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TRANSIT COOPERATIVE RESEARCH PROGRAM

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

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

TCRP was established under FTA sponsorship in July 1992. Pro-
posed by the U.S. Department of Transportation, TCRP was autho-
rized as part of the Intermodal Surface Transportation Efficiency Act
of 1991 (ISTEA). On May 13, 1992, a memorandum agreement out-
lining TCRP operating procedures was executed by the three cooper-
ating organizations: FTA the National Academies, acting through the
Transportation Research Board (TRB); and the Transit Development
Corporation, Inc. (TDC), a nonprofit educational and research orga-
nization established by APTA. TDC is responsible for forming the
independent governing board, designated as the TCRP Oversight and
Project Selection (TOPS) Committee.

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

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

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

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

By S. A. Parker
Staff Officer
Transportation Research Board

TCRP Report 146: Guidebook for Evaluating Fuel Choices for Post-2010 Transit Bus Pro-
curements and its accompanying life-cycle costs and life-cycle emissions model spreadsheet
(FuelCost2) will be of interest to transit managers, policymakers, operations and mainte-
nance professionals, and others considering the deployment of, or conversion to, alterna-
tive fuel buses. The guidebook and FuelCost2 are intended for individuals who, while being
quite knowledgeable about the transit industry, may not be familiar with alternative fuels
and implementation issues. The guidebook and FuelCost2 provide tools to simplify the
process of developing an alternative fuel strategy by clearly identifying the issues, and the
costs and benefits associated with the conversion to various available alternative fuel tech-
nologies. This report updates, expands on, and replaces TCRP Report 38: Guidebook for
Evaluating, Selecting, and Implementing Fuel Choices for Transit Bus Operations.

There are many factors that may affect fuel choice decisions. Particularly for public transit
agencies that receive essential funding from the local government, local policies can over-ride
all life-cycle economic or emissions analyses. Life-cycle cost analyses can provide easy-to-
understand comparisons to help decision makers see the overall costs of different policies.

This guidebook begins with an overview of how to choose a transit bus fuel, followed by
13 chapters, each addressing one particular fuel or powertrain type. In each fuel or power-
train chapter, readers will find a fuel description; fuel usage; safety and training; technology
and performance; maintenance, reliability, and storage; emissions; and cost and availabil-
ity. A summary table of pros and cons concludes each chapter. Each chapter can be read on
its own as a stand-alone document, allowing users to concentrate on chapters that focus on
their primary interests. The data provided in each fuel-specific chapter provides the basis
for default values used in the FuelCost2 lifecycle spreadsheet.

FuelCost2 has been developed to assist transit operators in assessing their bus fuel choices.
A number of workshops were held in conjunction with CTAA and APTA to field test draft
versions of FuelCost2, which provides life-cycle costs and life-cycle emissions of various bus
fuel and powertrain options.

The components of this report available at http://www.trb.org/Main/Blurbs/165390.aspx
include the following:

o The FuelCost2 life-cycle costs and life-cycle emissions spreadsheet;

e The guidebook, which provides introductory information on the fuel and powertrain
choices in FuelCost2;

e A user’s guide in the form of slides that provide more detailed instructions on FuelCost2 use
and tips for adapting FuelCost2 for other applications (e.g., small buses and vans); and

* A 2-page set of instructions for using FuelCost2.
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for printing. The electronic version of the report (posted on the Web at www.trb.org) retains the color versions.
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Contents

e Introduction to TCRP C-19

e Basic Use of FuelCost2

e Advanced Use of FuelCost2

e Changes that Cause Critical Errors

e Changes for Other Vehicles

e Changing Technology Maturity Ranks

TCRP C-19

Objective

To assist in assessments of alternative fuel buses for
2010 and beyond by updating and expanding TCRP
Report 38 (1998)

e Guidebook
e Cost-model spreadsheet (FuelCost)
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Fuels/ Powertrains

The Guide and Spreadsheet tool calculates
lifecycle costs of 40-ft bus purchase options:

Fuels Powertrains

e Diesel e Conventional

e Biodiesel e Hybrid Electric

e Gasoline o All-Electric (battery)

e Ethanol e Catenary electric (trolleybus)
e CNG e Fuel Cells

o LNG

o LPG

o DME

e Hydrogen

The Model: FuelCost2

» An Excel file

b Basic use is largely self-evident — requires
minimal Excel experience

» More advanced applications possible —
requires moderate Excel experience
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7 Worksheets

» Sheets for cursory comparisons
o INPUT Basic
e OUTPUT
e Graphs

> For more detailed assessments
e INPUT Detall

> For advanced use
e Default Data

e Fuel Economy
e Calculations

FuelCost2 Use Requirements

+» Microsoft Excel 2000, 2003, 2007,
or 2010

“» Security settings must be set to
allow operation of macros
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Confirm if Macros are Enabled 8

1. Click on the “INPUT Basic” sheet (one of the tabs at the bottom of the screen)

2. Click the arrow to the right of the first question — if a drop-down box appears,
macros are enabled, otherwise, you must change Excel’'s security level.

' 4

Excel Security Settings: Pre-2007

If the Excel Security settings are set to “Low”, there will be no security pop-up
boxes, and macros will work.

For some older versions of Excel, if the security level is extremely high,
no security pop-up boxes may appear, and macros won't work.

If Excel Security Settings x|

H H "Ci\Documents and SettingsibratvolddiDeskiopiFuelCostz betadh, xls"
are Medium, the_ following - _-ioteementss
pop-up boxes will appear:

Click “Enable Macros”

Macros may conkain viruses, It is usually safe to disab) cros, but if the
macros are legitimate, wou might lose some functio

Enable Macros More Info
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10

Excel Security Settings: Pre-2007

-

If Excel Security
settings are High or
Very High, one of the
following pop-up
boxes may appear.

Click “OK”

=

To adjust Excel Security settings in Excel 2000 or 2003, click 11

“Tools”, “Options” . . . ,

Copyright National Academy of Sciences. All rights reserved.
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12

Excel Security Settings: Pre-2007

=

Calculation | Edit | Genetal I Transition I Custom Lists

Show Select the “Security” tab,

l_ arty| as ane I— ormula bar I— atus bar I— indows in Tasl - 13 - i1}

o senplmime Wit MR AR Click “Macro Security” . . . .
C e & Conmon ncor iy (PR 21

Objects
& Show all " Show placeholders

Color I International I Save | Error Checking I Speliing

i

e I Calculation I Edit I General | Transition | Custarn Lists

Color | International | Save I Errar Checking | Speling

Whipdlegs o File encryption settings for this workbook
[~ Page breaks ¥ Row & column headers

Password to open: l— o "
™ Formulas ¥ utline symbals Advanced. .. |

v Gridlines ¥ Zero values File shating settings For this workbook,

Gridlines color: | Autornatic vl Password to modify:

™ Read-only recommended

Digital Signatures...

Ptivacy options

I Remave personal information From file properties on save

Macto security

Adjust the security level For files that might contain macro viruses Macra Security. . |
and specify names of trusted macro developers.

13

Excel Security Settings: Pre-2007

Click “Medium”, and then “OK” in each pop-up box.
2l

Security Level | Trusted Publishers |

Close Excel (you don't need to
“save” the file).

£ Yery High, ©nly macros installed in trusted locations will be allowed
ta run. All ather signed and unsigned macros are disabled. | |

T .
” High. Only signed macros from trusted sources will be allowed ko Error Re-o pen Excel for the new Settlngs
signed macros are automatically disabled. - to take effect

can choose whether or not to run potentially unsafie
Advanced. .. |

£ Low {not recommended), You are not protected from potentially
ungafe macros. Use this setting anly if you hawve virus scanning
software installed, or you have checked the safety of all documents

you open,
\ erties on save

Cancel | ;tain e Macro Securiby, ..

Ok | Cancel |
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14

Excel Security Settings: 2007 & Up

™

15

Excel Security Settings: 2007 & Up
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16

Excel Security Settings: 2007 & Up

If you don't see the “Security Warning” Ribbon, Click the “Developer Tab”
Then click “Macro Security”.

17

Excel Security Settings: 2007 & Up

Select “Disable all macros with notification.” Click “OK”

Close Excel (you don't need to “save” the file). 1

Re-open Excel for the new settings to take affect
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Excel Security Settings: 2007 & Up

w

If you don't see the Security
Warning Ribbon and
you don't see the “Developer” Tab:

Click the “Office Button”, then
Click “Excel Options”

19

Security Settings: Excel

Select “Show Developer . . .”
Click “OK”

— —=> Then click the “Developer” tab
and follow the previous steps

4
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INPUT Basic Sheet

20

» Initial Input: Agency ownership type, labor rate, rate of return

b For each option (A,B,C): Bus length, Mileage, Tax rate, Powertrain

INPUT Basic Sheet

21

» When powertrain isn’t all-electric, select on-board fuel,
next questions vary with selection.

Copyright National Academy of Sciences. All rights reserved.

-1


http://www.nap.edu/22882

Guidebook for Evaluating Fuel Choices for Post-2010 Transit Bus Procurements

C-12  Guidebook for Evaluating Fuel Choices for Post-2010 Transit Bus Procurements

22
INPUT Basic Sheet
» When powertrain isn’t all-electric, select on-board fuel,
next questions vary with selection.
23

INPUT Basic Sheet

V4
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INPUT Basic Sheet

24

» Enter fuel economy and fuel price

OPTION A:

Powertrain Type (Select One)

“ Conventional Combustion Engine © Catenary Electric (Trolley bus)
<" Hybrid Electric — Combustion Engine ¢ Battery Electric
" Hybrid Electric — Fuel Cell

On Board Fuel:

Estimated Fuel Economy: l:lmﬁes/gai Fuel Economy HELP |

Bus Length
Annual Mileage per bus

Federal Tax Rate: %
Local Property Tax Rate: %

Powertrain Type (Select One)

“ Conventional Combustion Engine © Catenary Electric (Trolley bus)
<" Hybrid Electric — Combustion Engine ¢ Battery Electric
" Hybrid Electric — Fuel Cell

On Board Fuel:

Estimated Fuel Economy: l:lmﬁes/gai

Estimated Fuel Price: (include taxes) Price Project Years
Note : the last listed contract price Contract Sigal From To Click to use
will be used for the remainder of 1 5272 1 1 Default Fuel
the the project life (calculated Eraz
based on delivery schedule and 2 $2.712 5 10
bus life} 3 $2.72 11 16
25
INPUT Basic Sheet
» Enter fuel economy and fuel price
OPTION A: Bus Length

Estimated Fuel Price: (include taxes)

Price Project Years
Note : the last listed contract price Contract Sigal From To
will be used for the remainder of
the the project life (calculated 1 T i &
based on delivery schedule and 2 $2.712 5 10
bus life) 3 $2.72 1 16

Annual Mileage per bus
Federal Tax Rate: %

Local Property Tax Rate: %

Click to use
Default Fuel
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INPUT Basic Sheet

26

» Enter project schedule and financing

INPUT Basic Sheet

27

» Enter project schedule and financing
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After Entering Basic input

28

> Lifecycle costs
> Lifecycle emissions

b Based on use default data

project.

» View cursory comparisons (up to 3 options)

» Provides a starting point for comparisons

> Key Limitation! Default data is rarely good for a specific

For higher-level analyses, use “INPUT Detail” sheet

INPUT Detail

29

» Default data provided for each selected option

New Vehicle $ibus

Converted Vehicle $ibus

Extended Warranty $/bus

Depot & Fueling Conversion $

ILED INPUT Reset Option A Reset Option B Reset Option C
ills turn WHITE when edited by the user.
A B C
P. rrain: Conventional Combustion [ Hybrid Electric - Cq Co I C
owertrain: Engine Engine Engine
Fuel: Diesel Biodiesel CNG
20%
Default Data Quality: Moderate Moderate Moderate
% cost paid by % cost paid by

AL Costs purchaser purchaser

Copyright National Academy of Sciences.
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A B cC
Conventional Combustion | Hybrid Electric -- Combustion| Conventional Combu
— Engine Engine Engine
Input Detail
20%
Moderate Moderate Moderate

Default data provided for each selected option

Four Ways to Account for Subsidies

1. Adjust price to include subsidy

2. Enter % cost paid by owner

3. Enter Annual subsidy value ($/yr)
4. Enter a lump sum subsidy value

31

FuelCost2 Output

Based on “Input Basic” entries and
default data or data entered on “Input Detail”

e Lifecycle costs
e Lifecycle emissions
e Relative (ranked) external costs

Copyright National Academy of Sciences. All rights reserved.
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Output

32

Output

33
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34

Output

Quick version of
“Key Assumptions”
prints on same
page as the
summary output
tables

35

Output

Lower rows of OUTPUT sheet
display all input data — these
print on a second page, and
can be used to fully compare
and re-create the modeled
scenarios.
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Graph ’
Project Life: Total Cash Outflows
Project Life: Capital Costs Project Life: Other Costs
37

Graphs

Project Life: Offsets (Cost reductions) Year 6 O&M Costs

Project Life: Exhaust Emissions
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38

Advanced Use of FuelCost2

» Sheets that allow greater tailoring
e Default Data
e Calculations
e Fuel Economy

» Password-protected sheets to prevent
accidental changes

» The password is “test”

39

Default Data Sheet

= Row Headers (Column D) — must include cells with
identical headers to “Input Detail”, Column D. (Extra
Default Values row headers are okay)

® Column Headers (Rows 5 and 6) — must contain the
same text values as shown for powertrain and fuel
choices on “INPUT Basic”. (Extra Default Values
Column headers are okay)

® Data Quality (Row 4) — conditional formating, for
“Moderate” and “Limited”.

= Facility Capital Costs — The $/50 buses (Row 11) is
the same units shown in the Guidebook. Rows 12 and
13 are used by a macro to calculate costs based on
the total number of scheduled bus purchases (on
“Input Basic”)

® Tech Maturity Rankings and 60-ft bus multipliers —
in the far right columns

Copyright National Academy of Sciences. All rights reserved.
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on speed)

economy.

efficiency

peak hotel-load months.

Fuel Economy Sheet

" Fuel Economy Estimates for All-Electric (i.e.,
battery electric and catenary — trolleybus) are based
on previous-generation technology, and are only
adjusted by hotel load months (no adjustment based

= Conventional and Conventional Hybrids — fuel
economy estimates based on TCRP C-15 (Report
132) equations relating average speed and fuel

* Original equations for conventional diesel and
CNG, and hybrid diesel and gasoline

* Fuel economy for other fuels is adjusted based on
energy content and relative differences in engine

= Fuel Cells — double conventional fuel economy.
® Hotel Load Adjustments — roughly based on C-15

Calculations Sheet

® Option A -- Rows 2 to 36 (Col B to AB)
= Option B -- Rows 38 to 72 (Col B to AB)
= Option C -- Rows 74 to 108 (Col B to AB)

® Indirect Costs Ranking — to the right,
Columns AD to AH

= Other reference cells — Column AJ and
beyond, for tax depreciation tables and
named range used in equations to
calculate interest and principle payoff.

Copyright National Academy of Sciences. All rights reserved.
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42

Changes that Cause Critical Errors

> Array equations on the “Calculations” sheet
» Array equations have outer curly brackets { }

» If you click on an array cell as for editing the contents, you must
exit the cell by either:

= Press “Esc”, or

= pressing together: “Ctrl”, “Shift”, “Enter” (this key
combination tells Excel this is an “array” and { } is
automatically added.)
» If you just press “Enter”, the { } will be lost, and the equation will
no longer work as an array

» If you press “Enter” accidentally, you can click “Undo”
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Changes that Cause Critical Errors

> Row and Column Headers on

“INPUT Detail” and “Default Values”

e Must be the same header text for the macro to properly fill
“INPUT Detail”

e Don't need to be in the same order (the macro uses a “Find”
method)

» Default Values, Row 3
e Combines powertrain and fuel (written in white text)
e Used by the macro to fill in INPUT Detail data
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a4

Worksheet Flow

Column
Headers
Fuel
INPL_JT Choice INPU_T Column
Basic Detail Headers

Fuel Choice l OUTPUT ‘
Fuel Choice . Bus Length ety (tables) Graphs
Bus Length (entries or
default)
Fuel
Economy
Lifecycle
Fuel & Pwrtr Default calculations
Choice Data
Fuel Default Calcula-
Economy Data tions
Bus length
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Changes for Other Vehicles

1. INPUT Basic Sheet — change the drop-down choices for
Bus Length

2. Default Values — Two Approaches:

e Easier -- Use a multiplier to convert 40-ft bus data (as
is done for 60-ft buses), or

e Harder -- Change all data that are affected by bus
length to represent new length — this changes the
“standard” vehicle shown on Default Data sheet
(currently 40-ft bus).

3. Fuel Economy Sheet — change equations if you will be
using the fuel economy “Help” button on Input Basic
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1. Change Bus Length Menu

46

On the INPUT Basic Sheet:
1. Select Columns P:R (they should be highlighted)
2. Right click while keeping mouse over selected area
3. Click “Unhide”

(To “Hide” again, Select Col Q, Right click, Select “Hide”)

1. Change Bus Length Menu (con’t)”

>

vVYyy

v

INPUT Basic Sheet, Cells Q12:Q13 --

This is the text used in the Bus Length drop-down menu
Changes in these cells will change the drop-down menu
The menu is set to read only 2 “lengths”

The first “length” (Q12) is the “standard”, and refers to the data on
DefaultValues sheet

The second “length” (Q13) is calculated as a multiplier applied to the
“standard”
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2. Easy Way to Adjust Default Data

s

W ~ @ (;m

il
12
13
14
15
16
17
18
19

20
21

AP

AQ

[tem

AR
Adjustments for 25-ft

r

Multiplier

Bus Life

none

Fuel Economy Adjuster

0.81

MNew Vehicle

15

Extended Warranty

none

Depot & Fueling Conversion

none

Equipment

none

none

Fuel Price (after tax)

none

Bus Maintenance

none

Facility Maintenance

none

Safety Training

none

Learning Curve Cost:
Muliplier to non-fuel annual
costs

none

Sl it L

Apply multipliers to adjust 40-ft
bus data to values for another
vehicle . ..

DefaultData Sheet — Columns
AQ and AR

» Confirm that AR1 shows the
new “length” (needs to match the
drop-down list text exactly, doesn’t
need to be a length, e.g., “van”)

b Enter multipliers in Column AR
for each item

49

2. Harder Way to Adjust Default Values

DefaultValues Sheet — Columns F to AH

» Makes another vehicle type replace the current
standard (i.e.,40-ft bus data)

Consider: (to help assure appropriate relative values)

- Establish default value for a “base” option, i.e., one column
(fuel/powertrain combination) and set other default values relative
to the base value

Example: the price of a new gasoline bus (Cell H9)
Cell H9 = F6 * 0.75 (where F6 is the price of the conventional fuel)

Set default values for other powertrains as a value that is relative to
a base powertrain (i.e., as an equation)

Copyright National Academy of Sciences. All rights reserved.
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3. FuelEconomy Sheet Adjustments 5

0

Adjust fuel economy calculations
for the new vehicle length . . .

b Easy Way—no changes, just let
fuel economy be adjusted based
on the multiplier entered on
DefaultValues, Cell ARS8 (as is
currently done for 60-ft buses)

p-Harder Way — change the
polynomial curve constants in
cells C33 to F35 to represent
the “new” vehicle type.

Rank Changes

Technology Maturity o

» Relative rankings on Default
Values sheet, Columns AK
to AO

»Change ranked values as
desired

»If more than 4 ranks are used,
equations for rank
assessments will need
expansion on the Calculations
sheet, Columns AD to AH
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AAAE
AASHO
AASHTO
ACI-NA
ACRP
ADA
APTA
ASCE
ASME
ASTM
ATA
ATA
CTAA
CTBSSP
DHS
DOE
EPA
FAA
FHWA
FMCSA
FRA
FTA
HMCRP
IEEE
ISTEA
ITE
NASA
NASAO
NCFRP
NCHRP
NHTSA
NTSB
PHMSA
RITA
SAE
SAFETEA-LU

TCRP
TEA-21
TRB
TSA
US.DOT

Abbreviations and acronyms used without definitions in TRB publications:

American Association of Airport Executives
American Association of State Highway Officials
American Association of State Highway and Transportation Officials
Airports Council International-North America
Airport Cooperative Research Program

Americans with Disabilities Act

American Public Transportation Association
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

Air Transport Association

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Department of Homeland Security

Department of Energy

Environmental Protection Agency

Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Hazardous Materials Cooperative Research Program
Institute of Electrical and Electronics Engineers
Intermodal Surface Transportation Efficiency Act of 1991
Institute of Transportation Engineers

National Aeronautics and Space Administration
National Association of State Aviation Officials
National Cooperative Freight Research Program
National Cooperative Highway Research Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Pipeline and Hazardous Materials Safety Administration
Research and Innovative Technology Administration
Society of Automotive Engineers

Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (2005)

Transit Cooperative Research Program
Transportation Equity Act for the 21st Century (1998)
Transportation Research Board

Transportation Security Administration

United States Department of Transportation
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