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1 INTRODUCTION

1.1        What Is FuelCost 1.0?

FuelCost 1.0 is a Microsoft Excel 5.0 workbook file designed to help
transit managers and other decision makers analyze the cost implications of various
fuel options for full-sized transit buses. FuelCost 1.0 was developed by ARCADIS
Geraghty & Miller, Inc. (formerly Acurex Environmental Corporation) under
Transit Cooperative Research Program Project C-8, "A Framework for Evaluating
Fuel Options for Transit Buses." Primary contributors were Daniel R. Luscher,
Richard L. Remillard, and Elizabeth A. Devino.

FuelCost 1.0 uses data provided by the user (with default values if the user
does not have fleet-specific data) and some pre-defined data to perform a lifecycle
cost analysis of alternative fuels, as well as a cash-flow analysis that compares
costs for different fuel options during each calendar year. This allows the user to
see not only how fuel options compare over the long term, but also how they may
affect the year-to-year operating cash flow for a transit agency. FuelCost 1.0
reflects uncertainty in calculating costs by including median, low, and high cost
cases. FuelCost 1.0 can be used to analyze a single procurement, or a wholesale
changeover to an alternative fuel over several years.

FuelCost 1.0 is intended to assist transit agencies with scoping-level
planning. Any transit agency seriously considering a major purchase of alternative
fuels should perform a detailed, site-specific analysis of fuel options before making
a final decision.

1.2        About This User's Guide

This User's Guide will help you get the most out of the FuelCost 1.0 model.
This first section provides basic information on the model.

Section 2     QUICK START gives you the information you need to start
using FuelCost 1.0 immediately, with a minimum of reading.

Section 3     DETAILED USER INFORMATION provides more in-depth
guidance in using FuelCost 1.0. It walks the user through each module of the
model, explaining exactly where the user can input site-specific information, how
FuelCost 1.0 calculates costs, and how to interpret results using both numbers and
charts.

Section 4     EXAMPLE SCENARIOS illustrates the use of FuelCost 1.0 by
presenting the results of three simple scenarios.
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Section 5     LIST OF DEFAULT VALUES, PRE-DEFINED DATA, AND
FORMULAS lists the specific information used by FuelCost 1.0.

Section 6     REFERENCES AND SOURCES lists sources of additional
information on costs associated with alternative fuels for transit buses.

1.3        How Is FuelCost 1.0 Organized?

The heart of FuelCost 1.0 is a set of modules covering different cost and
data elements. The six modules include:

•  General Inputs
•  Bus Data
•  Fuel Price
•  Facility Capital Costs
•  Costs
•  Yearly Cost Summary (Cash-Flow Analysis)

Each of these modules is represented by an individual spreadsheet within
the Excel workbook (except for the Costs module, which consists of three
spreadsheets representing median, low, and high cases). Additional spreadsheets
display charts that visually present the results of the life-cycle cost analysis and the
cash-flow analysis.

FuelCost 1.0 includes the following fuels: diesel, compressed natural gas
(CNG), liquefied natural gas (LNG), methanol, ethanol, and liquefied petroleum
gas (LPG).

1.4        How Do I Start Using FuelCost 1.0?

FuelCost 1.0 was designed for use on an IBM PC-compatible computer
with Microsoft Excel 5.0 (for Windows 3.1 or newer) and a color monitor.
However, it can also be used on an Apple Macintosh-compatible computer, also
using Excel 5.0.

FuelCost 1.0 requires only that the user knows basic computer and
spreadsheet skills, such as entering data into a spreadsheet cell, scrolling through
spreadsheets, and switching between sheets within a workbook.

Before using your copy of FuelCost 1.0, it is important that you make a
copy of the original workbook file (filename FC10.XLS) and keep it separate from
the file you actually work with. This will allow you to keep a file with the original
default values provided in FuelCost 1.0 (if you forget to do this, you can always
manually reenter the default values, which are listed in Section 5).
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1.5        Additional Sources of Information

In addition to FuelCost 1.0, various resources are available to help transit
managers evaluate fuel options. The guidebook that accompanies FuelCost 1.0,
entitled Guidebook for Evaluating, Selecting, and Implementing Fuel Choices for
Transit Bus Operations, prepared by ARCADIS Geraghty & Miller under Transit
Cooperative Research Program Project C-8, is intended to serve as an information
reference for transit managers. It provides important basic information on transit
bus fuel options, and discusses the ramifications of using various alternative fuels,
including technical, safety, and cost issues. The references and sources listed in
Section 6 of this User's Guide provide additional detail on various aspects of
alternative fuels. In addition, various consulting firms have special expertise in
evaluating alternative fuel options for individual transit agencies.
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2 QUICK START

The basic operation of the FuelCost 1.0 model is quite simple. The model
is pre-loaded with default values for all parameters used to calculate the costs of
various fuel options. To perform a cost analysis, the user simply looks at the first
five spreadsheets (i.e., those spreadsheets with the five left-most sheet tabs), which
are entitled General Inputs, Bus Data, Fuel Price, Facilities, and Costs—Median.
Within these five spreadsheets, the user performs two steps:

a. Look at each of the cells with blue text. These cells allow user input,
and initially contain default values. The user should replace any of
these values with values that are appropriate for the particular transit
fleet.

b. Look at each of the cells with gray background. These cells are
initially blank. The user can either leave these cells blank or enter a
value appropriate for the particular transit fleet.

The following input parameters are the most likely ones the user will want
to change in doing a cost analysis:

•  In the General Inputs module (spreadsheet): scenario name, current
year, sales tax rate, and alternative fuel to use for cash-flow analysis.

•  In the Bus Data module (spreadsheet): bus procurement schedule.

Having completed steps a and b, the user can review the results of the cost
analysis that the FuelCost 1.0 model has performed based on the input values.
These results can be found in the following places:

•  Summary spreadsheets, entitled Costs—Median, Costs—Low, Costs—
High, and Cash Flow

•  Cost charts, which comprise the next six spreadsheets in the workbook,
entitled Ann. Cost Chart, Ann. Cost Breakdown Chart, Ann. Cost
Chart—Local Share, Fuel Cost Chart, Cash Flow Chart, and Cash Flow
Chart—Local Share

The user can print out any of the spreadsheets or the entire workbook to
have a paper copy of the cost analysis.

The user can also save the spreadsheet with a special file name in order to
save the user-defined inputs.
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3 DETAILED USER INFORMATION

This section walks the user through the FuelCost 1.0 model, providing
indepth guidance on the following topics:

1. How and where to input site-specific cost information and other data

2. How the FuelCost 1.0 model calculates fuel-related costs

3. How to view and interpret the results of the analysis

The FuelCost 1.0 workbook file consists of 15 spreadsheets, whose titles
are indicated on sheet tabs at the bottom of the screen. The first eight spreadsheets
(i.e., those with the left-most sheet tabs) contain the six modules that contain inputs
and calculations for the life-cycle cost analysis and cash-flow analysis. The six
modules are titled General Inputs, Bus Data, Fuel Price, Facility Capital Costs,
Costs, and Yearly Cost Summary (Cash-Flow Analysis).

The cells in these modules can be divided into three categories for the
purposes of user input. To allow the user to instantly identify the three types of
cells, cells corresponding to each of these three categories have a different
appearance in FuelCost 1.0:

1. Cells not allowing user input. Most cells in the FuelCost 1.0 modules
contain either unchangeable input values (for example, fuel energy
content) or formulas. These cells appear as black print on a white
background. In addition, these cells are locked so that the user cannot
change the cell value or formula.

2. Cells with a default value that allow a user-specified value. Those cells
that contain a default value which can be changed by the user (such as
diesel fuel price) appear on color monitors in blue print on a white
background.

3. Cells allowing a user-specified value as an alternative to a fixed
formula. Some values (such as alternative-fuel bus cost) are calculated
by FuelCost 1.0 using formulas. In order to allow the user to input a
fleet-specific value for certain of these parameters without erasing the
formula, FuelCost 1.0 includes a separate cell (usually below the cell
containing the formula) in which the user can enter a specific value if
desired. These cells will appear with a gray background.

FuelCost 1.0 calculates all costs in 1997 U.S. dollars.
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Sections 3.1 through 3.6 describe the use of the six modules. Section 3.7
describes the six charts that help the user interpret the results. Sample printouts of
FuelCost 1.0 modules can be found in the Appendix.

3.1        General Inputs Module

The General Inputs module allows the user to specify certain basic data
used throughout the analysis, as discussed below. Many of the default values
provided in FuelCost 1.0 should be sufficient for many transit agencies. But the
user is free to change any or all of the default values to reflect fleet-specific
parameters or requirements.

Scenario name

The user can enter a scenario name in this cell (cell C4). The scenario
name will appear at the top of each spreadsheet in the FuelCost 1.0 model,
underneath the name of the module or chart. If the user chooses to run several
analyses with different sets of assumptions, this scenario name allows the user to
distinguish between the different runs. This cell can be left blank if the user wishes.

Current year

In this cell (C6), the user can enter the current year, or the first year for
which the cost analysis is to be done. This value determines the range of years
displayed in the Bus Data module and used in the cash-flow analysis. Regardless of
the year specified in this cell, FuelCost 1.0 is designed to calculate costs in 1997
U.S. dollars.

Sales tax rate

In this cell (C8), the user should enter the local sales tax rate applicable to
the transit agency. This rate is used in other modules to calculate the sales tax on
fuel and bus purchase costs.

Amortization parameters

These two parameters are used in the life-cycle cost analysis to convert
capital costs for buses and facilities into annualized costs. For the discount rate
(cell C11), the user can enter an appropriate discount rate for the transit agency.
The user can opt for the default value of 8%, or enter a value based on the transit
agency's cost of money or some other criterion.

For the facility life (cell C12), the user can enter an appropriate lifespan for
new fueling facilities and modified maintenance facilities. Note that this number
should reflect the full physical life of the facility only if the transit agency
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expects the facility to be used for that full life. If, for example, the user expects that
the transit agency's alternative-fuel vehicle program will last for 12 years, then 12
years should be entered in this cell because this reflects the expected useful life for
the new or modified alternative-fuel facilities. The default value of 20 years should
be used if no site-specific information is known.

FuelCost 1.0 uses a bus life of 12 years, an assumption that cannot be
changed by the user.

Annual miles per bus

This cell (C14) contains the average annual miles per bus in the fleet. The
user should enter actual historical or expected annual miles per bus if known. The
default of 41,667 miles is based on Federal Transit Administration (FTA)
guidelines (500,000 total miles for a bus in a 12-year lifetime). FuelCost 1.0 uses
annual bus miles in calculating annual operating costs, and in calculating required
fueling facility fuel throughput.

Required vehicle range

This cell (C15) specifies the vehicle range between refueling required by
the transit agency. This value only affects the purchase cost of CNG buses (since
on-board fuel storage is relatively expensive for CNG buses). The default value is
400 miles, but the user can input 300 miles if the transit agency can tolerate lower
range for CNG buses (in exchange for reduced capital costs for the buses).

Are buses parked indoors?

This cell (C18) indicates whether the buses are parked indoors or outdoors.
This input determines whether FuelCost 1.0 adds costs for modifying bus parking
facilities for alternative fuels. FuelCost 1.0 interprets anything other than "N" as a
"yes" response.

Federal cost sharing of capital costs

These cells (C21 for the federal share of capital costs for diesel fleets, and
C22 for alternative-fuel-related capital costs) can be used to specify federal cost
sharing percentages for capital costs. These inputs are used to calculate the local
share of capital costs. The default values are based on current FTA policy as of this
writing.

Electricity costs (for CNG compressor station)

These cells (C25 and C26) are used to calculate the costs of compressing
natural gas. The user should enter appropriate local costs for the unit electricity
price and the demand charge. If CNG is not one of the options the transit agency is
considering, the user can ignore these inputs.
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Alternative fuel to use for cash-flow analysis

While the life-cycle cost analysis performed by FuelCost 1.0 includes six
fuels, the cash-flow analysis only includes two fuels: diesel and one alternative
fuel. In this cell (C28), the user can define which alternative fuel is to be included
in the cash-flow analysis.

3.2        Bus Data Module

In the Bus Data module, the user inputs the number of buses in the current
fleet, by year purchased, under the "Current bus fleet" heading (in cells B9 through
B20). FuelCost 1.0 automatically calculates the total number of buses (shown in
cell B22). Based on these data, the Bus Data module projects future bus
replacement requirements (in cells E9 through E20, under "Bus procurement
schedule: default"), assuming a standard 12-year bus life. Note that the first year of
this procurement schedule corresponds to the year entered in the "Current year"
field in the General Inputs module.

If the user wishes to enter a procurement schedule different from the
default schedule calculated by FuelCost 1.0, the user can enter it in the gray cells
underneath "Procurement schedule: user-specific" (cells F9 through F20). Later
modules in FuelCost 1.0 will use the default bus procurement schedule if these
cells are left blank, and will use the user-specified schedule if any of these cells are
filled in.

The user has flexibility here in determining the scope of the cost analysis.
For example, if the user only wants to consider replacing some of the fleet's buses
with alternative-fuel buses, the user can only input the bus data for that portion of
the fleet.

3.3        Fuel Price Module

The Fuel Price module calculates fuel prices for different fuel options
based on user input and default values. Because the vast majority of transit fleets
are exempt from most excise taxes, these excise taxes are not considered in
calculating fuel price. Sales tax is added to all fuels except CNG, which is currently
exempt from sales tax. The primary output of the Fuel Price module is fuel price
per sales unit (therm for CNG, gallon for other fuels) for median, low, and high
cases. The module also displays fuel prices per million Btu and per diesel-
equivalent gallon, so that the user can see how fuel prices compare on an energy-
equivalent basis.

In this module, the user can enter values for diesel fuel economy, unit fuel
prices (for diesel, CNG, LNG, methanol, ethanol, and LPG), and delivery cost.
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Diesel fuel economy

FuelCost 1.0 includes a default value for diesel fuel economy of 4.0 miles
per gallon, which is typical for modern diesel transit buses. The user can enter a
fleet-specific value (in cell B8) if the user's bus fleet experiences tougher or easier
duty cycles than typical transit buses. Note that this value should reflect the fuel
economy of new buses using modern four-stroke diesel engines, which may be
higher than the fuel economy of a transit agency's existing fleet of buses.

The FuelCost 1.0 model uses this value to calculate the predicted fuel
economy of alternative-fuel buses (in cells C8 through G8), accounting for
differences in fuel energy content and energy efficiency.

Unit fuel prices

FuelCost 1.0 includes default unit fuel prices for each fuel (in $/therm for
CNG, and $/gallon for other fuels). The user should enter a diesel fuel price (in cell
B11) that reflects the actual diesel fuel price for the fleet under consideration (or
expected future diesel fuel price). If the user knows what unit prices the transit
agency would pay for particular alternative fuels of interest, the user should enter
these prices (in cells C11 through G11). To reflect fuel price uncertainty, FuelCost
1.0 calculates low and high unit prices for the alternative fuels based on the median
prices.

Delivery costs

If the user enters unit fuel prices that do not include delivery charges, the
user should enter the estimated delivery cost for each fuel under consideration (in
cells B12 through G12). The default unit fuel prices are delivered fuel prices, and
therefore the default delivery cost for each fuel is $0.00.

3.4        Facility Capital Costs Module

This FuelCost 1.0 module calculates fueling facility and maintenance
facility costs based on formulas relating fuel usage and fleet size to cost. (Note that
the spreadsheet title on the sheet tab is abbreviated as "Facilities.") Alternatively,
the user can input specific estimates of facility costs. To reflect uncertainty in
facility costs, this module estimates low and high facility costs based on these
median values and calculates total facility costs for the median, low, and high cases
(in cells C18 through H18, C23 through H23, and C28 through H28, respectively).

The user can also input natural gas supply pressure for the CNG case.
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For illustrative purposes, this module also displays daily fuel requirements
(in cells C5 through H5), which FuelCost 1.0 calculates based on input from
previous modules, specifically the number of buses, bus miles, and fuel economy.
Also, the module displays the required fueling facility tank capacity (in cell C7 and
cells E7 through H7) for the liquid alternative fuels and CNG fueling facility
compressor capacity (in cell D8), which FuelCost 1.0 estimates based on the daily
fuel throughput. The estimated fueling facility storage capacity is derived by
estimating that fleets need usable storage capacity equivalent to nine days of fuel
throughput for methanol, ethanol, and LPG, and four days of fuel throughput for
LNG. FuelCost 1.0 estimates the required compressor capacity for a CNG fueling
facility based on the required daily throughput and assuming an 8-hour window for
refueling the buses.

Natural gas supply pressure

The supply pressure of natural gas affects the amount of energy required to
compress the gas for on-board storage on a CNG bus. As the supply pressure
increases, less compression energy is needed to fill a bus with CNG. FuelCost 1.0
calculates compression energy (and cost) using the Ideal Gas Law, with a default
supply pressure of 65 psia. If CNG is one of the fuels of interest to the user, the
user can input (in cell D9) the pressure that natural gas would be supplied to a
CNG fueling facility from the utility gas line. This can usually be obtained from
the gas utility company that supplies natural gas to the transit yard.

Fueling facility capital cost

FuelCost 1.0 calculates a default estimate for fueling facility cost for each
of the alternative fuels (in cells D12 through H12), based on actual costs
experienced for existing facilities.1 This cost calculation is based on the amount of
fuel required per day. However, if the user has site-specific cost estimates for any
alternative fuels of interest, the user can enter these estimates in the gray cells
below the default estimates (cells D13 through H13). In addition, if any new or
modified diesel fueling facilities would be needed if the transit agency purchases
diesel buses, an estimate of these costs can be entered (in cell C13).

Based on these estimates, which are considered median estimates,
FuelCost 1.0 calculates low and high estimates of fueling facility costs (in cells
C21 through H21 and C26 through H26, respectively). If the user accepts the
default cost estimates (i.e., does not enter user-specified values), the model
estimates the low and high costs using a range of plus or minus 40 percent for
CNG and LNG (to reflect the large variations in actual constructed costs for
                                                                  

1 The CNG fueling facility cost formula is based on ARCADIS Geraghty & Miller analysis of
costs experienced at Pierce Transit, Los Angeles County MTA, Sacramento RT, Toronto
Transit Commission, and Cleveland, as well as National Renewable Energy Laboratory
(NREL) and Southern California Gas Company estimates. LNG costs are derived from
experience at Houston Metro, Sun Metro, and Los Angeles International Airport, as well as
previous analysis by ARCADIS Geraghty & Miller and NREL.
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existing CNG and LNG fueling facilities), and plus or minus 20 percent for
methanol, ethanol, and LPG. Where the user specifies the median cost estimate, the
model estimates the low and high costs using a range of plus or minus 10 percent.
This smaller range reflects potential differences between bid prices and actual
constructed costs.

Maintenance facility capital cost

FuelCost 1.0 calculates a default estimate for the cost of maintenance
garage modifications for each of the alternative fuels (in cells D16 through H16),
based on actual costs for existing facilities for fleets of various sizes.2 However, if
any site-specific cost estimates are available, the user can enter these in the gray
cells below the default estimates (cells D17 through H17), and costs for any
maintenance garage modifications that would have to be done anyway even if new
diesel buses are purchased can also be entered (in cell C17).

These estimates are considered median estimates, and FuelCost 1.0
calculates low and high estimates of maintenance garage modification costs (in
cells C22 through H22 and C27 through H27, respectively) in a manner similar to
the low and high fueling facility cost estimates.

3.5        Costs Module

The Costs module consists of 3 spreadsheets, titled "Costs—Median,"
"Costs—Low," and Costs—High." In the "Costs—Median" spreadsheet, the user
can enter information on bus purchase prices, and FuelCost 1.0 calculates the total
bus purchase costs, and incorporates data from other modules to summarize facility
capital costs, fleet operating costs, and annualized life-cycle costs for various
alternative fuel options. The Costs module also estimates the emissions impact of
alternative fuel options. The following sections explain the various parts of the
"Costs—Median" spreadsheet, followed by a description of the "Costs—Low" and
"Costs—High" spreadsheets.

"Costs—Median" spreadsheet: Capital costs

FuelCost 1.0 provides a default value for the purchase cost of a baseline
diesel bus, which is based on prices for well configured buses in recent transit bus
procurements. The user can enter a fleet-specific value if desired (in cell D9 of the
"Costs—Median" spreadsheet). Based on this value, FuelCost 1.0 calculates default
estimates of alternative-fuel bus costs (in cells E9 through I9) by adding an

                                                  
2 The CNG and LNG maintenance facility modification cost formula is based on experience at

Pierce Transit, Sacramento RT, and Maryland MTA, as well as previous analysis by
ARCADIS Geraghty & Miller and Booz•Allen & Hamilton.
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incremental cost for each alternative fuel (based on recent purchase prices of
alternative-fuel buses) to the diesel bus cost.3

If the user has price quotes from vendors of alternative-fuel buses, the user
can enter these in the gray cells below the default estimates (cells E10 through
I10).

Using the bus cost input, this part of the Costs module calculates total bus
purchase cost, including sales tax, for the fleet, and incorporates the median facility
cost estimates from the Facility Capital Costs module to calculate total capital
costs.

"Costs—Median" spreadsheet: Operating costs

Using input from previous modules, this part of the Costs module
calculates fleet operating costs that relate to fuel options. The user need not enter
anything in this section. However, FuelCost 1.0 provides default maintenance costs
per bus-mile (in cells D24 through I24), and the user can enter a fleet-specific
value if desired (in cells D25 through I25). In addition, the user can enter any other
annual operating costs (in cells D29 through I29).

Note that operating costs that are unaffected by fuel choice, such as bus
operator labor costs, are not included. FuelCost 1.0 calculates fuel cost per mile
and per year (in cells D21 through I22) based on information from the Fuel Price,
General Inputs, and Bus Data modules. The model then adds maintenance costs (in
cells D24 through I26), fueling facility compression electricity cost (in cell E27)
for CNG, fueling facility maintenance cost (in cells D28 through I28), and any
"other" maintenance costs entered by the user (in cells D29 through I29) to derive
total operating costs for each fuel option (in cells D31 through I31).

The default maintenance costs are based on existing experience with transit
buses operating on various fuels. The fueling facility compression electricity cost
represents the cost of electricity needed to power the compressors at the CNG
fueling facility. This cost is derived from a formula that relates CNG fuel usage
and gas input pressure to electricity use, and uses the electricity costs specified in
the General Inputs module. The fueling facility maintenance cost represents typical
costs for maintenance, inspection, and permitting of fueling facilities, and is related
to facility size.

                                                  
3 The default incremental costs for CNG, LNG, and LPG buses are based on recent

procurements and price quotes from several bus manufacturers. No methanol or ethanol
engines are currently available for transit applications, so the incremental costs for these buses
are based on older procurements when methanol buses were commercially available.
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"Costs—Median" spreadsheet: Annualized costs

This part of the Costs module calculates the annualized life-cycle cost of
the various fuel options (in cells D37 through I37) based on the capital and
operating costs, combined with the amortization parameters (discount rate and
facility life) defined in the General Inputs module, and a bus lifespan of 12 years.
FuelCost 1.0 also calculates the local share of the annualized cost (in cells D43
through I43) using the federal cost sharing percentages specified in the General
Inputs module.

"Costs—Median" spreadsheet: Emissions calculations

This part of the Costs module calculates the fleet emissions of oxides of
nitrogen (NOx) and particulate matter (PM) based on current certified emissions
levels. FuelCost 1.0 derives the emissions reductions in tons per year for each
alternative fuel options (in cells E50 through I50, for NOx, and cells E56 through
I56, for PM). These are provided for illustrative purposes, and are only meant to be
a rough estimate of emissions impacts.

"Costs—Low" and "Costs—High" spreadsheets

To reflect uncertainty, FuelCost 1.0 calculates low and high cost estimates
in addition to the median cost estimates discussed above. The user does not enter
any values in either of these spreadsheets.

The low and high cases incorporate uncertainty in three of the major cost
items related to fuel choice: bus cost, fuel price, and facility costs. If the user
accepts the default estimates of incremental cost for alternative-fuel buses, the low
and high estimates for bus cost reflect existing variability in bus purchase costs. If
the user enters a fleet-specific bus cost for a given alternative fuel, FuelCost 1.0
eliminates bus cost variability, and uses the same user-specified bus cost for the
median, low, and high cases.

Variability in fuel price and facility costs is discussed above in Sections 3.3
(Fuel Price module) and 3.4 (Facility Capital Costs module).

The "Costs—Low" and "Costs—High" spreadsheets are organized
identically to the "Costs—Median" spreadsheet, except that the variances of the
low and high cases compared to the median case are shown (in cells E38 through
I38 for total annualized cost, and E45 through I45 for local share of annualized
costs).
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3.6        Yearly Cost Summary (Cash-Flow Analysis) Module

This FuelCost 1.0 module allocates capital and operating costs to specific
calendar years over a 12-year period for the baseline diesel case and for one
alternative fuel specified in the General Inputs module. (Note that the spreadsheet
title on the sheet tab is abbreviated as "Cash Flow.") This module uses the bus
purchase schedule specified in the Bus Data module, combined with the capital and
operating costs summarized in the Costs module, to pinpoint the years in which
capital and operating costs are incurred. The Yearly Cost Summary (Cash Flow)
module requires no user input beyond that provided for the five life-cycle cost
analysis modules discussed in Sections 3.1 through 3.5. By identifying costs in
each year, rather than annualizing the costs, this module allows for a cash flow
comparison of fuel options.

Diesel costs are totaled by year (in cells C11 through N12), as are median,
low, and high costs for the selected alternative fuel (in cells C20 through N21, C28
through N29, C36 through N37, respectively). The cost differences in each year are
also presented (in cells C40 through N45).

3.7        Charts

In addition to the above six modules, six spreadsheets contain charts that
display the results of the life-cycle cost analysis and the cash-flow analysis. These
charts, which FuelCost 1.0 generates automatically based on information from the
six modules, allow the user to interpret the results simply and visually. If necessary
for clear viewing, the user can change the display size of each chart using the
"zoom control" box on the Standard toolbar in Excel, or by using the Zoom
command under the View menu.

Each chart is discussed below.

Annualized Cost Chart

The Annualized Cost Chart spreadsheet shows total annualized costs for
the fuel options. The solid bars represent the median costs calculated in the Costs
module, and the error bars for each alternative fuel correspond to the low and high
costs from the Costs module. Thus, the magnitude of the error bars give a sense of
the level of uncertainty associated with each alternative fuel.

Annualized Cost Breakdown Chart

The Annualized Cost Breakdown Chart spreadsheet shows the total
annualized cost for the median case broken down into vehicle capital costs, facility
capital costs, and operating costs. These costs are taken from the Costs module.
This chart does not include error bars reflecting low and high cases.
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Annualized Cost Chart—Local Share

The Annualized Cost Chart—Local Share spreadsheet displays the local
share of total annualized costs for the fuel options, calculated in the Costs module.
Error bars are included to represent the low and high cost cases.

Fuel Cost Chart

The Fuel Cost Chart spreadsheet shows the fuel cost (in $ per million Btu)
for each fuel option. The solid bars represent the median fuel costs calculated in the
Fuel Price module, and the error bars for each alternative fuel correspond to the
low and high fuel cost cases.

Cash Flow Chart

The Cash Flow Chart spreadsheet shows the difference in each calendar
year between the cost of operating on diesel fuel and the cost of operating on the
alternative fuel specified for use in the cash flow analysis in the General Inputs
module. A positive value for a given year indicates that the alternative fuel would
cost more in that year than diesel fuel operation would cost. Cost "spikes" represent
years in which capital costs for vehicles and/or facilities are incurred.

The solid bars represent the difference between the median alternativefuel
case and the baseline diesel case, calculated in the Yearly Cost Summary (Cash-
Flow Analysis) module. The error bars represent the high alternative-fuel case
compared to diesel, and the low alternative-fuel case compared to diesel.

Cash Flow Chart—Local Share

The Cash Flow Chart—Local Share spreadsheet illustrates the local share
of the incremental cost of one alternative fuel (specified in the General Inputs
module) compared to the diesel baseline, in each calendar year. Error bars
correspond to the low and high alternative-fuel cases compared to the diesel
baseline.
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4 EXAMPLE SCENARIOS

To illustrate the use of FuelCost 1.0, this section presents simple runs of
FuelCost 1.0 using three hypothetical transit bus fleets. These scenarios feature one
small (10 buses), one medium (50 buses), and one large (200 buses) bus fleet, and
the FuelCost 1.0 default values and formulas are used. Printouts of these three
scenarios are in Appendix A. Key results are discussed below.

Small bus fleet scenario

This example scenario, titled "10-bus example case" in the printouts in
Appendix A, is the default scenario in FuelCost 1.0. The bus procurement schedule
for this fleet consists of 10 buses purchased in 1998. The Fuel Price module for this
scenario indicates that CNG fuel costs are lower on a BTU-equivalent basis than
diesel fuel. LNG is approximately the same cost, and LPG, methanol, and ethanol
are all more expensive than diesel fuel.

The Facility Capital Costs Module indicates that CNG and LNG have
median facility costs on the order of $400,000, and methanol, ethanol, and LPG
entail facility costs of between $200,000 and $250,000.

The Costs Module calculates that CNG would require $754,250 more in
bus replacement costs than diesel fuel (10 buses × $70,000/bus, plus sales tax),
with the other alternative fuels requiring between $323,000 and $593,000 in
incremental bus purchase costs.

The charts accompanying this scenario indicate higher costs for all
alternative fuel options, with each alternative fuel except for ethanol entailing
annualized costs of roughly $800,000. The baseline diesel annualized cost is
approximately $620,000.

For more detailed results, refer to Appendix A.

Medium bus fleet scenario

This example scenario is titled "50-bus example case" in the printouts in
Appendix A. The inputs to this scenario are identical to the 10-bus case except that
the bus procurement schedule consists of 25 buses purchased in 1998 and 25
purchased in 2002.

Fuel prices are the same as in the 10-bus case. The Facility Capital Costs
Module shows that CNG and LNG have median facility costs of approximately
$800,000, and methanol, ethanol, and LPG entail facility costs significantly lower
than that.

The Costs Module calculates that CNG would require $3,771,250 more in
bus replacement costs than diesel fuel (50 buses × $70,000/bus, plus sales tax).
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The charts accompanying the medium bus fleet scenario indicate higher
costs for all alternative fuel options, with the alternative fuels having anywhere
from $665,000 to $1,135,000 higher annualized costs than the diesel baseline.
Facilities costs are a very small portion of total annualized costs, even for CNG and
LNG. The primary source for the additional costs associated with the alternative
fuels is vehicle procurement cost for CNG and LNG, and operating cost (primarily
fuel cost) for methanol and ethanol.

For more detailed results, refer to Appendix A.

Large bus fleet scenario

The large bus fleet scenario is titled "200-bus example case" in the
printouts in Appendix A. The procurement schedule for this scenario consists of 50
buses in 1998, 100 buses in 2002, and 50 buses in 2005.

The Facility Capital Costs Module shows that CNG and LNG have median
facility costs of between $2.3 million and $2.4 million, with methanol and ethanol
having facility costs of $782,000, and LPG $1,046,000.

The charts accompanying the large bus fleet scenario indicate higher costs
for all alternative fuel options, with the alternative fuels having anywhere from
$2.5 million to $4.5 million higher annualized costs than the diesel baseline.

For more detailed results, refer to Appendix A.
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5 LIST OF DEFAULT VALUES, PRE-DEFINED
DATA, AND FORMULAS

If the user replaces some default values with fleet-specific data, and then
wishes to revert back to the default values, the user can either make another copy of
the original FuelCost 1.0 workbook file and perform a new cost analysis, or the user
can refer to the list of default values in this section and enter them into the
appropriate cells. This section also contains the pre-defined (unchangeable) data in
FuelCost 1.0. In addition, for users interested in the "inner workings" of FuelCost
1.0, the formulas used in FuelCost 1.0 are shown below as well.

General Inputs Module
Scenario name Default 10-bus example case
Current year Default 1998
Sales tax rate Default 7.75%
Discount rate Default 8.00%
Fueling facility and Default 20 years

maintenance facility life
Annual miles per bus Default 41,667
Required vehicle range Default 400 miles
Are buses parked indoors? Default N
Federal share of diesel-related Default 80%

capital costs
Federal share of alternative-fuel-related Default 90%

capital costs
Unit electricity price Default $0.08/kWh
Demand charge Default $10.00/kW per month
Alternative fuel to use for Default 1 (CNG)

cash-flow analysis

Bus Data Module
Current bus fleet Default 10 buses 1986 and older

Fuel Price Module
Energy content of diesel Pre-defined 128,700 Btu/gal (LHV)
Energy content of CNG Pre-defined 93,000 Btu/therm (LHV)
Energy content of LNG Pre-defined 76,350 Btu/gal (LHV)
Energy content of methanol Pre-defined 57,000 Btu/gal (LHV)
Energy content of ethanol Pre-defined 76,400 Btu/gal (LHV)
Energy content of LPG Pre-defined 83,500 Btu/gal (LHV)
Efficiency penalty for CNG Pre-defined -35%
Efficiency penalty for LNG Pre-defined -30%
Efficiency penalty for methanol Pre-defined -15%
Efficiency penalty for ethanol Pre-defined -15%
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Efficiency penalty for LPG Pre-defined -35%
Fuel economy for diesel Default 4.0 mpg
Fuel economy for alternative Formula (Alt. fuel energy content / diesel energy content)

fuels × (diesel fuel economy / (1 - alt. fuel efficiency
penalty))

Unit diesel price—median Default $0.80/gal
Unit CNG price—median Default $0.326/therm
Unit LNG price—median Default $0.45/gal
Unit methanol price—median Default $0.55/gal
Unit ethanol price—median Default $1.00/gal
Unit LPG price—median Default $0.60/gal
Delivery cost Default $0/gal (default fuel prices are delivered prices)
EPA Superfund excise tax Pre-defined $0.0023/gal for diesel $0/gal for alternative fuels
Unit CNG price—low Default Median CNG price - $0.05/therm
Unit LNG price—low Default Median LNG price - $0.05/gal
Unit methanol price—low Default Median methanol price - $0.10/gal
Unit ethanol price—low Default Median ethanol price - $0.10/gal
Unit LPG price—low Default Median LPG price - $0.10/gal
Unit CNG price—high Default Median CNG price + $0.08/therm
Unit LNG price—high Default Median LNG price + $0.15/gal
Unit methanol price—high Default Median methanol price + $0.15/gal
Unit ethanol price—high Default Median ethanol price + $0.10/gal
Unit LPG price—high Default Median LPG price + $0.10/gal

Facility Capital Costs Module
Fuel required per weekday Formula (No. buses × annual miles per bus)/

(fuel economy × 312 days/yr)
Fueling facility tank capacity

LNG Formula (Fuel required per weekday × 4)
+ 2,000 (rounded to nearest 1,000)

Methanol, ethanol, LPG Formula (Fuel required per weekday × 9)
+ 2,000 (rounded to nearest 1,000)

CNG fueling facility Formula Fuel required per weekday / 4.8
compressor capacity (cfm) (rounded to nearest 100)

Natural gas supply pressure Default 65 psia
Fueling facility capital cost—median

CNG Formula $200,000 + ($120 × Fuel required per
weekday) (rounded to nearest 1,000)

LNG Formula $156,600 + ($113.20 × Fuel required per
weekday) (rounded to nearest 1,000)

Methanol, ethanol Formula $57,600 + ($22 × Fuel required per
weekday) (rounded to nearest 1,000)

LPG Formula $92,000 + ($44 × Fuel required per
weekday) (rounded to nearest 1,000)
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Maintenance facility capital cost—median
CNG, LNG (outdoor parking) Formula $200,000 + ($1,500 × No. buses)

(rounded to nearest 1,000)
CNG, LNG (indoor parking) Formula $200,000 + ($5,500 × No. buses)

(rounded to nearest 1,000)
Methanol, ethanol, LPG (outdoor Formula $115,000 + ($1,150 × No. buses)

parking) (rounded to nearest 1,000)
Methanol, ethanol (indoor Formula $115,000 + ($2,150 × No. buses)

parking) (rounded to nearest 1,000)
LPG (indoor parking) Formula $115,000 + ($3,150 × No. buses)

(rounded to nearest 1,000)
Fueling facility capital cost—low

CNG, LNG Formula Default median facility cost × 0.6, or
User-specified facility cost (if entered) × 0.9

Methanol, ethanol, LPG Formula Default median facility cost × 0.8, or
User-specified facility cost (if entered) × 0.9

Maintenance facility capital cost—low
CNG, LNG Formula Default median facility cost × 0.6, or

User-specified facility cost (if entered) × 0.9
Methanol, ethanol, LPG Formula Default median facility cost × 0.8, or

User-specified facility cost (if entered) × 0.9
Fueling facility capital cost—high

CNG, LNG Formula Default median facility cost × 1.4 or
User-specified facility cost (if entered) × 1.1

Methanol, ethanol, LPG Formula Default median facility cost × 1.2, or
User-specified facility cost (if entered) × 1.1

Maintenance facility capital cost—high
CNG, LNG Formula Default median facility cost × 1.4 or

User-specified facility cost (if entered) × 1.1
Methanol, ethanol, LPG Formula Default median facility cost × 1.2, or

User-specified facility cost (if entered) × 1.1

Costs Module
Incremental cost per bus

CNG—median Default $62,500 if required vehicle range < 350 mi
$70,000 if required vehicle range >= 350 mi

LNG—median Default $55,000
Methanol—median Default $30,000
Ethanol—median Default $30,000
LPG—median Default $40,000
CNG—low Default $60,000 if required vehicle range < 350 mi

$65,000 if required vehicle range >= 350 mi
LNG—low Default $45,000
Methanol—low Default $25,000
Ethanol—low Default $25,000
LPG—low Default $35,000
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CNG—high Default $65,000 if required vehicle range < 350 mi
$75,000 if required vehicle range >= 350 mi

LNG—high Default $65,000
Methanol—high Default $35,000
Ethanol—high Default $35,000
LPG—high Default $45,000

Base diesel bus cost Default $250,000
Fuel cost per mile Formula Fuel price per gallon / fuel economy
Maintenance costs per mile

Diesel Pre-defined $0.40
CNG, LNG, LPG Pre-defined $0.46
Methanol, ethanol Pre-defined $0.52

Annual fueling facility Formula (Fuel required per weekday / 17.937) ×
compression electricity cost ((4,500 / gas input pressure)0.216 - 1) ×

((8 × unit electricity price) + (demand
charge / 30)) × 312 days/yr
(rounded to nearest 100)

Annual fueling facility maintenance cost
Diesel, methanol, ethanol, Formula ($5,800 + Fuel required per weekday

LPG × $0.30) (rounded to nearest 100)
CNG Formula (Fueling facility capital cost × 0.03)

+ $2,000 (rounded to nearest 100)
LNG Formula ($11,500 + Fuel required per weekday

× $2.60) (rounded to nearest 100)
Annualized vehicle Formula Total vehicle replacement costs ×

replacement costs (A/P, discount rate, 12 years)
Annualized facility Formula Total facility costs ×

modification costs (A/P, discount rate, facility life)
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GENERAL INPUTS
10-bus example case

Scenario name 10-bus example case

Current year 1998

Sales tax rate 7.75%

Amortization parameters
Discount rate 8.00%
Fueling facility and maintenance facility life (years) 20

Annual miles per bus 41,667
Required vehicle range (miles) 400

(Enter 300 or 400)

Are buses parked indoors? (Enter Y or N) N

Cost sharing
Federal share of diesel-related capital costs 80%
Federal share of alternative-fuel-related capital costs 90%

Electricity costs (for CNG compressor station)
Unit electricity price ($/kWh) $0.08
Demand charge ($/kW per month) $10.00

Alternative fuel to use for cash-flow analysis 1
(enter 1 for CNG, 2 for LNG, 3 for methanol,
4 for ethanol, 5 for LPG)
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FUEL PRICE
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FACILITY CAPITAL COSTS
10-bus example case
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10-bus example case
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YEARLY COST SUMMARY (CASH-FLOW ANALYSIS)
10-bus example case
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ANNUALIZED COST COMPARISON
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ANNUALIZED COST COMPARISON—LOCAL SHARE
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FUEL COST COMPARISON PER MILLION BTUs
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GENERAL INPUTS
50-bus example case

Scenario name 50-bus example case

Current year 1998

Sales tax rate 7.75%

Amortization parameters
Discount rate 8.00%
Fueling facility and maintenance facility life (years) 20

Annual miles per bus 41,667
Required vehicle range (miles) 400

(Enter 300 or 400)
Are buses parked indoors? (Enter Y or N) N

Cost sharing
Federal share of diesel-related capital costs 80%
Federal share of alternative-fuel-related capital costs 90%

Electricity costs (for CNG compressor station)
Unit electricity price ($/kWh) $0.08
Demand charge ($/kW per month) $10.00

Alternative fuel to use for cash-flow analysis 1
(enter 1 for CNG, 2 for LNG, 3 for methanol,
4 for ethanol, 5 for LPG)
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50-bus example case
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GENERAL INPUTS
200-bus example case

Scenario name 200-bus example case

Current year 1998

Sales tax rate 7.75%

Amortization parameters
Discount rate 8.00%
Fueling facility and maintenance facility life (years) 20

Annual miles per bus 41,667
Required vehicle range (miles) 400

(Enter 300 or 400)

Are buses parked indoors? (Enter Y or N) N

Cost sharing
Federal share of diesel-related capital costs 80%
Federal share of alternative-fuel-related capital costs 90%

Electricity costs (for CNG compressor station)
Unit electricity price ($/kWh) $0.08
Demand charge ($/kW per month) $10.00

Alternative fuel to use for cash-flow analysis 1
(enter 1 for CNG, 2 for LNG, 3 for methanol,
4 for ethanol, 5 for LPG)
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200-bus example case
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The Transportation Research Board is a unit of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engineering. The Board's mission is
to promote innovation and progress in transportation by stimulating and conducting research,
facilitating the dissemination of information, and encouraging the implementation of research
results. The Board's varied activities annually draw on approximately 4,000 engineers, scientists,
and other transportation researchers and practitioners from the public and private sectors and
academia, all of whom contribute their expertise in the public interest. The program is supported by
state transportation departments, federal agencies including the component administrations of the
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development of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the furtherance
of science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the
federal government on scientific and technical matters. Dr. Bruce M. Alberts is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and
research, and recognizes the superior achievements of engineers. Dr. William A. Wulf is president
of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given to the
National Academy of Sciences by its congressional charter to be an adviser to the federal
government and, upon its own initiative, to identify issues of medical care, research, and education.
Dr. Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy's purpose of
furthering knowledge and advising the federal government. Functioning in accordance with general
policies determined by the Academy, the Council has become the principal operating agency of
both the National Academy of Sciences and the National Academy of Engineering in providing
services to the government, the public, and the scientific and engineering communities. The
Council is administered jointly by both the Academies and the Institute of Medicine. Dr. Bruce M.
Alberts and Dr. William A. Wulf are chairman and vice chairman, respectively, of the National
Research Council.

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
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