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EXECUTIVE SUMMARY

A 1992 study conducted for the Federal Transit Administration (FTA) showed that the
annual cost of replacing the nation’s transit fleet to maintain current performance levels
easily exceeds $1 billion. At amodest annual increase of 3%, this cost will exceed $1.34
billion/year. Historically, up to 80% of this capital cost has been borne by the federal
government, with the remainder being provided by state and local governments. Current
federal policies are designed to ensure that buses purchased with federal funds are kept in
productive operation for a Minimum Normal Service Life (MNSL), which varies with the
size of the bus. Because of the lack of necessary capital dollars, state DOTs are generally
not able to grant all requests for matching funds. Thus, many transit agencies are faced
with the task of providing service without adequate fleet size of appropriate quality.

While state DOTs may not have enough capital funds to procure new buses for its
constituent agencies, it may be possible to allocate capital funds partly for the purchase
of new buses, and partly for rehabilitation of existing buses, and thus meet the requests
for al the buses. Unfortunately, necessary procedures for resource allocation and asset
management are not currently available in the transit literature.

In this report, the authors present an asset management strategy that is designed to enable
state DOTs to (1) allocate resources for the dual purpose of purchasing new buses and
rebuilding of existing buses, and (2) distribute these funds among the constituent transit
agenciesin an equitable manner.

The proposed approach includes two models that use the principles of optimization to
accomplish the above objectives. Model 1 attempts to maximize the weighted fleet life
of the group of buses that are being purchased and rebuilt. Model 2 attempts to maximize
the Remaining Life (RL) of the entire fleet in a peer group comprising existing buses, as
well as those being replaced and rebuilt. The output from Model 1 serves as input to
Model 2.

The proposed models were tested with actual planning and budgetary data provided by
the Michigan Department of Transportation. Three case studies are presented in the
report that includes two cases with medium sized medium duty buses, and one with large
sized buses. For medium sized medium duty buses, there are atotal of 93 agencies with a
total fleet size of 720 buses to consider. For the large sized buses, there are 21 agencies
with a total fleet size of 1356 buses to consider. For all three case studies, three
rehabilitation programs are identified as alternatives to replacement (REPL) to meet the
demand. These include remanufacturing (REMANF) and two levels of rehabilitation
(REHAB 1 and REHAB 2) of an €ligible bus to be replaced. Thus, a total of four
program options were considered for each case study.

In Case 1, for medium sized medium duty buses, the cost alternatives associated with
each of the programs are $81,540 for REPL, $17,800 for REHAB1, $24,500 for
REHAB2, and $30,320 for REMANF. These values were used for the base year (2002)
and thereafter increased by 8% every two years. Model 1 was used for a period of 7
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years, until the year 2009, to reflect the MNSL of a medium sized medium duty bus. For
each year a specific demand was met for eligible buses that needed to be replaced, within
a specified budget. The results of Model 1 indicate that a total number of 1153 buses
over the period of 7 years can be “replaced” via the four programs comprising of 486
REPL, 185 REHAB 1, 63 REHAB 2 and 419 REMANF. The tota cost will be
$65,054,653 exceeding the total budget of $52,889,000, resulting in a net deficit of
$12,165,653 (constant dollars). The Present Worth of this deficit (year 2002) is
computed as $9,257,095, at an annua interest of 5%. While a deficit did occur, the
amount would be significantly larger had all eligible buses been replaced with new buses.

Model 2 results provide the optimal distribution of buses (funds) for the four program
options among the 93 constituent agencies. For example, an agency may have a need for
12 buses to be replaced. However, instead of purchasing all new buses (REPL) for this
agency, Model 2 may indicate that 2 should be REPL and 10 should be REHAB 1.
Model 2 considers other agency’s needs as well, and allocates funds for specific
programs based on where the greatest impact in additional life will occur for the entire
fleet.

For Case 2, medium sized medium duty buses were used. However, the cost alternatives
for each of the three programs were decreased. REPL remained at $81,540, while
REHAB 1, REHAB 2, and REMANF became $8,000, $12,000, and $20,000,
respectively. Using the same budgetary constraints as in Case 1, a total of 1031 buses
can be “replaced” viathe four programs comprising of 558 REPL, 63 REHAB 2, and 410
REMANF over the 7-year period. Thetotal cost amounts to $61,669,657 for a net deficit
of $8,780,657 (constant dollars). Model 2 results are different from those in Case 1.

For Case 3, large sized buses, a total fleet size of 1356 buses among 21 agencies was
used. The cost associated with each of the four programs are, REPL : $313,200, REHAB
1: $55,000, REHAB 2: $80,000, and REMANF: $100,000. These values were also
increased every two years. A period of 12 years was used to analyze the data
corresponding to the minimum normal service life of alarge sized bus. The results from
Model 1 indicate that atotal of 1196 buses comprising of 741 REPL, 117 REHAB 1, and
338 REMANF, can be “replaced” over the 12-year period. With atotal budget constraint
of $464,660,00, the total cost of $487,421,275 results in a net deficit of $22,761,275
(constant dollars) for the period. As in the other cases, Model 2 optimally allocates the
buses (funds) among the 23 agencies so that each agency will be able to satisfy its
replacement needs.

The case studies reiterate the fact that the budget constraints control how many buses can
be replaced during any given year. With unlimited funding, all the replacement needs for
each agency can be met with new buses (REPL). Within the budgetary constraints used
in the case studies, the needs of all buses that have fulfilled their MNSL, are addressed by
one of the four program options. Thisresultsin significant improvement in the quality of
the fleet, compared to the current practice of replacing only a fraction of the fleet that
needs replacement. Clearly, relaxation of the budgetary constraints (that will result in an
increase in the deficit) will further improve the quality.
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In al the three cases studied, the deficits incurred are compensated by the gain in the
quality of the fleet, since the need for every bus that has satisfied its MNSL requirement
is addressed, either through replacement or rehabilitation/remanufacturing. The case
studies aso identify major shortfalls in funding and help to underscore the need for
increased funding levels to improve the quality of fleet.

Results indicate that the two models are viable and require fleet life data that is typically
available from state DOTs. The application of Model 1 shows that it is possible to satisfy
the fleet requirements of a group of agencies through the optimal combination of new and
rebuilt buses within the constraints of a given budget. Model 2 shows that funds for the
new and rebuilt buses can be allocated among the constituent agencies in an equitable
manner. The user may specify constraints to ensure that every agency receives a
minimum number of new/rebuilt buses.



1. INTRODUCTION

The addition of new buses to the existing fleet of any transit agency is a capital-intensive
project. Historically, up to 80 % of this capital cost in the US has been borne by the
federa government, with the remainder shared by the state and local governments. A
1992 study conducted for the Federal Transit Administration (FTA) showed that the
annual cost of bus replacement needed to maintain current performance levels easily
exceeds $1 hillion (1). At a modest 3% annua increase, this cost will exceed $1.43
billion today. Current federal policies are designed to ensure that buses purchased with
federal funds are properly maintained and remain in productive operation for a Minimum
Normal ServiceLife, (MNSL). The MNSL as prescribed by the FTA varies from alow of
240,000 kilometers (150,000 miles) or 5 years of service for medium light duty buses to
800,000 kilometers (500,000 miles) or 12 years of service for large, heavy-duty buses.
For medium sized medium duty buses, the corresponding figures are 320,000 kilometers
(200,000 miles) or 7 years of service.

Thus, vehicles proposed to be replaced by the transit agencies must have achieved their
MNSL to qualify for federal funds. If avehicleis replaced earlier, the agency must return
to FTA an amount equal to Book Vaue of the bus. Alternatively, an amount equal to the
Book Vaue must be duly accounted for in the federal contribution of the newly
purchased vehicle. Federal funds may also be used by transit agencies for rebuilding
existing buses as well as for service expansion.

1.1 Background Information

Most states provide matching funds to local transit agencies for the purchase of new
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buses through their respective Departments of Transportation (DOT); and are concerned
with the escalating costs of new buses and lack of sufficient funds to keep up with
replacement needs. A recent study conducted at Wayne State University (WSU) for the
Michigan Department of Transportation (MDOT) investigated alternatives to replacement
of existing buses (2, 3). Two generic groups of rebuilding alternatives were identified:
Rehabilitation and Remanufacturing, defined as follows:

Replacement (REPL): Process of retiring an existing vehicle and procuring a
completely new vehicle. Buses proposed to be replaced using federal dollars are
expected to be at the end of their MNSL as described above.

Rehabilitation (REHAB): Process by which an existing bus is rebuilt to the
origina manufacturer’s specification. The focus of rehabilitation is on the vehicle
interior and mechanical systems, including such items as rebuilding engines,
transmission, brakes etc.

Remanufacturing (REMANF): Process by which the structural integrity of the bus
is restored to original design standards. This includes remanufacturing the bus
chassis as well as the drive train, suspension system, steering components, engine,




transmission, and differential with new and/or manufactured components; and a
new bus body.

The procedure developed in the aforementioned WSU study is based upon the basic
principles of economics and attempts to quantify the benefits & costs associated with
postponing the Replacement (REPL) of an existing bus, either by Rehabilitating or
Remanufacturing, jointly referred to as Rebuilding. The procedure incorporates tangible
and intangible benefits/disbenefits, increased maintenance and repair costs for an older
bus, and the risks associated with the extended use of an existing bus beyond its normal
service life. The results indicate that up to certain limits, it is cost-effective to rebuild an
existing bus, thereby extending its service life by another two or four years.

1.2 Purpose of the Study:

Most state DOTs receive requests for capital funds from local transit agencies for
replacing existing buses that exceed the funds available. Because of the lack of necessary
capital dollars, the DOTs cannot grant all such requests under the current allocation
procedures, even though the states' responsibilities are to provide matching support of at
least 20 % of the new bus cost. Thus, many transit agencies are faced with the task of
providing service without adequate fleet size of appropriate quality.

The WSU study has shown that with a fraction of the procurement cost for a new bus, it
may be possible to extend the life of an existing bus, thereby addressing the problem of
inadequate fleet size. Further, since rehabilitation costs are considered allowable
expenses by the FTA, the fraction of the cost to be borne by the state will be small. Thus,
it may be possible for the state DOT to allocate funds partly for the purchase of new
buses, and partly for rehabilitation of existing buses, and still meet the requirements for
all the buses.

This study devises how the state DOT should make such allocations. Clearly, thisis an
asset management problem that should be properly interfaced with the states' long-term
strategic plans for multi-modal transportation. A procedure is not currently available that
can be used to alocate a fixed number of dollars to meet the needs for given fleet size by
a combination of new buses and rebuilt buses. Research reported in this study addresses
the question of optimal alocation of resources for such purposes at the state level. Thus
the purpose of this study is to develop a procedure that can be used by the state DOTs to
optimally allocate limited capital dollars for the dual purpose of purchasing new buses
and for rebuilding existing buses to be used by local transit agencies. Additionally, a
procedure is needed to allocate funds for specific programs (e.g. Replacement vs.
Rebuilding), among the constituent transit agenciesin the most equitable manner.



1.3 Objectives

The following are the objectives of this study:

0]

(i)

(iii)

(iv)

To identify various constraints faced by state DOTsin allocating resources for
the purchase of new buses and rebuilding of existing buses

To develop aternative procedures for allocating a fixed amount of resources
for the dual purpose of purchasing new transit buses and for rebuilding of
existing buses, and for allocating the resources among the constituent transit
agencies.

To validate the alternative procedures identified with case studies using actual
data on fleet, needs, and cost from one of the participating statesin Region 5.

To identify the most appropriate procedure of resource allocation considering
factors such as. data requirementdavailability, ease of application/
interpretation, and software needs/availability.



2. LITERATURE REVIEW

Relevant literature encompasses three broad areas: Bus Replacement/Rehabilitation
issues, Asset Management issues, and Optimization Tools, as discussed below.

2.1 Bus Replacement/Rehabilitation Issues

A literature review conducted on bus REPL, REHAB and REMANF practices and
policies showed that the topic had drawn significant attention in the 1980's, and received
renewed research interest in the late 1990's. A 1980 study conducted for the Urban Mass
Transportation Administration (UMTA) by Balzer et a. examined the needs and
experience of the transit industry regarding the rehabilitation or rebuilding of older buses
as a means of capital improvement. (4) Sixteen firms providing bus rehabilitation
services for transit operators were reviewed. The study recommended the use of life
cycle cost anaysis to evaluate alternatives for capital improvements. This study
supported bus REHAB as a supplement, rather than as a substitute, to the purchase of
new buses for fleet replacement and expansion.

A 1985 study by Felicetti showed that many transit agencies use bus REHAB as a means
of augmenting aging fleets (5). The study describes various levels of REHAB, and
associated costs.  The most intensive level is remanufacturing the engine and
transmission, installing new bulkheads and rebuilding structural components. The
service life of alarge bus for this REMANF level may be extended by ten years at a cost
of $85,000. The second level is rebuilding components and systems to origina
specification for added life of seven years at a cost of $70,000. The third level includes
repairs as required, with life extended up to five years at a cost of $30,000. The report
concluded that REHAB, if properly done, can be a good investment.

Bridgeman et al. in their study on the economic differences between new and
rehabilitated buses noted significant variance in bus service life, operationa and
maintenance cost, and cost of REHAB (6). The authors suggested use of a Monte Carlo
simulation to incorporate the variance in life cycle cost analysis. This approach was not
followed through however. The authors contended that field tests that produce
statistically significant, economic differentiation of new and rehabilitated buses is
extremely difficult due to uncertainties associated with bus service life and operational
and maintenance cost. They suggested that significant information could be obtained by
a detailed, long-term field study involving about 25 systems, each using up to 30 buses
each of new and rehabilitated configuration over a period of three years. The authors
concluded that a short-term field study could provide insights into the cost-effectiveness
of rehabilitated buses, even though statistical significance may not be obtained.

In another study, Bridgeman, et a., examined economic implications of new buses and
rehabilitated buses, mainly focusing on different cost elements (7). The report suggested
that transit operators, when evaluating economic comparison, should aso focus on other
factors such as safety, passenger amenities, etc., which may have an impact on ridership.



Mcleod, et al., utilized economic analysis techniques to evaluate the effectiveness of bus
REHAB from national and local viewpoints (8). The economic factors identified by the
authors to determine appropriate levels of investment between acquisition of new buses
and rehabilitated buses were: initial cost, service life, salvage, operational and
maintenance cost and a discount rate. The report describes the importance of each factor,
and suggests appropriate values. A set of formulae for estimating maximum REHAB
cost and computing cost-share of FTA and local transit operators were presented. The
researchers developed a computer program to calculate maximum acceptable REHAB
costs. The report also discusses various REHAB levels, extended life of vehicles after
REHAB, and economic feasibility of these REHAB levels and suggests that local
operators need more funds than are currently available. The study concluded that bus
REHAB, if properly conducted, can be a cost effective alternative to new bus acquisition.

ATE conducted a study in 1985 for the Westchester County transit system in New Y ork
to evaluate rehabilitation/replacement techniques for its bus fleet (9). A comprehensive
analysis of all costs incurred over the vehicle's life was conducted. The operating and
maintenance cost data were collected from “Operating Statistic Report” and “Expense
Recovery Ratio Reports’ published by APTA. The average operating and maintenance
cost figures derived from 1979 data were $1.26 and $0.40 per revenue mile respectively.
The study concluded that rehabilitation strategies such as those proposed for Westchester
County, if properly conducted, can be effective in maintaining an operating fleet.
However few agencies had experience in deriving estimates for cost and benefits
associated with REHAB. For this reason, the study concluded, that REHAB is often
perceived as arisky endeavor.

In another report, Bridgman et al. contends that in the mid 1980's bus REHAB had
grown in popularity due to the availability of State and Federal funds (10). Thisreport is
a result of field study of bus REHAB programs in the United States at that time and
serves as a set of guidelines rather than policies or regulations for managing bus REHAB
programs. As part of the study, the authors reviewed literature pertaining to bus
rehabilitation, examined life cycle cost models and held meetings with a Bus
Rehabilitation Working Group (BRWG).

According to the authors, bus REHAB is a viable alternative for fleet expansion and
offers awide range of possibilities as shown below.

Level Life Extension Cost
| — Remanufacturing 8 — 10 years $50,000 - $80,000
Il — Rebuild 5—8years $40,000 - $70,000
111 — Refurbish 3—5years $30,000 - $60,000

The above figures represent costs for Large Bus (10 years and 350,000 miles of service),
and gives an idea of the REHAB and REMANF cost. The authors contend that the level
of expenditure justified for a given vehicle must be decided on the merit of the individual
case. Further, it is impossible to provide universal guidelines on this issue. Some




operators choose REHAB of the worst busin its fleet to extend the fleet size, while others
select the best bus in its fleet for upgrading purposes and discard buses that require
extensive REHAB. The study suggested that life cycle cost analysis be used as the
decision making tool to resolve the question of REHAB versus bus REPL.

A 1984 GAO Report “Bus Rehabilitation Issue Needs Attention” found that most of the
funds for the purchase of new buses or REHAB of old buses were provided by the US
Department of Transportation Urban Mass Transportation Administration (UMTA) (11).
The report team was aware of the growing interest of UMTA to study the costs and
benefits of rehabilitating old buses and suggested the need for a comprehensive policy at
the national level for bus REHAB program. The report recommended that UMTA’s
REHAB funding formula should be made identical to the formulafor the bus REPL, so as
not to affect transit authority’ s decision to buy new buses or rehabilitate old buses.

The literature review clearly showed that remanufacturing/rehabilitating of buses, if done
properly, can be a cost-effective option. However, none of these studies considered
factors such as: intangible benefits and disbenefits, increased maintenance cost of older
buses and risk and uncertainties associated with the prolonged use of a bus beyond the
normal life. The aforementioned WSU study by Khasnabis, et a.. addressed some of
these issues, recommended a procedure to incorporate risksuncertainties in such
decision-making, and essentially reconfirmed the studies conducted in the 1980's (3). No
major study on the topic of allocation of capital funds for the dual purpose of REPL and
REHAB/REMANF of the existing busesis reported in the literature.

2.2 Asset Management Issues

Asset management concepts have been used in the transportation field to varying degrees
(12, 13, 14). While transportation agencies manage assets, the use of optimizing
techniques for transit asset management is not very common. Thereis clear indication in
the literature that proper use of asset management techniques can greatly enhance
transportation benefits. A trend toward using private industry principles has pushed
public systems into justifying the use of resources. Management systems have been
applied to pavement, rebuilding infrastructures, human resources, bridges, traffic, and
safety (15). In the transportation field, asset management can be considered the
collective grouping of all assets, including the aforementioned items. Research efforts
are currently underway to bring about the collective grouping of the component areas, as
a means of asset management. The concept of resource alocation for new buses and
rebuilding buses has, however, not been typicaly applied to an asset management
program. While the management of any specific area will change the details, asset
management systems have a basic framework that can be applied to any area.

The paper Asset Management and Pavement Management (16) compares the relatively
new field of asset management in transportation to the existing techniques used in
pavement management. The basis for asset management in transportation can be directly
related to the mission statements of transportation agencies. Most transportation agencies
have a mission statement that includes the safe, reliable, and efficient use of



transportation. These goals can eventually be linked to the asset management system and
measurement techniques as means to compile asset figures.

While no widely accepted definition for asset management has been adopted the paper
presents the following:

“Asset management is a comprehensive business strategy employing people,
information, and technology to allocate available funds effectively and efficiently
among valid and competing asset needs.”

“Asset management is a systematic process of maintaining, upgrading, and operating
physical assets cost-effectively. In the broadest sense, the assets of a transportation
agency include physical infrastructure such as pavements, bridges, and airports, as
well as human resources (personnel and knowledge), equipment and materials, and
other items of value such as financial capacities, right-of-way, data, computer
systems, methods, technologies, and partners.”

“Total Asset Management is a comprehensive and structured planning process for
developing capital and recurrent programs and budgets. It aims to focus on customer
and community needs, provide quality services and a commitment to excellence to
ensure that assets remain productive.”

Asset Management and Pavement Management further details the commonalities
between the two types of programs while also providing issues to be resolved for the
further development of asset management programs.

In Asset Management Model and Systems Integration Approach (17), the authors state
that the “primary goal is to achieve optimal and cost-effective investment and use of
transportation asset throughout their service life cycle” Like the paper Asset
Management and Pavement Management, this paper also states that a tota
comprehensive asset management system has not yet been successfully accomplished.
State DOTSs use individual management systems like pavement and bridge management
systems effectively. These individual components of the total asset management system
used strategies to prioritize repair, replacement, etc. based on engineering and economic
principles.

Asset Management Model and Systems Integration Approach presents an asset
management model that is used to demonstrate key strategies and principles of asset
management. Among the key strategies are determining asset mix and inventory
information and allocating asset investments. The establishment of a baseline of
information about the asset is critical for the determination of life-cycle costs. Efficient
life cycle management will eventually result in investing the right resources in the right
places and the right time. “Allocating investments between assets is at the heart of the
asset management challenge,” according to the authors. Two types of allocations exist,
one with the same or similar assets, and one with different assets. To correctly allocate
resources the value of the assets must be correctly determined. Asset management
alocations are done with a combination of probabilistic, deterministic, engineering and



holistic criteria (17). However, transportation agencies are sometimes called upon to use
their own judgment in the event of conflicting results by the formal techniques.

In the paper, Systems Planning for Capital Asset Management (18), New Jersey Transit's
Public Transportation Facilities and Equipment Management System (PTMS) is
examined initsrole as a capital programming tool. The PTMSis one of six management
systems that was originally mandated by the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA). The act gave flexibility to states and local governments
on how to best develop a PTMS for their needs. The approach was changed in 1995 to
make the PTM S a voluntary planning system.

While it is not an asset management system, the PTMS provides an inventory of existing
assets with the ability to forecast future deterioration. It aids capital programmers to
make more informed decisions on how to best use the available resources. By linking
performance measures to the database, capital investment needs and strategies can be
evauated. The modeling capabilities should also provide improved ways to compare
projects (assets) and justification for those projects according to the article (18). One of
the future enhancements that the article mentions is the further development of project
priorities. A method for ranking by priority will further help capital programmers make
appropriate investments.

NCHRP Web Document 41 (19) provides a comprehensive synthesis of asset
management practices in the US. Recognizing the increasing need for transportation
agencies to manage assets, NCHRP Web Document 41 is a Phase | Report of atwo-phase
project to produce a Transportation Asset Management Guide (Phase Il being the Guide
itself). This report describes recent efforts by the Federa Highway Administration
(FHWA), the American Association of State Highway and Transportation Officials
(AASHTO), state DOTs and others in promoting and developing asset management
practices in the transportation industry. It describes a framework for developing the
Transportation Asset Management Guide and recommendations for further research in
the asset management field. Like the other documents reviewed it examines the whole
asset management concept as a strategy that moves beyond the management of a single
type of asset into a comprehensive approach. Such a comprehensive approach, this report
contends, may change the way the agency conducts business, reaches decisions, collects
data, and communicates information.

A recent paper by Berrang et al. reports on one of the very few studies that attempt to
apply the asset management concept in transit (20). Although the term “Asset
Management” is not explicitly mentioned, it attempts to explore the impact of various
funding and policy scenarios on capital and operating cost consequences on the
multimodal transit system operated by the Massachusetts Bay Transportation Authority
(MBTA) in the Greater Boston area. This study attempts to determine the current state of
MBTA'’s capital assets, and the measures needed to bring the system to a State of Ideal
Repair (SIR), or “like new” operating condition. Various strategiesto attain the SIR over
a 20-year period were analyzed. The 20-year SIR was found to be sensitive to relatively
small variationsin annual funding levels.
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2.3 Use of Optimization Tools

Mathematical programming can be used by an organization for the allocation of limited
resources. These programs usualy involve either the maximization or minimization of
an objective function, comprising of certain variables, which are termed as decision
variables (21, 22). The variables are then subject to various constraints, expressed in the
form of inequalities or equalities.

Different optimization techniques exist, such as linear programming (LP), integer
programming, non-linear programming and dynamic programming (23). Each can be
used for a specific type of problem dependent on the objective function and constraint
forms. For a LP problem, a linear relationship is assumed in the objective function
between the decision variables. Some types of problems can be formulated in the linear
form except for the stipulation that the decision variables must be integers. This type of
problem is called an integer-programming problem. Fractional answers may not make
sense in some instances, and integer programming will guarantee appropriate solutions.
If the objective function or constraints are not stated as an explicit function of the
decision variables, or do not fit the framework of a linear or integer combination, a non-
linear approach may be necessary (22). The term dynamic programming is a mathematic
technique designed to solve complex decision making problems, where the method of
solution isto categorize the problem into smaller sub-problems (22).

Our review of the transit literature shows that the use of optimization techniques in transit
fleet management has been very limited, even though optimization techniques have been
used successfully in computer aided scheduling and dispatching support tools for transit
operation. The framework presented in this paper uses an optimization approach for fleet
management purposes.

11



3. CURRENT STATE OF PRACTICE

As part of this project, telephone interviews were held with a number of state DOTs in
the Great Lakes Region to determine how different states alocate capital resources
among its congtituent transit agencies. Brief summaries of these interviews are presented
below.

3.1 Michigan Department of Transportation (MDOT)
MDOT currently does not have aformal allocation process for the purchase of new buses

in place. Federa funding for capital projects, such as the purchase of new buses, is
provided through the 5307, 5309, or 5311 programs. If an agency receives 5307 or 5311

funds they must have met the Minimum Normal Service Life requirements for that type
of vehicle. The 20% match is provided by the state, as long as the agency receives the
Federal funding. The 5309 discretionary funds are used most frequently for the
replacement of buses by agencies. These funds are set aside for the agencies and are
alocated directly to them. There are sometimes stipulations on how these funds can be
spent. The state also receives earmarked money, which does require the state to develop
some criteria to distribute the funds among various agencies. They first eliminate any
agency that received its own discretionary funds as a recipient of their funds. They then
use a criteria termed “unfunded percent of fleet” to allocate the funds among the
agencies. The unfunded percent is calculated as the number of eligible buses of a fleet
available for replacement divided by the total fleet size. A conscious effort is made by
MDOT to ensure that the “unfunded percent” is below 20%.

Each February, all the agencies must submit an annual application to MDOT for the next
year's funding. MDOT then compiles the applications and sends them to the federal
government. Asindicated earlier, MDOT generally provides the 20% non-federal match.

3.2 Indiana State Department of Transportation (INDOT)

Indiana supports approximately 48 transit agencies that are divided into four peer groups:
Large Fixed Route, Small Fixed Route, Urban Demand Response, and Rural Demand
Response. The peer groups are determined by three variables: total vehicle miles,
urbanized or non-urbanized service area, and proportion of fixed route service compared
to demand response service.

INDOT, like most states, does not have a formula for capital funding alocations.
However they do use a performance-based formula to determine operating alocations.
Based on operating expenses, total vehicle miles, passenger trips, and locally derived
income, this formula attempts to “create a rational and equitable mechanism for the
distribution of State operation assistance to urban and rura transit providers throughout
the State of Indiana’ (Public Mass Transportation Funding Allocation Sudy).

12

Comment: Providereferencetot
Federal Code sections and use § sy




While the direct application of the operating assistance formula may not apply to capital
assistance, the methodol ogies and processes presented in the Public Mass Transportation
Allocation Study may be applied on some level to a capital program. These include:

Peer groups that reflect system size and type of service

Funding to each peer group based on group percentage of total operating expenses
Funding within each peer group based upon performance

Elimination of a base allocation

Flexibility in distribution to groups

Balancing the performance measures in the formula

Use three year rolling averages for data

Administrative cap for funding

3.3 Wisconsin Department of Transportation (WisDOT)

WisDOT provides state funding to support the operation of its transit systems but does
not provide state funding for capital transit projects. They use the federal funds from
Section 5307, 5309, and 5311 to provide 80% of the support and the remaining 20% must
come from the local agency itself. On an annual basis the agencies will request items for
capital funding. WisDOT will verify the requests through varied means to make sure all
the items requested are valid. Wherever possible, the state administers the federal
programs as a single program, usually for the Section 5309 and 5311 programs, on behalf
of the agencies. The larger agencies will apply for their Section 5307 funds directly from
the federal government.

Wisconsin does have a mechanism in place for instances where the need for capital
requests exceeds the amount of federal funding. The Wisconsin State Code of
Regulations, Chapter TRANS 6, describes how Rural and Small Urban Area
Transportation Assistance Programs are administered. Under Trans 6.06 rank order of
priority will be given to the funds by:

1. Projectsto replace vehicles operated by existing systems

2. Projectsto initiate a public transportation service

3. Projects to replace maintenance and storage facilities operated by existing
systems

4. Projectsto expand the number of vehicles operated by existing systems

5. Projects to expand and rehabilitate maintenance and storage facilities of
existing systems

6. Projects to purchase and install passenger amenities for existing systems such
as shelters and bus stop signs

If there are not enough available funds, the code states that “..the department (WisDOT)

shall, after consultation with the applicants, reduce the scope or timing of proposed
projects within that category to fit available funding.”
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Chapter Trans 8 describes the Allocation of Federal Public Transit Assistance Program
Funds to Urbanized Areas Under 200,000 Population and likewise gives asimilar priority
ranking which shall consider age, condition, transit service needs and urgency.

3.4 Ohio Department of Transportation (ODOT)

The Office of Transit provides financial assistance to approximately 62 public transit
agencies in the State of Ohio. Of these there are 38 Rural Transit Grantees who receive
capital funds each year. The grantees are required to file a Four Year Capital and
Operating Plan in December of each year for the next program year. For example, the
2004 plan would be due in December of 2002.

In the capital plan, the agency must list each vehicle that it is requesting to purchase and
must indicate whether or not it is an expansion or replacement vehicle. If thevehicleisa
replacement, they must also indicate what vehicle it is replacing along with its inventory
number, type of vehicle, age, and mileage. This information is crucial because vehicles
will only be replaced if they meet the minimum age and mileage criteria. Exceptions are
alowed if proper justification is provided (e.g. very high maintenance costs). ODOT has
been able to provide the requests for 20% funding, however in the past few years,
congtraints have pushed ODOT to decrease their matching capabilities. ODOT also
reserves the right to deny a request if it is not included in a previous Four Y ear Capital
Plan without proper justification.

ODOT also has a Capital Project Evaluation and Selection Process that is utilized for
Congressiona statewide earmarks and the Ohio Public Transportation Grant Program. It
begins with a preliminary screening process of projects to verify they are consistent with
local and statewide transportation plans. Then the projects are evaluated, scored, and
ranked for funding consideration.

3.5 Summary

The interviews conducted with different state DOTSs indicated that the procedure used by
the state DOTs actually vary from state to state. However, all states that were
interviewed make conscious efforts to meet the states fleet needs in different ways. It is
also clear that funding levels should be increased to meet the escalating replacement costs
to maintain the quality of service.

14



4. RESEARCH METHODOLOGY

The methodology proposed is a two-stage process, and builds on a procedure (termed as
the Stage 1 Process) developed in the aforementioned WSU Study. Stage 1 identifies the
maximum investment (Crnax) that one can justify in rebuilding an existing bus when all
costs and benefits are considered (2, 3). (Note: The term Rebuilding is used here as a
generic term to denote either Rehabilitation and/or Remanufacturing as defined earlier.)

Stage 1 is an economic analysis process that explores the economic consequences
of postponing the replacement of an existing bus that has fulfilled its MNSL
requirements. Stage 1 provides an estimate of Crax, the maximum amount that can
be economically justified in the rebuilding of the existing bus, when all benefits
and costs are considered.

Although the Stage 1 process is already reported in the literature, a brief summary of the
procedure is presented below to provide continuity.

The Stage 2 Processis a set of optimization algorithms that can be used by state DOTs to:

Allocate capital dollars for the dual purpose of purchasing new buses and
rebuilding existing buses when the needs of all the constituent transit agencies are
considered (Model 1), and

Distribute the dollars among the constituent agencies that will enable each
agency to manage their resourcesin an optimal manner (Model 2)

The functional characteristics of the two-stage process and their relationships are
schematically shown in Figure 1.

4.1 Stage 1 Process. Computation of Cyax for Rebuilding

The Benefit Cost (B/C) method used in highway engineering and other Public Works
studies expresses the comparative worth of projects by the ratio of annua benefits and
annual costs. The Benefit Cost ratio for Rebuilding (REBLD) compared to Replacement
(REPL) projects can be expressed as.

(BC)resLD vs REFL = Annual Benefits of REBLD Compared to REPL
Annual Cost of REBLD Combared to REPL

An interest rate i must be assumed in these computations to reflect the cost of borrowing

capital. If the B/C Ratio exceeds unity, the project is considered justified. The annual

benefit of REBLD is the savings in the annualized cost of purchasing a new bus as

required under REPL. Thus assuming:

C,= Cost of new bus (REPL) ($)

ni=  ServiceLife of the new bus (years)

S,= Savage Value of the bus at the end of its service life (%)

Co= Cost of Rebuilding (REBLD) the old bus ($)

n;= Service Life of the REBLD bus (years)
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Salvage Value of REBLD bhus at the end of its servicelife ($)
Additional Annual Benefitsy Disbenefits of REBLD Compared to REPL ($)

Annual Benefits of REHAB Compared to REPL

=[G (AIP),, - (SYAIF) ,]-[C, 7 (AIP), - (SAIF) L]+ K e s s )

Where (A/P), (A/F) are the Capital Recovery and Sinking Fund Factors respectively at
the assumed interest rate i for n; or n, years. The factor K simply incorporates all other
intangible benefits (or disbenefits) associated with REHAB compared to REPL.

Annual Cost of REHAB compared to REPL

= (Differential in Operating Cost Per Mile) * # of Annual miles* F......... 3,
Where:
F = Factor to reflect additional Maintenance & Repair Costs for a REHAB Bus. Thus,
combining equations (2) and (3),

Annual Benefits of REHAB Compared to REPL

_ e, &m,-s @Aam,]-[c, (AP, -S (AR, ]+K

B/C = 18 BB, -5, AHLIE, AR, -5, AH,r8 -
(B/C)covorsren (Differential in Operating Cost per mile )* #of Annual miles* F )

In equation 4, specific values of Cy (cost of REHAB/REMANF) must be assumed to
derive estimates of (B/C) ratios. Recognizing the practical difficulties in deriving a prior
estimate of Cp, an dternative approach is to estimate the maximum value of the
investment Cax that can be justified before the benefits are outweighed by costs. This
can be done by setting the (B/C) ratio to one and estimating the value of Cy as Cmax- Thus,
we can write:

[Cn(A/P)nl - Sn(A/F)nl] - [Cmax(A/P)nZ - &(A/F)nz] +K -1.00... (5)
[I ncreased operating cost/ mile with older bus] x #of Annua Milesx F

(B / C)ratio =

Where

Cimax = Maximum Allowable Investment in REHAB / REMANF

Cmax Can be estimated from the above equation.

(Note:  Cmax is the maximum investment justified, and is generally much higher than
typical average investment in Michigan.)

4.2 Stage 2 Process: Optimization

Within Stage-2 a two-step sequential optimization process is presented comprising of two
separate models: Model 1 and Model 2. These two models are presented below.
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4.2(a) Model 1 Optimization Among The Four Programs

The problem is formulated as an optimization problem where the object is to maximize
the weighted fleet life within the constraints of a fixed budget. The term 'fleet' is used
here as the sum total of those buses that have fulfilled their MNSL requirements, and thus
are eligible to be replaced. Any bus that needs to be replaced, but has not satisfied its
MNSL requirements is not to be counted as part of this fleet. In other words, buses with
abnormal or premature failures are not considered eligible.

Let  X;=Decision Variablesfor the Optimizing Function, so that
X1 =Number of New (REPL) Buses
X2 =Number of REHAB1 Buses
X3 = Number of REHAB2 Buses
X4= Number of REMANF Buses

Note: In this model, we assume two levels of rehabilitation: REHAB1, and REHAB2 and
one level of remanufacturing, REMANF.

|1 = Expected life of REPL Buses (years)

I, = Expected life of REHAB1 Buses (years)

I3 = Expected life of REHAB2 Buses (years)

|4 = Expected life of REMANF Buses (years)

L = Weighted Expected life of the entire fleet (years).

C: = Unit cost of REPL Buses ($)

C, = Unit cost of REHAB1 Buses (%)
Cs = Unit cost of REHAB2 Buses (%)
C4= Unit cost of REMANF Buses ($)

B = Available Budget ($)
N = Demand for Buses

The objective function is written to maximize the weighted fleet life, subject to
budgetary, demand, and other constraints. Thus, we can write:

Maximize Z = (X]_ |1)/Z°ix| + (X2 |2)/Z°ix| + (X3 |3)/Z°ix| + (X4 I4)/z°1X| ....................... (6)
Subject To: C1 X1 + CoXz + C3X3 +CyX4 £ B (Budget Constraint).......c.cceeeevvevreeennne, @)
X1+ Xo+X3+Xs=N (Demand Constrai nt) ...................................................... (8)
Xi 3 0 (NON- negative CONSLIAINT) ......coeeereieiieiriese e 9

Using expression 8, the objective function can be rewritten as:
Maximize Z = (X1|1)/N + (Xz |2)/N + (X3|3)/N + (X4 |4)/N ....................................... (10)

= A1 X1+ A Xo +AzX3+ AsXy (Where Ai = ||/N) ........................................... (11)
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Additional constraints may be introduced to represent local/other conditions.
During earlier stages of this research, an aternate optimization approach was
contemplated, where the objective was to minimize the total cost, subject to a set of
different constraints. In that case this model can be formulated as:
Minimize Z = Ci X1 + CoXo + C3X3+ CaXy
Subject To: (Xal1)/SXi + (Xol2)/SXi + (Xala)/SXi + (X4l4)/SXi > L (Min. Fleet Life)
X1+ X2+ X3+ X4 =N (Demand Constraint)
Xi > 0 (Non-negative Constraint)
If Ai =1i/N and SXi = N then the Minimum Life Constraint becomes
ArXy+AoXo + AsXs + AgXy > L
The objective of this analysisisto derive values of X3, X2, X3, and X4,
The minimization approach was not developed in this study because the maximization of
the fleet life, subject to budgetary and other constraints was a better approach to solve
this problem. Information on budgetary constraints is generaly avalable and ,
information on fleet life constraint is typically not available. The application of both of
these techniques has been demonstrated by Khasnabis et al. in arecent paper (24).

4.2(b) Model 2: Optimal Distribution of Funds Among Transit Agencies

The proposed procedure requires the knowledge of the current distribution of “Remaining
Life, (RL)” of the fleet for each constituent agency, and is based upon the premise that as
new buses are added to the fleet, the distribution changes. RL is defined as the number of
years of life a bus has left until it reaches its MNSL. Thus a medium sized bus with a
MNSL of 7 years that has been in operation for 3 years would have an RL of 4 years.
Similarly, the RL for buses that are 7 years and older will be 0 years. A brand new bus
(REPL) would have aRL of 7 years.

The addition of fleet or funds is considered to take place at the beginning of the year
athough in practice it may be different. Funds are also allocated in a simultaneous
manner, that is, REPL and REMANF/REHAB options are all considered viable options
for every agency’ s replacement needs. Consequently, the “Weighted Average Remaining
Life (WARL)" of the entire peer group increases as hew buses and/or
rehabilitated/remanufactured older buses are added to the agency fleets. The WARL for a
peer group is defined as.
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WARL = (& & Nij * RLIj /& & Nij) ceerrreeerrmeeessmeeessnmesssssesssseesssssessssssssssssaneeess (12)
i j i j

For amedium sized bus 0 < WARL < 7 years

For alarge sized bus, 0 < WARL < 12 years

The Existing Weighted Average Remaining Life (EWARL) for an agency is similar to
the WARL but specific to the individual agency. EWARL is defined as:

EWARLI = (& Nij * RLI) /(EL Nij) coovveeeeeeereeeeeessseeeeeeseeseeessssesseessseesssssssseesseesson (13)

] ]
where EWARLI = Existing Weighted Average Remaining Life of agency i
Nij = Number of busesin agency i with Remaining Lifej
& Nij =Total Fleet Size of agency i

i
RLj = The Remaining Lifej of abusinyears(0, 1, 2, 3, 4, 5, 6, 7) (medium sized)
i=1,2,3...... number of agency, i=1,2,3..... number of years of RL

If new Buses and/or Rehabilitated/Remanufactured older buses (BRR) are added to an
agency’s fleet (thus keeping the Total Fleet Size constant) the EWARL will increase for
that agency. A BRR will have a new remaining life associated with it. For example, a
brand new bus will have an RL of 7 years. Buses that are being “replaced” via REHAB
or REMANF will also have an associated RL with it such as 2, 3, or 4 years. The New
Weighted Average Remaining Life (NWARL) of an agency can be computed as.

NWARLI = (& Nij + BRR])* RLIJ) /(S Nij) covveeeeeemreeeeisseeeeeissseeseeeesseeseeeesssesenees (14)

] ]
where NWARLI = New Weighted Average Remaining Life for agency i
BRRij = Number of Buses targeted for REPL or REMANF/REHAB for agency i
with remaining lifej
Note: BRRIij must be an integer, as assignment of a fractional bus could be
illogical.

Other variables are same as above.

Note: As BRRs are added to a fleet, the number of buses with RL of 7, 2, 3, or 4 years
will increase by that amount and the number of buses with RL O years (or of age 7+
years) will decrease by the same amount. Hence the need of the + for the BRRIij variable.

The proposed optimization algorithm is based upon the premise that funds should be
distributed among the agencies that will maximize the Total New Weighted Average
Remaining Life (TNWARL) of the group of transit agencies being considered. In the
case studies presented in the next chapter, al transit agencies in Michigan with buses of a
specific kind (e.g. medium sized, large sized, etc.) were included in the group. It is also
possible to use a subset of these groups (e.g. peer groups) for resource alocation
purposes. The Total New Weighted Average Remaining Life (TNWARL) of al the
agenciesis then:
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L =TI R N T = (15)

So that the objective function can be written as:
MaximizeZ & TNWARL-> & & ((Nij = BRRij)* RLIj) /(& & Nij) oovevvvveen. (16)
i j i j

BRR;; = Decision Variables

Subject To:
& BRRij = Number of REPL (and/or REHAB/REMANF) bUSES............cosssrrrrre. (17)
Nig— @ BRRT Oueoeeeeoooeeeeeeeeeeeeeoessseeeeeeseeesssssseeeesssesssssssseessssessssssneneseees (18)
]
BRR;; = integer

Note: Njp isthe number of buses with “0 years’ Remaining Life for an agency i

Note that the number of buses to be replaced/rehabilitated/remanufactured at the right
side of Equation 17 is obtained as the output of Model 1. Also note that the purpose of
the Equality 18 is to ensure that the allocation does not provide new buses as expansion
buses. Stated otherwise, the buses that have reached their MNSL (O years of remaining
life or 7+ age for medium sized buses) will only be considered for
replacement/rehabilitation/remanufacturing.  The Nijp acts like a “cap” for an agency.
The framework of the proposed models, aong with a preliminary application, was
presented by the authors of this report at the 2003 TRB annual meeting (25).

Additiona constraints may be introduced by the user to reflect other local conditions.
Possible other constraints are:

2] i = o I o | SR (19
BRRI7 > .2(Ni0) cvvuvuevuevreiseesesesssssses e s s ses s s st sttt saesaenen (20)

The purpose of inequalities 19 and 20 is to ensure that each agency must get at least one
new bus (REPL), and/or, each agency must get sufficient new buses (REPL) to exceed
20% of its current need. (The fraction 20% can be changed by the user, if necessary.)
Inequalities 19 and 20 simply depict institutional constraints, and are designed to reflect
the political/practical redity that all the constituent agencies within a particular peer
group should receive funding for a specified minimum number of new buses (REPL).
However, if Model 1 predicts that the total number of buses to be replaced is less than the
number of constituent agencies, inequalities 19 and 20 will beinvalid.
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5.RESULTS

The application of the two-stage research methodology presented in the previous chapter
is demonstrated through two comprehensive case study applications, utilizing actual fleet
data available from the Michigan Department of Transportation (MDOT). MDOT
alocates capital funds (largely federal dollars), supplemented with state funds among
approximately 100 transit agencies in the state that have a combined fleet size of
approximately 3000, of varying sizes and operating characteristics.

Two case studies are presented in this report (1) for medium sized-medium duty buses for
atotal fleet size of 720, and (2) for large sized buses for a total fleet size of 1356. The
case studies use the entire fleet (for the respective size) for al the agencies that receive
capital assistance from MDOT. The same procedures can be applied on a smaller subset
of the agencies comprising specific peer groups, if necessary.

The Intermodal Surface Transportation Efficiency Act in 1991 required all states to
develop management systems to aid the transportation agencies in planning, engineering,
and programming. Although there has been some relaxation of the federal mandates,
MDOT has continued its efforts to develop the six management systems. One of these is
the Public Transportation Management System (PTMS), developed by the Passenger
Transportation Division (PTD) of Urban and Public Transportation (UPTRAN), of
MDOT.

The intent of PTMS is to provide Michigan transit providers the tools and information
systems necessary to build, maintain, operate, and manage high-quality transit services
for various regions and local communities. PTMS contains a comprehensive and
historical database including vehicular fleet, operating and capital assistance, and a wide
range of performance measures. The fleet data used in this study is derived from the
PTMS database.

5.1 Medium Sized-M edium Duty Buses

An analysis of the PTMS database showed that MDOT has a medium sized fleet of 720
vehicles distributed among a total of 93 agencies. Table Al (in Appendix A) shows the
distribution of the remaining life of the fleet for each of the agencies as derived from the
PTMS database. Since the MNSL of the buses are 7 years, a“7” year RL isindicative of
new buses. Similarly, a “0” year RL would be indicative of those buses that have
fulfilled their MNSL obligations.

Table A1 shows that of the total fleet of 720, as many as 235 buses have “0" year RL,
(33%), needing immediate replacement. The WARL of this fleet is 2.68 years, computed
as the weighted average of the entire matrix. Thus the number 2.68 is a composite
measure of the overall quality of the fleet, measured as the average years of remaining
life of the entire fleet. 1t should be noted that the range of WARL is asfollows

0<WARL <7 years,
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and the number 2.68 represents an aging fleet, largely because of the 33% of the fleet
being in the “0” years RL category. MDOT personnel suggested an available budget of
$5.79 million for the first year, which is far short of what is needed to replace al the 235
buses ($19.13 million). The following four options for addressing the question of the
aging fleet were identified.

(1) REPL - expected life 7 years

(2) REHAB1 - expected extended life of 2 years

(3) REHAB2 - expected extended life of 3 years

(4) REMANF - expected extended life of 4 years

The object of this set of analyses presented below is to address the following three
questions:

(1) What is the maximum investment justified for the three program options REHABL,
REHAB?2, and REMANF in view of an extended life of 2, 3, and 4 years respectively,
compared to additional life of 7 years for the REPL option? (Stage 1)

(Note: The available budget of $5.79 million will only allow the purchase of 72 new
buses, while there is a need to replace 235 buses. Hence, it is necessary to consider the
other three options, REHAB1, REHAB2, and REMANF.)

(2) How should the available budget of $5.79 million be allocated among the four
program options (REPL, REHAB1, REHAB2, and REMANF), such that the weighted fleet
lifeis maximized? (Stage 2, Model 1). Note the weighted fleet life refers to the 235 buses
that are eligible to be replaced and not the entire 720 buses.

(3) How should the funds for the four program options derived from Model 1 be
distributed among the 93 agencies, so that the TNWARL is maximized? (Sage 2, Model
2)

Further, starting with the year 2002, a seven year projection of the fleet needs is
presented that will enable MDOT to alocate its resources among the four program
options, and among the 93 constituent agencies for the years 2002 to 2009. (Note: The
period of seven years was chosen as it corresponds to the life cycle of the medium sized
buses.)

5.1(a) Stage 1 Results (Case 1)

Utilizing the approach presented in Stage 1, the following Cna values were obtained.
Detailed calculations are presented in Appendix C.

REPL Cost $81,540, expected life 7 years

REHAB1 Cost $17,800(max), extended life 2 years
REHAB2 Cost $24,500(max), extended life 3 years
REMANF  Cost $30,320(max), extended life 4 years
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The results of the Stage 1 analysis can be summarized as follows. For an existing bus
that has aready served its MNSL of seven years, the maximum investments (Cra),
justified for Rebuilding purposes are $17,800 (REHAB1), $24,500 (REHAB2), and
$30,320 (REMANF), if the bus were to last another 2, 3, and 4 years respectively,
compared to replacing the bus for $81,540 for 7 years. Stated differently, if the actua
costs are less than the above Chax Values, the investments are justified, as reflected in
(B/C) ratios exceeding unity in equation 5. Note that higher investment costs are
associated with increased life expectations. Thus, the economic implication of investing
$17,800 (in an existing bus that has fulfilled its 7 years of expected life) for an extended
life of two years, or $24,500 for three years or $30,320 for four years is the same.
However, the budgetary implications of these different levels of investments may be
different in the context of limited resources. This feature is captured in Stage 2
application.

Note: As the seven year projection was conducted utilizing the budgetary and cost data
for new vehicles provided by MDOT, the cost of new buses (medium sized-medium
duty), were changed by a small amount every two years. The Cnax values computed as
above using the Stage 1 procedure, were changed accordingly, in proportion to increases
in the cost of new vehicles.

5.1(b) Stage 2 Results. Model 1 (Case 1)

The 7-year Bus Replacement projection data, as obtained from MDOT is presented in
Table 1. (Note the origina data provided by MDOT was subjected to the same minor
adjustments to keep the data compatible with the PTM S database provided by MDOT).
Table 1 shows that in the year 2002, 235 vehicles are eligible for replacement (as already
shown in Table Al). With expected funding at 30% of eligible buses, and a budget of
$5.79 million, only 71 vehicles can be replaced leaving a total of 164 vehicles unfunded.
Under the current alocation procedures, these 164 vehicles will continue to be in the
fleet, thereby further deteriorating the quality of the fleet

(Note: These 164 vehicles, when allowed to continue in the fleet would indeed have a
RL of (-)1 year, further depleting the WARL value). However, when comparing the
current procedure with the proposed procedure (as presented in later in of the report), a
RL value of “0” years was assumed.

In the year 2003, another 122 vehicles become eligible for replacement. These 122
vehicles, plus the 164 unfunded vehicles from the previous year, make a total of 286
vehicles eligible for replacement in 2003. With an anticipated funding level of 39% in
2003, the available funding $9.13 million allows 112 vehicles to be replaced under the
current allocation procedure, leaving a total of 174 vehicles unfunded, to be added to the
eligible pool for the year 2004.

Table 1 shows that the anticipated funding level by MDOT fluctuates between 30% to

42% between 2002 and 2009. Table 1 aso shows that the available funding to be utilized
by MDOT under its current allocation process can be used to replace only a limited
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fraction of the vehicles eligible, leaving a greater majority of the eligible vehiclesin the
fleet, thereby depleting the quality of the fleet.

The procedure presented in the research address the need of the “depleted” quality, by
ensuring that the need of every vehicle with “0” years of RL is addressed by one of the
four program options identified above: REPL, REHAB1, REHAB2, and REMANF, with
new/additional servicelivesof 7, 2, 3, and 4 years respectively.

During the seven-year projection utilizing the proposed procedures, the following two
policy directives were adopted.

A vehicle can be rehabilitated only two times (REHABL or REHAB2) before it must
be replaced (REPL) with a new bus, and

A vehicle can be remanufactured only one time (REMANF) before it must be replaced
(REPL) with a new bus

5.1(b)i Model 1 Results: Year 2002: Utilizing the procedure presented in Section 4.2(a)
the following optimizing function and constraints can be formulated:

Maximize Z = A1 X1 + AsxXo + AsX3+ AgXy, SUbjeCt to:
81,5404 + 17,800 X, + 24,500 X3+ 30,320 X4< 5.79 x 10°
X1+ Xo+ X3+ X4=235, where

A1=11/N=7/235

Az = |2/N =2/235
Az =13/N = 3/235, and
A4 =14N = 4/235

Model 1's application indicates that a combination of 107 REHAB1 buses for 2 years of
extended life (to be eligible for REHAB again in 2004), and 128 REMANF buses for 4
years of extended life (that must be replaced in 2006) represents the optimum solution,
with no new buses purchased (Table 2). This combination results in a weighted fleet life
of 3.09 years for the 235 buses (representing the maximum of all possible combinations
under the stated constraints), for atotal investment of $5.789 million. Note the model did
not select any vehicles in the REHABZ2 category. Clearly, an investment of $24,500 for
an extended life of 3 years was not found “worthwhile” by the optimizing model,
compared to the option of investing $17,800 and $30,320 in REHAB1 and REMANF for
extended lives of 2 years and 4 years respectively.

The optimization problems presented in Model 1 and Model 2 were solved using the
Solver component of Microsoft Excel Software (25, 26). The Solver component of
Microsoft Excel is a spreadsheet optimization tool used to solve mathematical models.
For linear programming problems, Solver uses the Primal Simplex method. For mixed-
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integer programming problems, the Branch and Bound methods are combined with the
linear methods. The linear method first solves the problem, without the integer
congtraints. If the solution is integer, then no more calculations are done. If there are
solutions that are constrained to be integer, but are not, then the Branch and Bound
methods further solve the problem until a solution is found. (Note: For a detailed
explanation of Simplex and Branch and Bound principles see 22).

5.1(b)ii Model 1 Results: 2003-2009: Results of Model 1 application for the years 2003-
2009 are presented in Figure 2. A brief year by year summary is presented below.

2003: The need for 122 vehicles is met by 106 new buses (to need
replacement in 2010) and 16 REMANF buses (to be replaced in 2007), at the
available budget of $9.13 million, for a maximum weighted fleet life of 6.6
years.

2004: A total of 44 buses maturing to “0” years RL in 2004, plus 107 buses
(REHABL in 2002) comprise a need of 151 buses to be addressed in 2004.
Model 1 recommends 32 buses for REPL (needing action in 2011), and 119
buses for REMANF (to be replaced in 2008), for a maximum weighted fleet
life of 4.62 years at the available budget of $6.69 million.

2005: The need for 23 vehiclesis met by REPL (without the use of Model 1)
for a max weighted life of 7 years at a cost of $2.02 million. This |leaves a
surplus of $3.17 million, considering the available budget of $5.2 million.

2006: Thisisacrucia year in the seven-year life cycle, caused by the need to
replace 128 buses, remanufactured (REMANF) in 2002. Additionally 63
vehicles mature to “0” years RL, for atotal of 191 vehicles, whose heeds must
be addressed. Optimization is not possible, as actions to be taken are
predefined in the 128 vehicles that must be replaced (REPL), with the
remaining 63 vehicles recommended for REHAB2 (to need action in 2009),
for atotal investment need of $13.969 million. With an available budget of
$6.75 million, and the use of previous years surplus of $3.174 million, a net
deficit of $4.045 million isincurred.

2007: A tota of 77 vehicles maturing to “0” years RL, plus 16 vehicles
remanufactured in 2003 (REMANF) results a need of 90 vehicles to be
addressed. The optimum solution consists of 55 buses to be replaced (REPL),
(to need action in 2014) and 38 buses to be remanufactured (to need action in
2011), for the total available budget of $6.66 million, for a maximum
weighted fleet life of 5.78 years.

Note: A cost saving option would have been to replace 16 buses and rebuild
(REHAB1) 77 buses, for a total cost of $3.12 M, resulting in a savings of
$3.54 M. This would have reduced the deficit to $0.5 million. This option
was not pursued because it would not result in maximum fleet life.
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dlocation, and the costs incurred is presented for each year, along with the
surpluses/deficits. It shows a net deficit of $8.78 million (constant dollars) for the seven
year planning horizon, with the revised cost datafor REHAB1, REHAB2, and REMANF.
Since these costs are lower than the original Crax-values used, the net deficit of $8.78
million is considerably smaller than the earlier figure of $12.165 million. The Present
Worth of this deficit (in the year 2002) at an assumed 5% annual interest rate is
$6,856,049 (compared with $9,251,095 million with the earlier case).

Tables A16 through A31 depict the Model 2 application for each year, starting in 2002
and ending in 2009. These Tables are to be interpreted exactly in a similar manner as
their earlier counterpartsin Case 1. For each year, apair of Tablesis presented; one prior
to the application of Model 2, and the other after the application.

5.2 Large Sized Buses

An analysis of the PTMS database showed that MDOT has a Large sized fleet of 1356
vehicles distributed among 21 agencies. Table A32 shows the distribution of the
remaining life of the fleet for each of these agencies derived from the PTMS database.
Since the MNSL of these buses are 12 years, a“12” year RL would be indicative of new
buses. Similarly, a“0” years RL would be indicative of those buses that have fulfilled
their MNSL.

Table A32 shows that of the total fleet of 1356, as many as 269 buses have “0” year RL,
(20%), needing immediate replacement. The WARL of this fleet is 5.45 years, computed
as the weighted average of the entire matrix. Thus the number 5.45 is a composite
measure of the overall quality of the fleet, measured as the average years of remaining
life of the entire fleet. 1t should be noted that the range of WARL is asfollows

0<WARL <12 years,

and the number 5.45 represents an aging fleet, largely because as many as 269, 155, and
109 buses, out of a total fleet of 1356 buses are in the “0”, “2", and “3” years RL
category. MDOT personnel suggested an available budget of $25.37 million for the first
year, which is far short of what is needed to replace all the 269 buses ($84.25 million).
The following four options for addressing the question of the aging fleet were identified.

(1) REPL - expected life 12 years

(2) REHAB1 - expected extended life of 5 years
(3) REHAB2 - expected extended life of 6 years
(4) REMANF - expected extended life of 7 years

The object of this set of analyses presented below is to address the following three
questions:
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7. CONCLUSIONS

The purpose of this study was to develop a set of procedures that can be used by state
DOTsto optimally alocate limited capital dollars for the dual purpose of purchasing new
buses and for rebuilding existing buses to be used by local transit agencies, and to
alocate funds for specific programs (e.g. Replacement vs. Rebuilding), among the
congtituent transit agencies in the most equitable manner. The impetus of this study lies
in the fact that most state DOTs do not have sufficient capital funds to support the
purchase of new buses for the constituent agencies that have fulfilled their Minimal
Normal Service Life (MNSL) requirements. While it is desirable to replace al old buses
with new ones, budgetary constraints make it impossible to fund the purchase of al new
buses. The proposed procedures provide the “next best solution,” a solution that will
result in an optimum combination of new and rebuilt buses to satisfy the fleet size
reguirements within the budgetary constraints.

The methodology proposed is a two-stage process, and builds on a procedure (termed as
the Stage 1 Process) developed in an earlier study conducted at Wayne State University.
In Stage 1, the maximum investment, Cna, that one can justify in rebuilding an existing
bus is estimated. Alternatively the user can specify its own Cn Or any realistic
investment amount needed for rebuilding purposes.

Sage 1 is an economic analysis process that explores the economic conseguences
of postponing the replacement of an existing bus that has fulfilled its MNSL
requirements and provides an estimate of Cray, the maximum amount that can be
economically justified in the rebuilding of the existing bus, when all benefits and
cost are conddered.

The Stage 2 Processis a set of optimization algorithms that can be used to:

Allocate capital dollars for the dual purpose of purchasing new buses and
rebuilding existing buses when the needs of all the constituent transit agencies are
considered (Model 1), and

Distribute the dollars among the constituent agencies that will enable each
agency to manage its resourcesin an optimal manner (Model 2)

Model 1 attempts to maximize the weighted fleet life of the group of buses that are being
purchased and rebuilt. Model 2 attempts to maximize the Remaining Life (RL) of the
entire fleet in a peer group comprising of the existing buses, as well as those being
replaced and being rebuilt. The output from Model 1 serves asadirect input to Model 2.

The proposed models were tested with actual bus cost, budgetary, and planning data
provided by the Michigan Department of Transportation, with three cases comprising two
categories of buses: (1) medium sized buses (Cases 1 and 2) and (2) large sized buses
(Case 3). The Public Transportation Management System (PTMS) data provided by
MDOT was used to compile Remaining Life (RL) data for the buses over specific
planning horizons. A seven-year planning horizon was used for the medium sized buses
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to coincide with the expected life of these buses. A 12-year horizon was used for the
large sized buses for similar reasons.

The testing of the proposed models indicates that the two models are viable and require
fleet life data that is typically available with state DOTs. The application of Model 1
shows that it is possible to satisfy the fleet requirements of a group of agencies through
the optimal combination of REPL buses, and REHAB/REMANF buses within the
constraints of agiven budget. Model 1 is based on the premise that when sufficient funds
are not available to replace all the buses that have completed their MNSL requirements, it
is possible to satisfy the fleet requirements with a combination of new and rebuilt buses
within the constraints of a limited budget. Model 2 shows that funds for the REPL and
REHAB/REMANF buses can be allocated among the constituent agencies in an equitable
manner so as to optimize the Total Weighted Average Remaining Life (TWARL) of the
fleet of the entire peer group. Given the current distribution of the RL of the fleet by
each agency, Model 2 allocates funds among agencies so as to maximize the RL of the
fleet. The user may specify constraints to ensure that every agency receives a minimum
number of new/rebuilt buses. This approach is designed to recognize the state DOTs
need to consider each individual agency’s fleet requirements, within the larger framework
of the peer group.

A procedure is also presented to estimate the costs and benefits associated with the
implementation of the procedure over a specified planning horizon. The three case
studies demonstrate that some deficits are incurred in capital expenditures, largely
because of a “backlog” of a disproportionately large number of vehicles needing
replacement in the first year, as the MDOT data indicates. By relaxing the budgetary
congtraint, it is possible to further improve the fleet quality. However, the application of
the proposed approach also results in significant improvement in the quality of fleet,
compared to the current procedure, as measured by the gain in Remaining Life of the
entire fleet. The dollar worth of the gain, computed over the planning horizon is found to
be significantly higher that the deficit incurred, resulting in a high Net Present Worth of
the investment. Stated differently, the case studies appear to indicate that the application
of the proposed models will result in significant positive net benefits. However,
additional testing of the models is recommended to establish the creditability of the
models. A summary of the Net Present Worth of the three cases analyzed is presented in
Table 14.

Further studies are recommended to explore improvements in the optimization models

presented by the authors. Any such procedure developed should be validated with actual
data to demonstrate their applicability under real-world circumstances.
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