho commas.}

4. Estimate the percentage of total annual miles or fime that candidate vehicles will
be used in the following service areas:
CBD
Arterial
Commuter
Total (must be equal to 100.0)

5. Provide the minimum wheel turning radius (in feet) that candidate vehicles must
have in order to negotiate roadway conditions in your service area.

ABOUT THE VEHICLE

8. Provide an estimate or accept the default values for the total purchase cost of each
candidate vehicle class including a supply of spare parts, maintenance training,
and warranty coverage:

. Van, Gasoline

. Single Wheel Van Cutaway, Gasoline

. Dual Wheel Van Cutaway, Gasoline

. Dual Wheel Van Cutaway, Diesel

. Purpose Built, Front Engine, Small Bus, Diesel

. Purpgse Built, Rear Engine, Small Bus, Diesel

. Low Floor, Medium Duty, Front Engine Bus, Diesel
. Low Floor, Heavy Duty, Frant Engine Bus, Diesel

. Heavy Duty 30' Bus, Diesel

(2%

[#%)
[ R VS T N v B 1) LR

7. Please indicate the maximum number of passengers that candidate vehicles
must accommodate at one time including the minimum wheelchair positions
required by ADA.

Scenario A: Figure A-1.

Ut

o.k.

2000

0.k.

27,500

0.k

30.6

70.0

0.0

100.0

41.0

oK.

$30,800

$37,080

$43,260

$49,440

$79,825

$123,600

$133,900

$206,000

§283,250

19

o.k.

31
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ABOUT THE MCNEY
8. Provide or accept the default hourly wage rate for mechanics who will maintain

your candidate vehicles.

9. Provide or accept the default fringe benefit percentage of wages for mechanics
who will maintain your candidate vehicles.

10. Provide the percentage of purchase cost for candidate vehicles you expect
to be funded by your agency and/or [ocal government.

11. Provide the percentage of candidate vehicle mechanical maintenance expense
you expect to be funded by your agency andfor local government.

12. Provide or accept the default cost per gallon of fuel you expect to pay using
candidate vehicles and including any taxes, if appropriate.
Gasoline

Diesel

13. Provide or accept the default percentage rate of interest for the time value of
money.

ID: [Everserve Transit |

Figure A-1. (Continued).
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$14.85

o.k.

35.30

ok

10.00

ok

20.00

o.k

$0.730

0.k

$0.640

o.k.

10.00

oK.

ECONOMIC COST ANALYSIS OF SMALL TRANSIT VEHICLES

Taday's Date: 8/16/99

STVe REPORT
Year 2000 Life Total Percent Estimated
Purchase  Expectancy Equivalent EAC Year 2000
Vehicle Class Cost (years) Annual Cost Difference O&M Cost
1.  Van, Gascline $30,800 4 Not Available Not Available Not Available
2. Single Wheel Van Cutaway, Gasoling $37,080 4 Not Available Not Available Not Available
3G. Dual Wheet Van Cutaway, Gasoline $43,260 5 Not Available Not Available Not Available
3D. Dual Wheet Van Cutaway, Diesel $49,440 5 Not Avaitable Not Available Not Available
4. Purpose Built, Front Engine, Small Bus, Diesel $79,825 6 $6,860 0.0% $4,790
5. Purpose Built, Rear Engine, Small Bus, Diesel $123,600 7 $8,123 18.4% $5,341
6.  Low Floor, Medium Duty, Front Engine Bus, Diesel $133,900 7 $7,293 6.3% $4,212
7. Low Floor, Heavy Duty, Front Engine Bus, Diesel $206,000 12 $9,144 33.3% $5,364
8.  Heavy Duty 30’ Bus, Diesel $283,250 12 $12,812 86.7% $7.589

Note: A response of "Not Available” means that the vehicle class does not meef your requirements for minimum turning radius,

maximum passenger capacity, or combinations thereof,

STVe Report is based only on economic factors. Vehicle selection must also consider non-financial factors. Please refer to the User's Guide.

Today's Date: 8/16/99

ID:| Everserve Transit |

Scenario A: Figure A-2.
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Scenario B: Figure B-1 presents STVe' s User Input screens and Scenario B: Fig-
ure B-2 presents STVe' s Output Report for thisrun. As shown, seven vehicles havethe
capacity to meet MOUNTS needs. The vehicleswith the lowest equivalent annual cost
(EAC) are the Diesel Duel Wheel Van Cutaway€ategory 3D). The same vehicle
with a gas engine (Category 3G) might also be considered, especially if the other
agency vehicles are gas powered, since this category is only 10 percent morein EAC.

As aways, other nonfinancial factors should aso be considered.

TCRP PROJECT B-14
ECONOMIC COST ANALYSIS OF SMALL TRANSIT VEHICLES
STVe USER INPUT

Please provide input in the yellow-highlighted boxes for each of the thirteen (13} information requests
or accept the default values as shown. When your input is reasonable or within a range expected by
S$TVe, the comment box will respond with "o.k." Comments other than "o.k." are meant to provide
guidance and, in most cases, will not prevent program execution. However, unreasonable and
misleading report values could result. NOTE: First-time users of STVe should read the User's Guide
for complete information on the model including user-defined input, default values, and model output.

ABOUT THE SERVICE
1. Provide the two-letter abbreviation of the State or Territory where the candidate
vehicles are expected to provide most of their service. VT
ok
2. Provide the year that candidate vehicles are expected to be placed into service. 2000
o.k.

3. Estimate the average number of annual vehicle miles expected to be incurred by

each candidate vehicle. (Please, no commas.) 35,000

o.k.

4. Estimate the percentage of total annual miles or time that candidate vehicles will
be used in the following service areas:

CBD 0.0
Arterial 0.0
Commuter 100.0
Total (must be equal to 100.0) 100.0

5. Provide the minimum wheel turning radius (in feet) that candidate vehicles must

have in order to negotiate roadway conditions in your service area. 41.0

o.k.

ABOUT THE VEHICLE

6. Provide an estimate or accept the default values for the total purchase cost of each
candidate vehicle class including a supply of spare parts, maintenance training,
and warranty coverage:

1. Van, Gasoline $30,900
2. Single Wheel Van Cutaway, Gasoline $37,080
3G. Dual Wheel Van Cutaway, Gasoline $43,260
3D. Dual Wheel Van Cutaway, Diesel $49,440
4. Purpose Built, Front Engine, Small Bus, Diesel $79,825
5. Purpose Built, Rear Engine, Small Bus, Diesel $123,600
6. Low Floor, Medium Duty, Front Engine Bus, Diesel $133,900
7. Low Floor, Heavy Duty, Front Engine Bus, Diesel $206,000
8. Heavy Duty 30' Bus, Diesel $283,250

Scenario B: Figure B-1.



7.

Please indicate the maximum number of passengers that candidate vehicles
must accommodate at one time including the minimum wheelchair positions
required by ADA,

ABOUT THE MONEY

8

10.

M.

12,

13,

Provide or accept the default hourly wage rate for mechanics who will maintain
your candidate vehicles.

Provide or accept the default fringe benefit percentage of wages for mechanics
who will maintain your candidate vehicles.

Provide the percentage of purchase cost for candidate vehicles you expect
to be funded by your agency and/or local government.

Provide the percentage of candidate vehicle mechanical maintenance expense
you expect to be funded by your agency and/or local government.

Provide or accept the default cost per gallon of fuel you expect to pay using
candidate vehicles and including any taxes, if appropriate.
Gasoline

Diesel

Provide or accept the default percentage rate of interest for the time value of
money.

ID: [MOUNTS

Figure B-1. (Continued).
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TCRP PROJECT B-14
ECONOMIC COST ANALYSIS OF SMALL TRANSIT VEHICLES
STVe REPORT

Year 2000 Life Total Percent Estimated
Purchase Expectancy Equivalent EAC Year 2000
Vehicle Class Cost (years) Annual Cost Difference O&M Cost
1. Van, Gascline $30,900 4 Not Available Not Available Not Availabie
2. Single Wheel Van Cutaway, Gasoline $37,080 4 Not Available Not Available Not Available
3G. Dual Wheei Van Cutaway, Gasoline $43,260 5 $24,454 10.5% $10,139
3D. Dual Whee! Van Cutaway, Diesel $49.440 5 $22,126 0.0% $6,559
4, Purpose Built, Frant Engine, Small Bus, Diesel $79,825 8 $33,853 53.0% $10,889
5. Purpose Built, Rear Engine, Small Bus, Diesel $123,600 7 $42,728 93.1% $11,141
6.  Low Floor, Medium Duty, Front Engine Bus, Diesel $133,800 7 $47,371 114.1% $12,467
7. Low Floor, Heavy Duty, Front Engine Bus, Diesel $206,000 12 $58,711 165.4% $15,236
8. Heavy Duty 30' Bus, Diesel $283,250 12 $85,501 286.4% $24,789

Note: A response of "Not Available” means that the vehicle class does not meet your requirements for minimum turning radius,
maximurm passenger capacity, or combinations thereof.

8TVe Report is based only on economic factors. Vehicle selection must also consider non-financial factors. Please refer to the User's Guide.

1D:f MOUNTS | Today's Date: 8/16/99

Scenario B: Figure B-2.
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APPENDIX B
DETAILS ON THE ECONOMIC MODEL

STVe (Small Transit Vehicle economics) is an economic model designed for transit
planners and others making decisions about the purchase of small transit vehicles. The
model assistsin the evaluation of different types of smaller vehicles prior to acquisition.

Overall Modeling Approach

The most critical issue in planning transit services (in addition to ridership) is how
much it will cost to equip and operate particular services. The development of reliable
cost estimates is an important element, both in making capital decisions and in plan-
ning services, since these estimates are used to determine the cost effectiveness and the
financial feasibility of operating various types of services and vehicles.

Some of the planning questions relate to the economics of the decision: doesit make
sensetoinvest in the particular vehicle? Other issues are nonfinancial, but must be con-
sidered in the decision-making process. Both are addressed in the User’s Guide, but
only the economics of the decision are considered in the computer model.

Finding the appropriate vehicle type for a given service in a specific operating envi-
ronment begins by viewing the quantitative part of the decision process as an invest-
ment decision. The research team took the approach to the devel opment of an economic
decision-making model that is based on classic engineering economy principles' more
recently referred to aslife cycle costing. Unlike an accounting problem, the engineer-
ing economy approach is concerned with differences rather than apportionment of
costs. It isimportant to understand that under this approach all actions of the past are
irrelevant and that the differences between alternatives are now or in the future. This
implies that this study is based on forecasts, which uses the present situation as a base
condition, and that conclusions from the analysis are dependent on the prediction or
estimates of future events. Therefore, the many factorsthat are associated with this pro-
cedure are retained as variables, which may be changed or modified to suit differing
forecasting perspectives. Thismodel approach allows the user to test results by chang-
ing input variables.

Buying public transit vehicles can be considered a business decision, with the objec-
tive of making the best possible use of limited resources. This decision involves deter-
mining from an array of available vans and smaller buses, which type of vehicleto pur-
chase and operate that best suits the expected travel needs of a particular community.
Themodel STVeisbased on the principles of engineering economy and therefore pro-
vides information concerning the projected economic differences of various types of
vehicles operating under like conditions during the same time period. The results
obtained from the model are probably not precise, because they are based on assump-

1 For example, Grant, E. L. and Ireson, W. G., Principles of Engineering Economy, The Ronald Press Company,
New York, NY, 4th edition (1960).
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tions and estimates, which are subject to error. Nevertheless, in using the model, the
chances of getting the right answer are significantly greater than what an operator may
have been doing in the past.

Thus, STVe s based on the principles of engineering economy and providesinfor-
mation concerning the projected economic differences of various types of vehicles,
operating under like conditions during the same time period. This allows the user to
assess whether it makes economic sense to invest in a particular type of vehicle.

Most investment problems, and this would include the acquisition and operation of
public transit vehicles, involve determining what makes sensein the long run, which is
years, not days. For such problems, it is necessary to recognize the time value of money.
This concept—thetime value of money—exists because of interest. Because of theexis-
tence of interest, adollar today is worth more than the promise of a dollar next year or
sometime later in the future. Thisiswhy banks pay you interest when you deposit your
money into their accounts. To calculate the fact that money today isworth morethan the
prospect of that same amount of money in the future, economists use a discount rate
(asoreferred to asan interest rate). Thisallowsthe economic analysisto discount future
money back to present time, essentially calculating future money’ s present worth.

In the development of STVe, the researchers determined the most appropriate dis-
count rate to use for the model’s calculations. The best documented sources on eco-
nomic analyses and discount rates say there is no single right number because of the
many factors affecting its choice,? in addition to the imperfection and unpredictability
of the economy. “The rate must be chosen as a matter of judgment.”® The U.S. Con-
gress hasweighed in on discounting analysis and rates of return; aCongressional Com-
mittee on the topic stated that “ depending on the system of weights adopted, this rate
is currently in the 8-10 percent range.”*

Building on the Congressional Committee findings, the default discount rate set for
STVeis 8.5 percent. However, the discount rate can be defined by the user, and it is
strongly suggested that users conduct each evaluation of vehicle alternatives using
three or more discount rates, for example, 5 percent, 10 percent, and 15 percent. By
using several different discount ratesfor the moddl’ sanalysis, the effect of the discount
rate will be shown.

When users review the results of a model calculation, if the same vehicle class
always has the lowest equivalent annual cost using an appropriate range of discount
rates, it is safe to assume that any reasonable discount rate will have little or no effect
on your economic decision. If, on the other hand, using the range of interest ratesresults
in more than one vehicle class having the lowest equivalent annual cost, then non-
economic factors should weigh heavily in the selection decision.

Several things must be recognized about this model:

« Asan economic model, ST Ve does not consider noneconomic factors. These may
be as important or more important in the decision-making process as economic
(monetary) factors. Quality of ride, enhancement of air cleanliness, low noise
levels, and vehicle aesthetics are examples of noneconomic factors. Part 8 of the

2 For example, see “ Factors Considered in Setting I*,” Eugene Grant, W. Grant Ireson, and Richard S. Leaven-
worth, Principles of Engineering Economy, 8" ed., John Wiley & Sons, New Y ork (1990), p. 325.

3 Robley Winfrey and Carl ZélIner, “ Summary and Eval uation of Economic Consequences of Highway Improve-
ments,” NCHRP Report 122, Highway Research Board, National Research Council, Washington, DC (1971) p. 35.

4U.S. Congress, Joint Economic Committee, Subcommittee on Economy in the Government. Report on the Eco-
nomic Analysisof Public Investment Decisions: Interest Rate Policy and Discounting Analysis, Government Print-
ing Office, Washington, DC (1968), p. 16. Thisreport isthelast known published Congressional Committee report
on the topic.
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User’ s Guide discusses an array of noneconomic factorsthat should be considered.
Depending on your agency’s situation or your community’ s goals and objectives
for transit, one or more of the noneconomic factors may be the critical determinant
in the selection of the type of vehicle for your community.

» The model is designed to compare the future cost differences of different classes
of small transit vehicles from the perspective of the owners of the transit agency,
i.e., local government(s). Thisisnot to imply that the broader perspectives of state
and federal governments cannot be accommodated in using the model, but, rather,
that the economic results may differ from those for local government(s).

* Themodd, inits present form, incorporates most of the key factorsthat contribute
to the cost of owning and operating small transit vehicles, including capital pur-
chase, fuel and tires, and mechanical maintenance labor and parts. The research
project that developed the model considered the subjects of vehicle leasing,
extending vehicle life through major maintenance overhaul, and maintenance ser-
vicing including vehicle cleaning and fueling. However, alack of suitable quanti-
tative information prevented further consideration of those factors.

* Themodel does not consider the ancillary costs of vehicle operators, nor questions
of whether the selection of larger vehicles will thus require fewer vehicles to
accommodate total passenger requirements. Fewer large vehicles would result in
lower total vehicle operator labor costs but, of course, decrease service headways.
The model assumes that the same number of transit vehicles will be required
regardless of the vehicle size.

Because the model uses capital, operating, and maintenance data and costs, the
model must be able to equate present and future costs, both continuously and at single
pointsin time as might be incurred by two or more aternatives. Three standard proce-
dures used to combine present and future expenditures are annual cost, present worth,
and rate of return methods.

The model uses the net present value or present worth method of computation.
Comparative costsare cal culated in the model based on the concept of net present value
or present worth over adefined period (the net present value provides a measure of the
current value of the sum of a stream of cash outlays for transit vehicle capital, operat-
ing, and mai ntenance purposes refl ecting the fact that despiteinflationary costs, thedol-
lars spent in the future are not as valuable to us as the dollars spent today).

What the Model Does Internally

The model’ s computational logic may be summarized as deductive reasoning. Once
variable input values have been entered or default values accepted by users, the model
computes tables of yearly capital, operating, and maintenance costs for each candidate
vehicle class. “Current cost” values for each class are computed for each year of the
economic analysis period based on computations of theinput variable values and tables
of unit cost, labor hours, and fuel consumption rates associated with each vehicle class
contained in Table 1.

After the yearly current-year cost tables for each vehicle class have been computed,
present worth cost tables areinternally cal culated by multiplying current cost valuesin
the yearly tables by single-year present worth factors to result in present worth cost
tables.
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Present Worth Cost® = Current Cost (1/((1 + 1)(n)))

where

| = interest rate; and
n = year within the analysis period

Columns of the present worth cost tables are then summed and combined to repre-
sent the total present worth cost for each vehicle class during the analysis period. Pres-
ent worth costs are converted to capital, operating, maintenance, and total equivalent
annual costs to help users better understand the results of the economic analysis. This
conversion to equivalent annual costs can easily be accomplished as follows:

Equivalent Annual Costs® = Present Worth Cost ((I* (1 + D™Nn)/(((1 + D(n)) — 1))

where

| = interest rate; and
n = total number of yearsin the analysis period

Along with equivalent annual costs for aternative vehicle classes, percentage differ-
ences between capital, operating, maintenance, and total economic costs are reported
together on a single page for users. If users are not sure about the value of input vari-
ables, they may modify their input values and run the model to determine the changes
in equivalent annual costs. Thus, the total economic costs are equal to the net present
value times the sum of the capital, operating, and maintenance costs.

Capital Cost Estimates

In the model, capital costs include the funds required to purchase transit vehicles.
The model does not include the possibility of leasing transit vehicles or conducting
major overhauls to increase vehicle life expectancy. Capital costs also do not account
for salvage value.

Capital costsfor transit equipment are based on the number, size, and type of equip-
ment. Vehicle costs are based on the price of the vehicle and its life expectancy. This
allowsthe model to consider the concept of “life cycle costing” and account for the fact
that different vehicles have very different life expectancies.

The funding source (and required local share for capital) can also interact with the
vehicle life span and the time value of money to shift decisionmaking on vehiclesin
favor of onetype or another. The model takesinto account the portion of the capital cost
that has to be contributed by the local system. If few local dollars are involved, it may
seem to make senseto alocal system to purchase the vehicleswith the longest projected
life, evenif they are the most expensive to purchase and they provide excess capacity—
aslong asthe higher operating costs do not offset the capital cost savings. On the other
hand, a system with moreloca dollarsinvolved may well be more sensitive to the time
value of money and choose cheaper vehicleswith a shorter life span. Recent changesin

5 Present Worth Costs provide ameasure of the sum of astream of cash outlaysfor transit vehicle capital, oper-
ating, and maintenance purposes reflecting the fact that despite inflationary costs, the dollars spent in the future
are not as valuable to us as the dollars spent today.

6 Equivalent Annual Costs represent the amount of money that would have to be spent each year to fund the
capital, operating, and maintenance requirements of transit vehicles into the future. Thisis an analytical abstrac-
tion and does not reflect actual cash outlays.
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federal transit funding programsto reduce or €liminate operating assistance, whilemain-
taining funding for capital may increase the incentives for systemsto buy vehicles with
along life—unlessthe differencesin maintenance and fuel costs (which areincreasingly
local) are greater than the savingsin the local share of capital costs.

Operating and Maintenance Cost Estimates

Inthe model, operating costsincludethefuel consumption and tire replacement costs
of transit vehicles. Maintenance costsinclude maintenancelabor costs and maintenance
parts costs during the economic analysis period. Operating costs do not include the cost
of daily fueling, cleaning, and servicing of transit vehicles.

Service characteristics define the resources needed, and the prices are used to esti-
mate a cost for each of these resources. There are two general approaches that can be
considered in estimating operating and maintenance costs: (1) cost alocation models
and (2) resource build-up models. The model uses the second approach, a “resour ce
build-up” model, aso often called “causal factor” model, to estimate operating and
maintenance costs for the various vehicles. In this approach, costs are estimated using
the quantities of components needed to provide a particular level of service (e.g.,
mechanic hours, gallons of fuel, tires) and then multiplying these quantities times the
unit costs for the labor or materials for different vehicle types.

Vehicle and Cost Data Tables

The model includes anumber of vehicle and cost tablesthat include the data used by
the program to calculate the equivalent annual cost and operating and maintenance
costs. Some of these tables include data collected directly from the manufacturers or
the literature (e.g., useful life, capital costs, interest rates) and some were constructed
based on data collected during Phase |1 of the project.

Vehicle Characteristics Table. The vehicle characteristics table includes informa-
tion on the vehicles, their capital and overhaul costs, life expectancy, fuel consumption
rates, turning radius, passenger capacity, and so on. Thevehiclelifeisdefined in years,
but no provision isbeing made for salvage values. Since planners using the model may
have some information on the service or operating environment (e.g., needed vehicle
capacity or minimum maneuvering space), the model allows users to specify a mini-
mum turning radius or vehicle capacity. Vehicles not meeting the minimum turning
radius or passenger capacity are not considered in the analysis.

Service Variables. Service variables are factors which describe how vehicles will
be used or the conditions under which vehicles are expected to operate. These variables
are expected to reasonably define the types of services performed by small vehicles.
Service variables in the model include where the service will be provided (by state),
the year servicewould begin, annual vehicle miles, and thetype of service. Differences
in service operating characteristics are reflected in the model using different speedsfor
different service types.

In the model, a number of look-up tables include data defining the relationship
between service variables and operating and maintenance cost. Each vehicle classhas
associated tables of annual maintenance labor hours per vehicle mile, annual parts
cost per vehicle mile, base fuel consumption rates, and tire costs per mile for look-up
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purposes. The service type affects the operating speed and thus the efficiency of fuel
consumption. Very slow or very fast rates of vehicle operating speeds generally result
in higher rates of fuel consumption per vehicle mile. One of thetables uses service char-
acteristics to define the operating speeds for each service type. The service level (miles
and days of service) affectstires, fuel, and vehicle maintenance cost. The serviceloca-
tion indicates climate and indicates differences in operating costs due to weather con-
ditions such aswarm and cold climates. It is assumed that hot and/or cold climate con-
ditions could have an adverse effect on the time and costs associated with maintenance
labor and parts. One of the tables is designed to use the states to define differencesin
maintenance costs due to climate and weather.

Cost Variables

Capital Cost. A menu of default capital costsis provided for each candidate vehicle
classification that includes a supply of spare parts, warranty coverage, training, and
other deliverables contained in normal bid specifications. Users havethe option to over-
ride any or all capital costs. Vehicle Life Expectancy is considered a variable in the
model because different transit vehicles have different useful lives. The estimated life
expectancy of each vehicle classification is part of the vehicle classification table
(Table1).

Operating and Maintenance Costs

Mechanical Labor and Parts are model variables because different transit vehicle
types exhibit a history of dissimilar costs. Regardless of the type of vehicle, mainte-
nance costs seem to follow a similar pattern of escalation over the life of the vehicle.
During the life of transit vehicles, maintenance costs tend to pass through four phases
of exposure to wear and failure. Since small transit vehicles have a shorter useful life
expectancy and heavy-duty transit vehicleshave alonger life, these phases occur at dif-
ferent times during the life cycle. Tablesin the model reflect the number of mechanic
labor hours and part costs per vehicle mile necessary to provide mechanical mainte-
nance services for each vehicle classification.

TireCost isconsidered avariable because tire wear experience can differ for each
vehicle type and average annual service mileage varies among agencies. Asis often
experienced, the characteristics of different types of vehicles require different types
of tires. Some larger vehicles can use a conventional bias-ply transit lease tire,
whereas, smaller vehicles may require the use of radial tires. In the frequent expo-
sure to the curbs, radial tires on smaller vehicles are subject to irreparable damage to
the sidewalls resulting in extra charges for damaged casings by the tire supplier.
Model tables provided tire cost per vehicle mile for each vehicle classification. Tire
costs were constructed by contacting national tire manufacturers and collecting tire
cost and wear rates.

Fuel Consumption Rateisavariable because different vehicles consumefuel at dif-
ferent rates based on factors such as vehicle size and engine/transmission design, oper-
ating speeds, passenger loads, fuel types, and operating environment. The model
includes atable for each vehicle classification that indicate base consumption rates per
vehiclemile. Alternative fuelsare not considered in the model which uses standard fuel
types for different vehicle classes.
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Labor Variables are factors that define labor cost characteristics of transit systems
which may vary by location or may vary within an organization. Employees are often
paid at rates that vary by the work performed. Mechanic and servicing labor rates that
are compatible with agency or local wage rates will be specified by users for use in
determining mechanical maintenance wage costsfor each vehicle type. In the software
screens, adefault average vehicle mechanic rateis provided based on national estimates
and isincluded in a default table. Users have the option to override the labor rate to
reflect agency or local experience. Fringe benefit rates that are compatible with agency
or local fringe benefit rates for mechanics will be specified by users for use with labor
ratesin determining vehicle mechanical maintenance and servicing labor costsfor each
vehicle type. In the software screens, default average fringe benefit rates will be pro-
vided based on national estimates of mechanics. Users have the option to override the
rates to reflect agency or local experience.

Fuel Unit Cost Rates can have significant consequences on present and future oper-
ating costs and thus on the investment decision of transit vehicles. Future energy short-
ages could increase the future cost of fuel significantly higher than the rate now being
experienced and thus must be considered in any analyses of future cost. In the software
screens, default average fuel costs are provided based on national estimates of differ-
ent fuel types.” Users have the option to override the rates to reflect agency or local
experience. These unit cost rates are used with fuel consumption rates to develop a
yearly fuel cost table for each candidate vehicle classification.

TimeValueof Money or I nterest Rate recognizesthat adollar today isworth more
than the prospect of adollar next year or at some other later time. Using an interest rate
also recognizesthat estimatesfar into the future will beless precise than those for today
and the near future. In thismodel, the value of future monetary expenditure (in current
dollars) would be discounted using the present worth method of analysis. The assumed
interest rate in the present worth calculationsis treated as a variable.

Impact of Funding Sour ce on Decisionmaking. The percentage of the capital cost
that is contributed by the local entity isincluded as amodel variable since the level of
local involvement in capital acquisitions can affect the economic decision-making
process. Economists have often pointed out that the higher federal match for transit cap-
ital may well cause local recipientsto “over-capitalize,” choosing projects with higher
capital costs and lower operating costs than they would if funding were provided with-
out restrictions on its use. While this critique is usually raised in discussions of capi-
tal-intensive rail projects, it may aso have some bearing on a system’s vehicle size
decision aswell. Thewidevariancein vehicle life span can interact with thetime value
of money, and the funding source to shift decisionmaking on vehiclesin favor of one
type or another. As mentioned above, if few local dollars areinvolved, it may seem to
make sense to alocal system to purchase the vehicles with the longest projected life
even if they are the most expensive to purchase and they provide excess capacity—as
long as the higher operating costs do not offset the capital cost savings. On the other
hand, asystem with morelocal dollarsinvolved may be more sensitiveto thetimevalue
of money, and, therefore, may choose cheaper vehicles with a shorter life span.

”The model does not include a default fuel type, but rather gives users the opportunity to choose a fuel where
alternative fuel options exist. As the model is currently structured, the user can compare the same vehicle using
different fuel types only by running the model multiple times, one for each type of fuel being considered.
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Abbreviations used without definitions in TRB publications:

AASHO American Association of State Highway Officials

AASHTO  American Association of State Highway and Transportation Officials
ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

FAA Federal Aviation Administration

FHWA Federal Highway Administration

FRA Federal Railroad Administration

FTA Federal Transit Administration

IEEE Institute of Electrical and Electronics Engineers

ITE Institute of Transportation Engineers

NCHRP National Cooperative Highway Research Program

NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration

SAE Society of Automotive Engineers

TCRP Transit Cooperative Research Program

TRB Transportation Research Board

U.S.DOT  United States Department of Transportation

FHE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

National Academy of Sciences
National Academy of Engineering
Institute of Medicine

National Research Council
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