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EXECUTIVE SUMMARY 
 

Problem Statement 
Over the past decade, transit bus fleets in the United States have been impacted by new legislation, 
including stricter exhaust emission rules for heavy-duty vehicles and mandated reductions in the sulfur 
content of diesel fuel.  The revised standards, along with rising fuel prices and growing concern over air 
quality and global climate change, encouraged transit system operators to investigate new approaches 
regarding vehicle acquisition decisions and fleet maintenance practices.  By 2006, the Florida 
Department of Transportation (FDOT) Public Transit Office completed a preliminary analysis of these and 
other issues to gain insight into anticipated bus procurement needs among Florida’s transit fleets.  As part 
of this effort, the University of South Florida Center for Urban Transportation Research (CUTR) developed 
an experimental fuel options cost modeling tool intended for use by transit analysts to compare life-cycle 
costs across various conventional and alternative technologies.  At that time, many operators already 
devised contingency plans (including engine modifications, particulate filters, etc.) to comply with new fuel 
and emissions requirements.  Since the inception of the original model, significant advances in technology, 
wider implementation of new vehicles, and considerable fluctuation of fuel prices transpired.  These 
occurrences renewed interest in the availability of an easy-to-use planning and analysis tool.  As such, the 
development of an updated and finalized version of the original cost modeling tool is warranted.   

Project Objective 
The main objective of this research effort is to develop an analysis tool to assist public transit agencies 
with evaluating cleaner fuel options for heavy-duty bus fleets and making effective vehicle acquisition 
choices.  The intended product of this effort is a user-friendly, easily-modifiable Visual Basic computer 
application designed to work with the Microsoft Excel platform.  Building off an earlier version of the 
model and utilizing the results of current investigative activities, the planning tool comprises a life-cycle 
cost calculator, a sensitivity analysis, and a summary of pollutant emissions.  A supplemental objective, 
added later in the project period, is to review the potential for a hydrogen bus demonstration project to 
be hosted by a Florida transit agency.    

Research Methods and Outcome 
This project consists of several tasks.  First, CUTR examined recent developments among alternative fuel 
options most likely to be implemented by transit agencies.  Because the original intent of this project is to 
update an earlier study, researchers also reviewed options related to the previous effort.  CUTR added, 
revised, and retained some fuel options and removed others no longer relevant to the study.  Next, 
researchers categorized the options according to physical state and included the following selections in 
the final investigation:   

Liquid Fuels Gaseous Fuels Electric Propulsion Systems 
⋅ ultra low sulfur diesel (ULSD) ⋅ compressed natural gas (CNG) ⋅ hybrid electric 
⋅ biodiesel (B20) ⋅ liquefied natural gas (LNG) ⋅ battery electric 
⋅ ethanol (E85) ⋅ hydrogen ⋅ hydrogen fuel cells 



Monitoring the Implementation of Cleaner Fuels and Alternative Transit Vehicle Technologies 
 

Center for Urban Transportation Research  
Page vi 

For each fueling alternative, the final written report presents vehicle technologies, operating concerns, 
infrastructure requirements, and maintenance costs.  Researchers also included growth trends, relevant 
legislation, and other noteworthy data.     

Another component of this research effort reported on current prices, recent cost trends, and general 
availability regarding each fuel option.  While serving as a comparative resource for transit groups 
considering various alternative fuels, this segment of the investigation also provides baseline data for the 
updated fuel options cost model.  Default values in the model included the most recent average national 
fuel prices.  Researchers expected fuel prices to generally trend upward over the course of the project 
term; however, actual observations revealed extreme variations during the period.  Record high prices 
and dramatic price decreases are illustrated in the figure below.  At the time of this publication, the 
cause of such wide price fluctuation remains under debate, and current prices appear to have stabilized 
near 2006 levels.         

 
Source: United States Department of Energy – Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

The fuel price report also includes the most current available pollutant emissions data.  The revised model 
contains emissions default values measured in grams per mile.  Unfortunately, no transit agency was able 
to provide emissions data directly to CUTR.  As a result, default figures included in the model represent 
summaries of prior study results.  Considering the circumstances, this approach is acceptable, but far from 
ideal.  As such, researchers encourage model users to take advantage of the flexibility of the tool and 
insert the most current emission data available prior to conducting an analysis. 

Vehicle life cycle data, including capital- and operating costs, comprise the majority of variables in the 
fuel options cost model.  For the updated analysis tool, CUTR assembled a composite heavy-duty bus 
fleet of almost 6,000 vehicles from over 30 U.S. transit agencies.  Vehicle types included diesel, 
biodiesel, CNG, LNG, and various hybrid-electric configurations.  Typical 40-foot transit bus models 
comprised almost the entire fleet.  The default database included a very low number of less-than-forty-
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foot buses and no articulated buses.1  Based on composite fleet data, researchers calculated critical 
assessment factors and inserted the results into the analysis tool as default variables.  Specific cost factors 
include vehicle acquisition costs, replacement parts and fueling facility construction costs; variable life-
cycle operating costs for fuel, vehicle maintenance, and vehicle parts; and facility operating costs for 
alternative fueling facility maintenance and modifications.  Researchers calculated operating costs on a 
life-to-date (LTD) average annual basis.  The model defaults also include fuel economy and usage trends 
(vehicle mileage) for the analysis.              

With operating expenses, fuel costs, emissions rates, and life-cycle cost factors established, updates to 
the fuel options cost model advanced.  With the revised application now referred to as the Bus Fuels Fleet 
Evaluation Tool (BuFFeT©), the analysis progresses through six steps:   

1. The user enters unique identifiers and selects the alternative fuel(s) of interest for comparison. 
2. The user provides information regarding the current and programmed bus requisition schedule. 
3. The user inputs vehicle life cycle variables, capital costs, maintenance and operating costs, and 

fuel costs.  For any unavailable variables, the model uses pre-programmed default values, as 
necessary. 

4. Based on the fleet composition and the variable inputs, the model computes total capital costs, 
total and average annual per mile operating costs, total and average annualized costs, and the 
total and average local share of annualized costs. 

5. The model generates a comparison of bus emissions, including values in grams per mile for the 
mean, standard deviation, minimum, and maximum relevant to each critical pollutant. 

6. The model also includes an optional fuel cost sensitivity analysis.  The result includes a graphical 
display for each analyzed fuel type, which indicates the range around the mean of each 
expected cost.  

The BuFFeT© interface follows a simple, straight-forward design.  Upon launching the analysis, the user 
creates a unique title for the analysis and enters other identifying information.  Subsequent analysis trials 
may be labeled according to specific data inputs, which allows for easy comparison.  Next, the user 
selects some or all alternative fuel options for the comparison analysis.  Then, the user enters the number 
of buses in the existing fleet.  BuFFeT© provides space for 12 previous model-years, and the model 
assumes a 12-year life span and a one-to-one vehicle replacement schedule.   However, the user may 
provide a customized bus replacement schedule, if necessary.   

Next, BuFFeT© analyzes a series of parameters.  First, the analyst user enters life cycle variables, 
including cost share percent, discount rate, bus life expectancy in years, average annual miles, 
anticipated alternative fueling facility life, and battery life and cost for hybrid electric vehicles.  
Additional parameters included by fuel or propulsion type are capital costs for bus acquisition and 
fueling facilities, other costs, and maintenance and operating costs, such as per mile labor and per mile 
parts costs, and fueling facility costs.  Finally, BuFFeT© includes parameters for each fuel, such as fuel 

                                             

 

1 Data from articulated vehicles were included in the alpha version of the updated fuel options cost model; however, this was 
shown to have a confounding effect on the analysis results.  As such, articulated buses were removed from the composite bus 
fleet.   
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efficiency and fuel cost.  Overall, the model defaults to pre-programmed default values for any un-
entered or unavailable user variables. 

Using fleet composition data and the critical variable inputs, BuFFeT© performs calculations and presents 
an output spreadsheet to display total capital costs, total and average annual per mile operating costs, 
total and average annualized costs, and the total and average local share of annualized costs.  The 
model also shows analysis results in graphical comparison illustrations.  The model output includes a 
summary of bus emissions, which compares emission rates in grams per mile, total annual emissions in tons 
per year, emission cost per ton, and total annual emission cost for each critical pollutant.  Lastly, the 
analyst user may use BuFFeT© to generate a sensitivity analysis.  Here, results indicate the range around 
the mean value of each expected fuel cost, and the output consists of graphical displays by fuel type. 

Although BuFFeT© operates under basic assumptions and default values, the tool is designed to be fully 
customizable.  With each analysis trial, the analyst user may enter unique values for some or all of the 
critical variables that drive the tool.  As such, the tool is flexible and offers utility to a variety of transit 
agencies.     

Benefits 
At the conclusion of this research project, CUTR delivered a versatile analysis tool that is easy to 
distribute and may be used by a diverse group of transit agencies.  BuFFeT© enables the analyst user to 
quickly perform life-cycle cost calculations for heavy-duty transit buses and compare the results across 
various fuel and propulsion alternatives.  The analysis output displays results as numerical spreadsheets or 
in a series of graphical bar charts.  The tool also includes an optional sensitivity analysis regarding fuel 
prices and a comparison of pollutant emissions generated by each vehicle type.  The outcome of each 
analysis may be used to support transit agency choices related to bus acquisition or regular operations.  
The complete written final report also includes a step-by-step BuFFeT© user guide, supporting 
background data, and sample analyses.    
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CHAPTER ONE | INTRODUCTION 
 

 

The Florida Department of Transportation (FDOT) Public Transit Office contracted with the Center for 
Urban Transportation Research (CUTR) at the University of South Florida to investigate operational costs 
and implementation needs related to current and emerging technologies in the field of cleaner fuel 
options for public transit fleets.   Specifically, CUTR was tasked with monitoring the implementation of 
ultra low sulfur diesel fuel (ULSD), tracking maintenance and fuel costs of alternative fuel buses, and 
updating an analysis tool created under a previous research contract.  Supplemental tasks included 
specific fact-finding efforts, periodic status reporting to interested Florida transit groups, and performing 
sample analyses for transit operators, upon request.  The submission of this final report represents the 
completion of all tasks and objectives outlined in the original scope of work agreed to by FDOT and 
CUTR.   

Background 
Over the past decade, urban transit bus fleets in the United States have been affected by rule-making 
and public policy awareness efforts to modify exhaust emission requirements.  Specifically, tighter 
standards for diesel bus fleets, along with new mandates for petroleum diesel fuel with much lower sulfur 
content, have had a direct impact on vehicle acquisition and fleet maintenance efforts engaged by transit 
system operators.  By 2006, FDOT completed a preliminary analysis of these and other issues to gain 
insight into anticipated bus procurement needs among Florida’s transit fleets.  As part of this earlier 
effort, CUTR developed a cost analysis model for use by transit planners to compare life-cycle costs 
across various conventional and alternative technologies.  At that time, many operators were considering 
contingency plans, including engine modifications, particulate filters, etc., to comply with new fuel and 
emissions requirements.  In addition, relevant performance data and in-service experiences were 
somewhat limited.  Ensuing years have seen rapid advances in technology, wider implementation of new 
vehicles, and considerable fluctuation in fuel prices.  As such, more timely and accurate data became 
available, and an update to the original cost modeling tool was warranted.       

Project Overview 
The intent of this research project was to provide an updated alternative fuels planning resource to the 
FDOT Public Transit Office and to Florida transit operators.   Specific terms of the project directed CUTR 
to collect, analyze, and share information on the implementation of new and modified fuels, and 
alternative and developing technologies over a period of 30 months.  Researchers monitored 
developments among alternative fuels and compiled up-to-date cost information, which should allow 
transit agencies to better evaluate available and emerging alternative bus technologies.  This research 
effort comprised several concurrent tasks, which routinely shared new information with FDOT, as well as 
with the Florida Maintenance Training Consortium (FMTC).  CUTR relied on prior experiences with 
alternative fuels to devise a multi-step effort, including: monitoring and reporting on fuel prices, 
availability and ULSD maintenance costs; tracking hybrid-electric bus operating costs, semi-annual 
reporting on cost trends, and an update to the fuel cost options model developed previously.  In addition 
to the original project mandates, an additional component was developed that called for CUTR to 
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investigate the potential for a hydrogen bus demonstration project to be administered by a transit 
agency within Florida.   

Report Organization 
This report includes five chapters, along with references and appendices.  The first chapter provides a 
brief introduction to the project, and the second focuses on recent advances among transit-related 
alternative fuel technologies including information compiled from interviews, informal surveys, and 
scholarly literature.  The third chapter includes a report on fuel prices, availability, and emissions 
associated with various alternative fuels and propulsion systems.  The fourth chapter documents the 
updated fuel options cost model, including: the methodology and evaluation criteria driving the tool, 
critical life-cycle cost factors within the model, and a user’s guide to the final product.  The fifth chapter 
concludes the report and presents a series of final comments and recommendations.  Lastly, two 
appendices are included.  The first appendix addresses critical aspects of a hydrogen bus demonstration 
project and how these might be applied to an effort in Florida.  The second appendix consists of sample 
analyses computed using the updated fuel options cost model.                
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CHAPTER TWO | BACKGROUND AND RECENT 
DEVELOPMENTS IN ALTERNATIVE FUEL OPTIONS 
 

 

The following chapter addresses background information for this research project.  The first portion 
presents an overview of the research approach.  Later, the chapter describes current advances in 
alternative fuels and propulsion systems that are most likely to be considered for deployment by transit 
systems.  Where applicable, past studies are discussed in terms of the latest advancements in the field.  A 
summary of ongoing developments in supporting technologies is also included.  Where relevant, each 
section incorporates knowledge gained during the data collection effort for this project.  Lastly, the 
chapter briefly discusses early fueling alternatives that are now generally deemed to be less feasible 
options for transit.     

Purpose 
The original scope of work for this project directed CUTR to report on the current state of several 
alternative fuels, vehicle types, and propulsion systems available to transit operators as a reasonable 
substitute for the traditional heavy-duty petroleum diesel bus.  As such, researchers organized the 
following chapter to serve as a brief, yet comprehensive, resource for FDOT in these areas.  To meet this 
goal, the following sections include a general overview of each technology with special attention paid to 
recent advancements in each area.  However, the sections are structured to prevent the reader from 
being overwhelmed with large amounts of highly technical data.  References are precisely noted to direct 
the reader to expanded sources of information.  Data presented in this chapter also provide the 
foundation for analysis methods employed later in the report.      

Research Approach 
The goals of this chapter are to provide fundamental information regarding alternative fuels and transit, 
and to establish a connection between earlier works and the methods and practices utilized to complete 
this research project.  While not intended as a broad literature review across the entire subject area, 
several important references are worthy of discussion within the context of this research effort.  A 
distinctive body of academic research exists in the field of alternative fuels.  Additional sources of 
information were available, including workshop materials, conference proceedings, Internet website 
content, public databases, government documents, field testing results, media reports, and direct 
interviews with experienced transit staff.  Prior research efforts completed by CUTR are also relevant to 
this study.  Further, researchers gained practical knowledge from various transit officials during the data-
gathering effort necessary to update the fuel options cost model.   

With such a wide array of background material available, researchers adopted a practical approach 
for the content and design of the written report.  Rather than presenting individual sections for literature 
review, data collection results, and practical experience discussion, CUTR incorporated critical information 
into relevant sections according to subject area.  As such, the remainder of this chapter is organized by 
fuel type.  Each section contains information from some or all types of data sources described above, as 
relevant.  Specific discussions focus on operating concerns, maintenance costs, infrastructure requirements, 
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historical and ongoing developments, regulations, etc.  The lone exception is fuel pricing data, which are 
presented in chapter three.  It is important to note that researchers sought to establish a range of values 
for infrastructure costs to be installed in the updated fuel options cost model.  In place of an exhaustive 
list of values, the minimum, maximum, and median costs were determined for each relevant fuel type.             

Background Information and Ongoing Developments in Alternative Fuel 
and Alternative Propulsion Options 
One of the main intentions of this research effort was to examine recent innovations and advances in 
alternative fuels and alternative propulsion technologies as related to the transit industry.  As such, the 
following sections describe several areas of development.  Overall, the discussion focuses on common 
alternative fuels, vehicles, and propulsion types, including recent changes in baseline diesel fuel standards 
and related infrastructure upgrades.  Fuel option categories are liquid fuels, gaseous fuels, and electronic 
propulsion systems.  Where applicable, the review addresses prototype alternative fuel vehicles and 
technologies to provide a glimpse of what is likely to be developed further throughout the coming 
decade.  Alternative fuel options under development, which may include a variety of cutting-edge 
energy storage mechanisms and potential infrastructure breakthroughs for power generation systems, 
may also be noted.     

Liquid Fuels 

The following section discusses conventional and alternative transit bus fuels available in liquid form.  
Specific fuels described below include petroleum diesel, biodiesel, and ethanol.  Methanol, which was 
included in an earlier version of this research project, is not included in this update because it is not 
currently considered a viable alternative fuel for transit buses.   

ULTRA LOW SULFUR DIESEL (ULSD) 

The standard for petroleum diesel properties is defined in American Society for Testing and Materials 
(ASTM) D975-93, Standard Specification for Diesel Fuel Oils.  The U.S. Environmental Protection Agency 
(EPA) regulation that established a baseline diesel fuel category is specified in the Code of Federal 
Regulations (CFR), 40 CFR 79.55c, and is based on the ASTM standard.  In 1992, the ASTM D975 
standard lowered the sulfur specification to 500 parts per million (ppm) for grades number one and 
number two diesel.  The EPA regulation (40 CFR 80.29) prohibited the sale or supply of diesel fuel with 
greater than 500 ppm sulfur content for use in on-road motor vehicles.  Considered low sulfur diesel (LSD) 
at the time, more stringent regulations have since been adopted. 

While diesel engines have a proven track record regarding power, fuel efficiency, and durability, 
petroleum diesel has continued to be regarded as a major contributor to particulate matter (PM) 
emissions, especially due to the sulfur content of the fuel.  In 1998, petroleum diesel PM was identified by 
the California Air Resource Board as a toxic air contaminant.  By 2001, EPA had completed the Highway 
Diesel Rule, which mandated a substantial reduction in emissions of nitrogen oxides (NOx) and PM from 
heavy-duty highway engines and vehicles that use diesel fuel.  To effect such change, a plan was 
established to reformulate petroleum diesel, to reduce the sulfur content from 500 ppm to no more than 
15 ppm.  The EPA estimated that the use of a cleaner fuel in combination with particulate traps would 
result in as much as 90 percent reductions in vehicle PM, carbon dioxide, and hydrocarbons emissions.  
Refiners and operators began a wide phase-in of the reformulated fuel, termed ultra-low sulfur diesel 
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(ULSD), during 2006.  Clean diesel vehicles and engines also began entering the market during the fall 
of that year, and manufacturers must complete the conversion to the advanced technology by 2010.   

ULSD is formulated to run in any engine designed for ASTM D975 diesel fuels.  Although retrofits were 
not mandated and generally not required, some vehicles demonstrated improved performance through 
modifications for the new highway diesel sulfur rule.  Emission-reduction technology options employed to 
take full advantage of ULSD included the following:                   

• Diesel particulate filters.  Reduces PM by mechanically filtering the exhaust stream.  
• Diesel oxidation catalysts.  Reduces carbon monoxide, hydrocarbons, and soluble organics of PM. 
• Selective catalytic reduction. Converts NOx to nitrogen and other gases through the addition of a 

reducing agent catalyst to the exhaust stream. 
• Exhaust gas recirculation. Returns exhaust gases to the intake stream, which cools the combustion 

process and, thereby, reduces NOx formation. 

By September 2006, most petroleum diesel sold for on-road use in the US already conformed to the new 
ultra-low sulfur formula mandate.  In fact, many retail outlets and diesel operators had implemented 
ULSD well in advance of the October 2006 deadline.  Some transit agencies switched to ULSD as early 
as 2002.  Additionally, some operators reported that late model ULSD buses performed significantly 
better than older non-diesel, alternatively-fueled buses.  With ULSD in wide distribution and the 
availability of LSD dwindling throughout the US, the Energy Information Administration (EIA) discontinued 
reporting weekly retail LSD price estimates in December 20082.  Non-road diesel fuel will be required to 
be ULSD by 2010, and railroad locomotive and marine diesel users must switch to ULSD by 2014. 

BIODIESEL (B20) 

The ASTM standard for 100 percent biodiesel requires the fuel to be “mono-alkyl esters of long chain 
fatty acids derived from vegetable oils and animal fats.”3  Simply stated, pure biodiesel (commonly 
notated as B100) is fuel for diesel engines that contains no petroleum diesel.  Soybeans are used as the 
source oil for approximately 90 percent of the B100 produced in the U.S.4  Diesel engines can operate 
using B100; however, biodiesel is usually blended with petroleum diesel.  Blending may occur at supplier 
facilities, during delivery, or at the end user site when the fuel is stored or dispensed.  B20, which is a 
blend comprising 20 percent biodiesel and 80 percent ULSD, is the preferred biodiesel option among 
many transit agencies because it offers significant environmental benefits at minimal cost increases.5  As 
such, B20 is the blend referred to throughout this research effort.  Blending biodiesel with ULSD also helps 
restore lubricity, which decreases substantially with the loss of sulfur in the fuel.   

                                             

 

2 http://tonto.eia.doe.gov/oog/info/wohdp/diesel_ULSD.asp   
3 ASTM D6751-08 standard specification for biodiesel fuel blend stock (B100) for middle distillate fuels 
4 National Biodiesel Board.  Other high-yield or common sources include algae, hemp oil, rapeseed oil and “yellow grease” 
(such as recycled cooking oil or chicken fat.)  The jatropha plant may also be a high-yield source, but widespread production 
from this source is still in the early stages of development.  
5 National Biodiesel Board. 
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Many heavy-duty vehicle operators, including transit agencies, choose to implement biodiesel because it 
offers low emissions,6 is made in the U.S. from renewable resources, and is biodegradable.  In addition, 
implementation costs are low compared to other alternative fuel options, and required infrastructure 
enhancements are usually minimal.  Specifically, biodiesel can be operated in current petroleum diesel 
buses and stored in existing tanks; the acquisition of new vehicles or specialty fueling equipment is usually 
not required.  However, because biodiesel tends to act as a solvent, implementing agencies are advised 
to change vehicle fuel system filters more frequently and to ensure that rubber hoses, gaskets, and similar 
mechanical components (on vehicles and in fuel facilities) are compatible.7  When new storage tanks and 
service lanes are necessary, costs may be approximately $55,000 and $125,000, respectively.8  These 
costs were reported to be very similar to ULSD facility costs.  A more recent study identified biodiesel 
blending and storage facility costs ranging from $96,000 to $132,000.9  Installation costs associated 
with each facility were $10,000 to $25,000, respectively.  Shortly after introducing B20 to a transit 
fleet, the agency determined engine and fuel systems maintenance costs to be almost 35 percent higher 
than costs for ULSD under similar conditions.10  In this case, fuel filters were replaced three times as often 
on B20 buses, and the number of fuel injector replacements was considered “elevated.”      

Biodiesel use among transit groups continues to rise.  Several properties, including some in Florida, 
implemented a complete switch to biodiesel over the past two years.  In some cases, transit operators 
also converted heavy-duty rail systems to biodiesel.  The fuel also continues to gain prominence among 
private industry; for example in early 2008, a major retail U.S. grocery chain converted its entire fleet 
of 1,000 delivery trucks to biodiesel.  In addition, commercial airlines and the U.S. military began trials 
of related bio-fuels in recent years.   Overall, users report positive experiences with the fuel, especially 
after the period immediately following implementation.  More than one transit agency simply began 
using the fuel and reported no issues, although the fuel filter replacement interval was lowered to 3,000 
miles.  Most experiences demonstrate that B20 performs similar to ULSD, especially in the areas of fuel 
efficiency, per mile maintenance costs, and miles between road calls.11                

Biodiesel also offers agencies flexibility regarding blend choice.  In some cases, transit operators tested 
a variety of blends (including B5, B10, B20, and B100) to determine which mixture is best-suited to meet 
specific operating conditions.  Biodiesel trials commonly followed one of two methods: various blends 
used simultaneously on different vehicles; or different blends used sequentially on the same group of 
vehicles.  The cost of biodiesel also dictates blend choice.  For example, when biodiesel prices increased 
                                             

 

6 Delucchi, M. A. and T. Lpiman.  Energy Use and Emissions from the Lifecycle of Diesel-like Fuels Derived from Biomass. Institute 
of Transportation Studies.  December 2003.  Most studies, including this one, agree that using biodiesel lowers emissions of 
carbon monoxide, particulate material, hydrocarbons, and sulfur dioxide, while carbon dioxide emissions were unchanged.  
However, biodiesel is associated with a slight increase in emissions of nitrogen oxides. 
7 National Biodiesel Board.  Biodiesel Usage Checklist 
8 Ahouissoussi, N. and M. E. Wetzstein.  Life-Cycle Costs of Alternative Fuels: Is Biodiesel Cost Competitive for Urban Buses?  U.S. 
Department of Energy.  September 1995.  Figures in text are presented in 2007 dollars.  Original costs in 1995 were 
$40,600 per tank and $92,000 per lane. 
9 National Biodiesel Board.  Biodiesel Fuel Management Best Practices for Transit.  Federal Transit Administration.  November 
2007.  Storage tank sized to accommodate usage level of 500,000 gallons per month.  
10 Barnitt, R.; McCormick, R.L.; and M. Lammert.  St. Louis Metro Biodiesel (B20) Transit Bus Evalution – 12-month Final Report.  
NREL, July 2008.       
11 Proc, K., et. al.  100,000-Mile Evaluation of Transit Buses Operated on Biodiesel Blends (B20).  Oct. 2006. 
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dramatically in 2008, one operator reported switching from B20 to B5.  Various biodiesel blends may 
also be used in place of ULSD in hybrid electric buses.  However, not all groups are sold on the biofuel.  
In one instance, a transit manager declared biodiesel would not be implemented unless legislation 
mandated its use.      

ETHANOL (E85) 

Ethanol is an alcohol-based alternative fuel produced by fermenting and distilling the naturally-occurring 
sugars found in plants or plant by-products.12  Pure ethanol has the same chemical structure as ethyl 
alcohol consumed by humans.13  Ethanol feedstock may include corn, barley, wheat, sugar cane, or 
cellulosic biomass such as trees, wood residues, industrial hemp, old newspapers, and grasses.  In the U.S., 
which is the world’s largest ethanol producer, corn products comprise 90 percent of raw materials used to 
create ethanol, while refiners in Brazil (the number two producer) derive ethanol mostly from sugar 
cane.14   A small amount of ethanol is usually added to gasoline to improve performance and reduce 
emissions, and the most common low-level blend is E10 (10 percent ethanol mixed with 90 percent 
gasoline.)15  In larger concentrations, gasoline is mixed with pure ethanol to create E85, a blend of 85 
percent ethanol and 15 percent gasoline.  E85 and higher ethanol concentrations (E95) qualify as 
alternative fuels under the Energy Policy Act of 1992 (EPAct).  E10 is not considered an alternative fuel 
under EPAct regulations.     

Overall, few transit agencies in the U.S. have tried ethanol buses, and none were in service at the time of 
this writing.  Only Swedish bus manufacturer Scania was found to produce ethanol buses on a large scale 
basis.  Over the past 15 years, Scania provided over 600 buses for a demonstration project based 
mostly in Europe.  Transit groups in Sweden, Ireland, Spain, Italy, China, and Brazil currently operate 
ethanol buses under the BioEthanol for Sustainable Transport (BEST) consortium.16  Unfortunately, no 
current cost data regarding vehicle procurement or facility modifications were made available from 
BEST.   

Earlier studies suggested ethanol buses may cost $32,000 - $45,000 more than diesel buses.17  Required 
infrastructure modifications for ethanol can be considered moderate.  The fuel must be stored in a 
watertight system because it is completely soluble in water and may become diluted and unusable if 
water enters the mixture.  Fire prevention systems must be modified to account for different flammable 
properties than gasoline or diesel fuel.  Pure ethanol burns with a nearly invisible flame, and alcohol-
resistant foam must be used to extinguish large fires.  Overall, maintenance facility modifications for a 

                                             

 

12 In some instances, a process using chemicals and heat may also be used to convert sugars to the alcohol fuel.    
13 To discourage human ingestion of ethanol fuel, a small amount of gasoline (5 percent) is usually added during the 
production process. 
14 U.S. Dept. of Energy Alternative Fuels & Advanced Vehicles Datacenter. 
15 The Renewable Fuel Standard Program, promulgated under the Energy Independence and Security Act of 2007, requires 
gasoline sold in the U.S. to contain a minimum amount of renewable fuels.  The law intends to increase the amount each year 
until 36 billion gallons of renewable fuels are blended with gasoline annually by 2022.   
16 Results of the BEST program were pending at the time of this writing. 
17 Arcadis, et. al.  TCRP Report 38.  Figures in text are presented in 2007 dollars.  Additional cost for “alcohol buses” reported 
as $25,000 - $35,000 in 1998. 
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200-bus transit fleet were estimated to be $380,000 and an ethanol fueling facility cost approximately 
$500,000.18     

The use of ethanol to fuel heavy-duty vehicles presents a significant challenge for operators.  Improper 
fuel blending results in engine problems.  Specifically, abnormally high levels of ethanol in gasoline may 
cause excessive carbon deposits in engines and lead to rapid fuel system deterioration, including 
dissolved plastic fuel intakes and pin-holed fuel lines, which cause leaks and engine fires.  Fuel pumps 
and fuel tanks are also at risk, and problems caused by incorrect concentrations of ethanol may 
invalidate manufacturer warranties.  Regarding power, ethanol provides less energy than comparable 
petroleum-based fuels.19  As a result, any cost savings realized by purchasing ethanol at a lower price 
per gallon than ULSD are mostly offset by the need to acquire higher quantities of fuel.20  To ensure the 
same operational duration as ULSD vehicles, ethanol buses are designed with larger fuel tanks to carry 
more fuel.  However, when energy used during production is accounted for in overall life-cycle equations, 
some studies agree that ethanol consumes more energy than it provides.  Recent attention to greenhouse 
gas emissions also questions the benefits of using ethanol as a replacement for petroleum-based fuels.  In 
fact, because of the amount of land used to grow common feedstock (especially corn) and the necessary 
amount of petroleum products used during cultivation and production, many researchers conclude that 
ethanol actually causes a net increase in CO2 released into the atmosphere.  The exception is ethanol 
derived from industrial hemp, which requires no pesticides or fertilizers and absorbs more CO2 than any 
other feedstock plant. 21  While such conclusions are often criticized by ethanol refiners and large scale 
corn-growers, the body of independent research that suggests otherwise is expanding and becoming 
harder to refute based on assumptions that corn and sugar remain principle feed stocks.                

Gaseous Fuels 

The following section discusses potential transit bus alternative fuel systems based on fuels that occur as a 
gas.  Specific fuel sources described below include natural gas and hydrogen.  Hydrogen, as related to 
fuel cells, is also discussed in the next section (Electronic Propulsion Systems.)  Although an earlier version 
of this research included liquefied petroleum gas (LPG or propane) researchers dropped it from 
consideration for the updated model because no transit agencies that operated LPG heavy-duty buses 
were found at the time of this writing.   

NATURAL GAS, INCLUDING COMPRESSED (CNG) AND LIQUEFIED (LNG) FORMS 
Comprising primarily methane, natural gas is a mixture of hydrocarbon gases used as a fuel to generate 
electricity, run furnaces, heat water, operate appliances, and power selected alternative fuel vehicles.  
Natural gas is extracted from dedicated wells or collected as a by-product of petroleum refining or 
organic decay.  Although it is colorless and odorless in its natural state, producer additives to the gas 
                                             

 

18 Arcadis, et. al.  TCRP Report 38.  Figures in text are presented in 2007 dollars.  1998 costs reported as $300,000 for 
modifications and $400,000 for fueling facility. 
19 Various sources estimated the energy deficiency of E85 to be 27–33 percent less than petroleum-based fuels. 
20 Arcadis, et. al.  TCRP Report 38.  Ethanol-fueled buses burn 1.7 times more fuel per mile than similar buses operating diesel 
fuel. 
21 Industrial hemp contains only trace amounts of cannabinoids, the psychoactive ingredients responsible for marijuana 
intoxication. 
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provide an aromatic leak-detection feature.  Natural gas is most commonly transported and distributed 
through an infrastructure of pipelines; however, some forms may also be delivered by truck.  End-users 
generally process the gas on site into compressed natural gas (CNG) or liquefied natural gas (LNG) for 
use as a vehicle fuel.      

Having fueled almost 8,400 buses in 2007, natural gas continues to be the most prevalent alternative 
fuel in use across the transit industry in the United States.  According to the American Public 
Transportation Association (APTA), over 82 percent of heavy-duty alternatively-fueled buses were 
powered by a variant of natural gas in 2007.22  Specifically, CNG vehicles comprised over 70 percent 
of the alternatively-fueled bus fleet, while approximately 10 percent used LNG.  Another 150 buses 
were configured as hybrids to use natural gas in combination with electric batteries, gasoline, or 
petroleum diesel.  Further, the number of natural gas buses in service has steadily increased during the 
past decade, with growth rates since 2003 approaching 20 percent among LNG vehicles and 50 percent 
among CNG vehicles (see Figure 2.1.)  While natural gas heavy-duty buses in service tend to be the 
standard forty-foot variety, recent deliveries by American manufacturers have also included articulated 
CNG buses.       

 
Source: APTA Transit Vehicle Databases 2003-05, 2007 

Because the fuel burns cleaner and produces fewer emissions, natural gas buses are a preferred 
alternative vehicle option among transit operators in areas with severe air quality issues.  Further, transit 
agencies in states with stricter emissions standards have been more aggressive in acquiring CNG and 
LNG transit buses.  For example, almost half of all CNG buses in the US are deployed by transit groups 
in California, while another 20 percent are in service in New York State.23  Greater than 50 percent of 
LNG transit buses are operated in Arizona, and agencies in Texas and California account for all 
remaining vehicles of this type.  As additional states and federal agencies develop tighter pollution 
                                             

 

22 APTA 2007 Transit Vehicle Database 
23 APTA 2007 Transit Vehicle Database 
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controls, the amount of natural gas transit buses in service may continue to increase.  In addition, ample 
domestic reserves have led more public officials to view expanded use of natural gas as an effective 
option for reducing transportation dependence on imported petroleum products.  

Natural Gas Transit Bus Infrastructure Needs    
Unlike ULSD, which is stored and dispensed in the same state as delivered, CNG and LNG require 
additional concerns and handling measures.  An agency considering the implementation of natural gas 
buses must adapt existing facilities and install or construct adequate infrastructure to meet the needs of 
this fuel type.  Cost areas include modifications to existing maintenance facilities, construction of new 
fueling facilities, and ongoing maintenance for all related facilities.  Expanded operations to handle 
C/LNG also incur additional costs to power new equipment and facilities.  While many early transit 
implementations relied on off-site refueling and maintenance, prior studies demonstrated that this 
arrangement often led to negative overall experiences with natural gas vehicles.24  As such, most groups 
usually opt to make necessary modifications and install new facilities on site.  The figures indicated 
throughout the following paragraphs provide a range of expected costs to establish C/LNG 
infrastructure.  Data were gathered from relevant literature, interviews, prior reports, and related 
articles, as noted.  All dollar amounts have been adjusted to 2007 dollar values.25      

Existing Maintenance Facility Modification for CNG   
Natural gas is lighter than air and rises in the event of a leak.  Gas may ignite explosively if contacted 
with an open flame, spark, or electrical charge.  Ventilation and other safety modifications may be 
required among transit properties such as maintenance buildings, fueling structures, parking garages, and 
other support facilities.  Costs for proper modifications vary according to facility, depending on existing 
design and requirements.  Complete modification costs ranged from a low of $380,00026 to a maximum 
of $15 million27.  More commonly, median costs for maintenance facility modifications were found to be 
between $740,00028,29 and $875,000.30  Another specific example showed that facility modifications 
completed in 1996 would cost almost $1.1 million today31.  Installation of gas detection systems alone 
were over $12,00032 for a small transit maintenance facility.        

                                             

 

24 Eudy, L. Natural Gas in Transit Fleets: A Review of the Transit Experience.  NREL/TP-540-31479.  February 2002. 
25 Throughout the analysis, acquisition costs are reported in actual 2007 dollars.  When necessary, dollar figures were 
transformed into 2007 dollars using the Consumer Price Index inflation calculator designed by the Bureau of Labor Statistics 
(BLS) (http:////data.bls.gov.cgi-bin/cpicalc.pl) 
26 Watt, G.M.  Natural Gas Vehicle Transit Fleets: The Current International Experience.  Original cost for garage and depot 
modifications reported in 1999 was $305,000.  Amount reported in text was adjusted to 2007 dollars. 
27 Clark, et. al. Transit Bus Life Cycle Cost and Year 2007 Emissions Estimation.  Study compiled data from several earlier 
studies; amount reported in text is highest value adjusted to 2007 dollars. 
28 Watt, G.M.  Original cost for garage and depot modifications reported in 1992 was $500,000.  Amount reported in text 
was adjusted to 2007 dollars. 
29 Arcadis, et. al.  TCRP Report 38.  Median cost figure ($763,222 in 2007 dollars) based on estimates from five transit 
agencies and background literature for modifications to a 200-vehicle facility.   
30 Clark, et. al.  Amount reported here is median value adjusted to 2007 dollars. 
31 Arcadis, et. al.  Sacramento (SRTD) original modification cost reported in 1996 was $800,000.  Amount reported in text 
was adjusted to 2007 dollars. 
32 Eudy, L. Cost for methane detection system in Rockville, Maryland was $10,123 in 2000.  Amount reported in text was 
adjusted to 2007 dollars. 
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CNG Fueling Station Construction Costs  
In most cases, natural gas is delivered to transit properties via pipeline at five to 50 pounds per square 
inch (psi).  Once onsite, the gas is typically compressed to pressures between 3,600-5,000 pounds per 
square inch (psi) for storage in heavy-duty steel cylinders.  Facility storage tanks commonly hold up to 
30,000 standard cubic feet of compressed gas.  In some cases, gas is delivered in a liquefied state, and 
then vaporized into gas before fueling CNG buses.  When needed, vehicles are filled with compressed 
gas using specialized pumps, hoses, and nozzles.  In colder climates, fueling facilities may be located 
indoors, which would require additional ventilation systems beyond those installed in general vehicle 
maintenance areas.  CNG fueling facility costs are greatly influenced by the size of the natural gas 
vehicle fleet.  For example, two or more storage tanks may be required, and some dispensing facilities 
may include a buffer-type receiving tank to fill buses rapidly.  Buses may also require gas compressed at 
a higher psi than it is stored; a secondary compressor would be needed in this case.  In fact, the 
compression system generally accounts for the greatest share of natural gas fueling facility costs.      

Prior studies and past experiences show that overall CNG fueling facility construction costs ranged from a 
low of $176,00033 for a slow-fill CNG filling station to $7.8 million34 for a large, fast-fill facility in New 
York City.  While another high amount was reported ($7.4 million35) most costs were in the $2 million to 
$4 million range.  Median values, when reported, were about $2 million.36,37  Additional specific 
examples are as follows:  $530,00038 for a fueling station in Springfield, Illinois; $1.8 million39 for a 
two-compressor maintenance and fueling facility in California; $4.43 million40 for total installation of 
CNG compressor and fuel dispensing station in Cleveland, Ohio.   

Other CNG Infrastructure Costs 
The implementation and regular operation of a CNG heavy-duty bus fleet involves a variety of 
additional expenses.  Facility maintenance costs comprise a significant portion of other costs.  For 
example, compressor oil and filters must be replaced periodically to guard against premature wear, and 
leak detection systems must be inspected on a regular basis and repaired, when necessary.  In some 
cases, transit agencies contract out for CNG facility maintenance costs.  One agency incurred 
approximately $99,000 annual cost for a two-year agreement covering inspections, repairs, and regular 
maintenance service.41  This transit group also maintained an inventory of CNG facility spare parts 

                                             

 

33 Watt, G.M.  Original cost for overnight slow-fill CNG fuelling station in 1998 was $138,000.  Amount reported in text was 
adjusted to 2007 dollars. 
34 Barnitt, R. and Chandler, K. New York City Transit Hybrid and CNG Transit Buses: Final Evaluation Results.  Total cost for 
fueling station construction and facility improvements reported as $7.4 million in 2005.  Amount reported in text is adjusted to 
2007 dollars.  
35 Clark, et. al. Study compiled data from several earlier studies; $7.4 million was the highest value after adjusting to 2007 
dollars. 
36 Clark, et. al.  Study compiled data from several earlier studies; $2 million was the median value after adjusting to 2007 
dollars. 
37 Arcadis, et. al.  Study compiled data from five transit agencies and background literature; $1.7 million was median value 
for construction of a 200-vehicle facility.  Amount reported in text is adjusted to 2007 dollars. 
38 Watt, G.M.  Original cost in 1996 was $400,000.  Amount reported in text was adjusted to 2007 dollars. 
39 Watt, G.M.  Original cost in 2000 was $1.5 million.  Amount reported in text was adjusted to 2007 dollars. 
40 Arcadis, et. al.  Original cost in 1992 was $3 million.  Amount reported in text was to 2007 dollars. 

41 Watt, G.M.  Original cost in 2000 was $82,000.  Amount reported in text was adjusted to 2007 dollars. 
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valued at more than $107,000 to ensure rapid turn around time for repairs.42  Maintenance service may 
be included as part of gas supplier contracts, while other agencies may retain multiple service contracts 
for various segments of the operation.  Some transit groups provide most facility maintenance in-house.  
This choice may be driven by labor agreement limitations or a policy to only engage contractual 
agreements for large-scale jobs or critical mechanical failures.  CNG facilities incur equipment overhaul 
costs on a long-term basis.  For example, the cost of a ten-year overhaul for the CNG filling station and 
compressor was approximately $15,000.43  One study calculated the average per-bus facility 
maintenance cost to be almost $25,000 over the 12-year vehicle lifespan.44  This study also included the 
lifetime per-bus cost ($19,000) for CNG facility power and compression electricity needs.  
 
LNG Existing Facility Modification Costs   
As a liquid, LNG is heavier than air, and in the event of spills, precautions must be in place to ensure that 
runoff does not enter the sewer drainage system.  After the escaped LNG warms, it returns to a gaseous 
state and rises.  Indoor LNG maintenance facilities should also include special ventilation accommodations 
and spark-proof electrical wiring systems, similar to those required for a CNG facility.  LNG combustion 
properties necessitate special firefighting equipment, and the extreme cold temperature of the fuel 
requires proper insulation, cold-resistant materials, and first aid equipment for cold burns and frostbite.  
Overall, prior studies estimated costs for modifications to accommodate LNG at existing facilities would 
be approximately $760,000.45  Another study found that design, construction, and start-up costs for 
modifications to a maintenance facility designed to service up to 210 LNG buses approached $5 
million.46  In a third example, the approximate cost for gas-sensing equipment and ventilation 
modifications at a 12-truck heavy-duty LNG maintenance facility was $88,000.47 
     
LNG Fueling Station Construction Costs 
LNG fueling facilities commonly include one or more vertical storage tanks that maintain temperatures 
between -120oF and -260oF.  Designed as double-walled and insulated cylinders, LNG storage tanks can 
hold up to 30,000 gallons of fuel and may be underground or on the surface.  As with CNG facilities, 
LNG must be dispensed using specialized equipment, including high-pressure pumps, nozzles, flow meters, 
vaporizers, vacuum-sealed lines, and safety monitors.  In some cases, fueling stations are designed to 
accommodate both LNG and CNG vehicles (C/LNG).  Overall costs are similar CNG facilities.  Two 
stations constructed in southern California, which included three fueling islands per station and re-fueled 
close to 120 buses at each location, incurred capital costs totaling $6 million.48  Another LNG transit bus 
refueling station also cost $4.6 million for one station capable of servicing over 200 buses.49  A third 

                                             

 

42 Watt, G.M.  Original cost in 2000 was $89,000.  Amount reported in text was adjusted to 2007 dollars. 
43 Watt, G.M.  Original cost in 2000 was $12,000.  Amount reported in text was adjusted to 2007 dollars. 
44 Clark, et. al. Amount reported in 2007 dollars. 
45 Arcadis, et. al.  Costs reported in the 1998 study were $600,000; amount shown in text adjusted to 2007 dollars. 
46 Chandler, K., et. al.  Resource Guide for Heavy-Duty LNG Vehicles, Infrastructure, and Support Operations.  Total cost 
reported as $3.9 million in 1998.  Amount shown in text is adjusted to 2007 dollars. 
47 Chandler, K., and K. Proc. NORCAL Prototype LNG Truck Fleet: Final Results. Total cost reported as $80,000 in 2004.  
Amount shown in text adjusted to 2007 dollars. 
48 Original cost reported to be $4.6 million.  Specific year unknown, but estimated to be within 1997-99.  The number 
reported in text assumes 1997 original date and is adjusted to 2007 dollars.   

49 Chandler, K., et. al.  Total cost reported as $3.6 million in 1998.  Amount shown in text is adjusted to 2007 dollars. 
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large station, which included C/LNG and two 30,000-gallon storage tanks, cost $3.5 million.50  Other 
large LNG-only stations reported costs ranged from $2.7 million to $3.1 million.   Smaller facilities cost 
less; for example, a station designed to service 11 LNG heavy-duty trucks cost $450,000.  Another 
station built for 13 trucks initially cost $650,000, and later modifications for C/LNG capability added 
$250,000 - $300,000 to the overall price.51  
 
Natural Gas Refueling Time 
Filling time, the time allotment required to refuel a CNG or LNG bus, is a common concern among transit 
operators considering the use of natural gas as an alternative to conventional fuel.  Refueling systems are 
available in fast-fill or slow-fill configurations.  A review of prior studies and transit agency experiences 
showed that most facilities reported fast-fill operations, with average fill times ranging from three to 20 
minutes (see Table 2.1.)  In fact, all but two fast-fill stations fueled a vehicle in ten minutes or less.  Slow-
fill facilities were less common, and slow-fill times ranged from 20 minutes to over an hour per vehicle.  In 
some cases, transit facilities maintained both slow- and fast-fill refueling capabilities. 

Not all implementations of natural gas buses result in complete satisfaction.  New ULSD buses continue to 
demonstrate improved efficiency and lower emissions.  As a result, some agencies are choosing to cut 
back or eliminate CNG programs.  For example, New Jersey Transit recently decided to forego a CNG 
program because of overall costs.52  The agency opted for an agreement to purchase over 1,100 new 
ULSD buses for $330,000 each, which is approximately $30,000 to $50,000 less per vehicle than 
comparable CNG models. 

  

                                             

 

50 Arcadis, et. al.  Costs reported in the 1998 study were $2.7 million; amount shown in text adjusted to 2007 dollars. 
51 Chandler, K., et. al.  Total costs reported as $350,000, $500,000, and $200,000 in 1998.  Amounts shown are adjusted to 
2007 dollars. 
52 http://www.app.com NJ Transit to stop buying compressed natural gas buses. 11/23/08. 
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Table 2.1.  CNG and LNG Refueling Facility Types and Fill Times 

Agency Location or 
Name 

Fuel 
Type 

Fast 
Fill 

Fast Fill Time 
(minutes) 

Slow 
Fill 

Slow Fill Time 
(minutes) 

Phoenix  L/CNG y 5 ‐ ‐  
Tuscon  CNG y 10 y 30 
Sunline  CNG y ‐ ‐  ‐ 
Sacramento  CNG y ‐ ‐  ‐ 
San Diego  CNG y 4 ‐ 10 ‐  ‐ 
Montgomery County  CNG ‐ ‐ y  ‐ 
Cleveland  CNG y ‐ ‐  ‐ 
Houston  LNG y 6 ‐ 10 ‐  ‐ 
Houston  CNG ‐ ‐ y 45 
El Paso  CNG ‐ ‐ y 20 
El Paso  LNG y 4 ‐ 7 ‐ ‐  
BC Transit  CNG Y 3 ‐ 7 ‐  ‐ 
Toronto  CNG y 4 ‐  ‐ 
London, Ontario  CNG y 4 ‐  ‐ 
Kitchner, Ontario  CNG y 5 ‐ 7 ‐  ‐ 
Burlington, Ontario  CNG y 4 ‐ 5 ‐ ‐ 
Cornwall, Ontario  CNG ‐ ‐ y  ‐ 
Hamilton, Ontario  LNG y 6 ‐ 10 ‐  ‐ 
The Netherlands  CNG y ‐ y  ‐ 
Saarbrucken, Germany  L/CNG y 3 ‐  ‐ 
Augsburg, Germany  CNG y 6 ‐ 10 ‐  ‐ 
Colmar, France  CNG y 15 y 60+ 
Nice, France  CNG y 3 ‐  ‐ 
Florence, Italy  CNG y 20 ‐  ‐ 
Ravenna, Italy  CNG y 11 ‐  ‐ 
Sweden  CNG ‐ ‐ y  ‐ 
Finland  CNG y ‐ ‐ ‐  
Hamilton, New Zealand  CNG ‐ ‐ y 60+ 
Geelong, Australia  CNG y 5 ‐  ‐ 
Sydney, Australia  CNG y 3.5 ‐ ‐  
Adelaide, Australia  CNG y 4 ‐  ‐ 
Brisbane, Australia  CNG y 3.5 y 20 
Perth, Australia CNG ‐ ‐ y ‐  
Bangkok, Thailand  CNG y ‐ ‐  ‐ 
Cairo, Egypt  CNG y 6 ‐  ‐ 

 

HYDROGEN 
The internal combustion engine can be configured to operate using compressed hydrogen as fuel.  
Although considerable modification is necessary, hydrogen internal combustion engines (HICE) share many 
components and fundamental operating principles with conventional diesel engines.  As such, HICE vehicle 
costs are lower than hydrogen fuel cell systems.  Some HICE designs operate using pure compressed 
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hydrogen, while others use a mixture of hydrogen and natural gas.  HICE engines can also be used in 
hybrid electric fuel cell buses.     

At present, demonstration projects comprise the extent of deployment for HICE heavy-duty transit 
vehicles.  Florida introduced the first fleet of HICE shuttle buses in mid-2007 for use by the Orlando 
airport and convention center.53  A European Union (EU) demonstration project included both HICE and 
hydrogen fuel cell heavy-duty buses.  Part of the EU project introduced four HICE buses in Berlin, 
Germany during 2006.  Although specific result data were unavailable, the program reported no major 
breakdowns during the initial stages of the project, and operators reported lower fuel consumption than 
anticipated.  Early study results helped improve inverter performance on the buses and showed extra 
monitoring of refueling hoses and compressors is necessary.  Newer HICE buses include turbo-charged 
engines with low pressure direct injection and spark ignition.          

Hydrogen as a compressed gas fuel requires similar infrastructure as described for CNG.  Several 
additional steps are required to handle the fuel, thus increasing overall costs.  Special fuel storage 
systems, refueling stations, and maintenance systems are required for using compressed hydrogen gas in 
HICE vehicles.  Ambient hydrogen has much lower energy content than CNG, so it must be compressed to 
higher pressures to store enough fuel to operate over similar distances.  Addition components of a 
hydrogen program include special training for technicians and drivers, and community outreach programs 
to educate the public about the fueling system.  Many hydrogen demonstration projects also install 
hydrogen fuel cell power stations to generate energy to operate the facility.  While this may lower 
energy costs, power stations also have their own associated construction, modification, and operating 
costs. 

With no established pipeline infrastructure in place to supply pure hydrogen directly to potential 
consumers, implementing agencies can either configure a facility to manufacture the gas onsite or have 
the fuel delivered and store it onsite.  Hydrogen can be derived from water using electrolysis or from 
natural gas through a process sometimes called “cracking,” which removes hydrogen from the methane 
molecule.  Because of the widespread availability of natural gas, many demonstration projects opt for 
the second method.  In rare cases, liquefied hydrogen may be delivered and compressed to gas onsite.   

Additional information on hydrogen infrastructure requirements and costs is found in the Hydrogen Fuel 
Cells portion of the next section.     

Electric Propulsion Systems 

Electric propulsion systems are substantially different from conventional liquid- or gas-fueled engines.  
Here, the electricity is stored in batteries onboard the vehicle.  A wide array of transit buses operated 
partially or completely on electricity is available.  Hybrid electric vehicles combine an electric motor with 
a fuel-powered engine.  Full battery electric vehicles operate solely under battery power.  Fuel cells, 
most often associated with hydrogen, are another type of electric battery, and they may be configured 
                                             

 

53 The vehicles were modified Ford E-450 shuttle buses.  These are not heavy-duty vehicles and any data generated by this 
demonstration project is not applicable to the needs of this project.   
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as hybrids or full electrics.  The following sections discuss potential transit bus alternative propulsion 
systems based on electricity.       

HYBRID ELECTRIC 
Generally categorized as an alternative fuel vehicle, a hybrid electric bus is more accurately described 
as an alternative propulsion system.  Hybrids can achieve two- to three times greater fuel efficiency than 
similar conventionally-fueled models, and they are available in all heavy-duty bus sizes, including 60-
foot articulated models.  The most commonly deployed type of hybrid electric transit bus combines a 
small, conventional diesel engine with an electric drive motor.  The diesel engine is fueled with ULSD, 
while the electric motor draws on power stored in onboard battery packs or ultracapacitors.  Other 
hybrid configurations have been implemented in recent years, including CNG hybrids, LNG hybrids, 
gasoline hybrids, compressed hydrogen hybrids, biodiesel hybrids, and ethanol hybrids.  Hydrogen fuel 
cell vehicles are also usually configured as hybrids; these are discussed in a separate section.  For clarity, 
the remainder of this section focuses on the common example of ULSD hybrid electric technology.       

In a hybrid electric bus, the engine is used to produce electricity and may be de-coupled from the wheels.   
The engine runs the generator, and the electricity produced powers the electric motor that drives the 
wheels.  An energy storage system is integrated into the system to provide additional power needed 
during acceleration or climbing grade and stores energy during braking.  Energy is recovered during 
braking by a regenerative braking system and stored in the energy storage system. Various 
combinations are available, depending on operational requirements.  

In a series hybrid, the diesel engine provides electrical power to the motor that drives the wheels.  Here, 
there is no mechanical connection between the engine and the wheels.  A small diesel engine, set to run at 
optimal controlled speed, is connected to a generator that produces electricity to drive the electric motor 
and to be stored in onboard batteries.  The electric motor drives the vehicle and acts as a generator to 
capture energy during regenerative braking.  The batteries supply additional power during acceleration 
and hill climbing, and they store energy recovered during regenerative braking and idling.   

In a parallel hybrid, two direct sources of power to the wheels are available.  Either the diesel engine or 
the electric motor, or both, can drive the wheels at any given moment.  An advantage of this 
configuration is the combined power due to the electric motor and power plant driving the wheels 
simultaneously.  Some studies and operational experiences show that the parallel configuration is better 
suited for transit bus applications because it is less costly and more efficient than the series design. 

The number of hybrid electric buses in service throughout the U.S. continues to grow.  Overall, this bus 
type is the second most common alternative vehicle deployed among transit agencies.  Operators choose 
to implement hybrid electric buses to benefit from higher fuel efficiency and lower tailpipe emissions.  In 
many cases, an agency procures a small number of hybrid buses and deploys them on a trial basis.  After 
result show efficiency and emissions improvements, the agency places a much larger order.  For example, 
the Southeastern Pennsylvania Transportation Authority (SEPTA) acquired 32 advanced parallel hybrid 
electric diesel buses on a trial basis and then, contracted to increase the total hybrid fleet to 480 vehicles 
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by 2011.54  One of the first transit groups to deploy gasoline hybrid buses found the vehicles perform 
50 percent better than conventional diesel vehicles (5.5 miles per gallon) and generate no measureable 
particulate matter.55  The agency estimates lifetime costs (including purchase price, fuel, and 
maintenance) will be at least 16 percent less than CNG/LNG buses.   

In addition to alternate fuel hybrid electric buses, very recent developments indicate that plug-in hybrid 
electric technology may soon be applied to transit buses.  Plug-in hybrids must be plugged into an 
electrical power source for four to five hours to get 12 to 14 hours of use.  In late 2008, one 
manufacturer announced the first test drive of a 40-foot, heavy-duty plug-in hybrid bus.  The design 
incorporated electric motors for each wheel and includes a stainless steel chassis.  The bus also weighs 
about 50 percent less than typical hybrid electric diesel bus configurations and reportedly improves fuel 
economy by 50 percent.    

Hybrid Electric Bus Infrastructure Needs and Maintenance Costs 
Infrastructure and facility modifications required for hybrid electric buses are largely driven by the type 
of hybrid bus deployed.  In most cases, the facility must accommodate diesel engines and electric motors.  
Equipment needs and costs would be similar to those described under the respective sections.  
Modifications for diesel hybrids would be relatively simple.  Notably, many agencies choose to install 
special cranes or hoists to facilitate battery removal and replacement.  Battery conditioning and charging 
equipment is also required.  In the event that an alternative hybrid is deployed, such as a CNG or 
hydrogen hybrid, the agency modifications would be more extensive to accommodate the pressurized 
gas.  Facility design could include separate areas for each portion of the hybrid, or each maintenance 
bay could be configured to meet the needs of all systems within the hybrid vehicle.  Full size, heavy-duty 
hybrid bus battery pack replacement costs range from $30,000 to $40,000, with an expected life of six 
years.  Electric drive units may also require replacement at mid-life at a cost of approximately $40,000. 

BATTERY ELECTRIC 
Vehicles designed to operate using only energy stored in onboard batteries are classified as battery 
electric.  This type of vehicle produces no tailpipe emissions and runs very quietly.  Designs also include 
regenerative braking, which charges batteries during deceleration.  Electric motors require less 
maintenance than traditional engines.56  Unfortunately, batteries tend to be extremely heavy, which limits 
vehicle size and operating range.  For example, to store the equivalent energy provided by 100 gallons 
of ULSD, a battery electric bus would need 33,000 pounds of lead acid batteries.57  Fully electric 
vehicles may also be more sensitive to extreme climate variations.  As such, battery electric transit buses 
generally do not exceed 30 feet in length, and they usually serve special applications, such as downtown 
circulators and shuttles.  Further, because implementations of battery electric transit vehicles are not 
widespread, life cycle cost data and maintenance performance data are limited.   

                                             

 

54 SEPTA press release (09/27/2007).  The agency found diesel hybrid buses averaged 29 percent better fuel efficiency and 
reduced CO emissions by 80 percent and CO2 emissions by 38 percent.   
55 Long Beach Transit.  Hybrid E-Power Bus Fact Sheet.  January 2006. 
56 Eudy, L. and M. Gifford.  Total cost reported as $12,000 in 1995.  Amount shown adjusted to 2007 dollars. 
57 Arcadis, et. al.   
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Battery types vary.  Examples include lead acid batteries, nickel-metal-hydride (NiMH) batteries, nickel 
cadmium (NiCd) batteries, sodium nickel chloride (NaNiCl) batteries, and lithium ion (L-ion) batteries.  
Heavier batteries that must be charged more frequently cost less than lighter batteries that require less 
frequent charging.  Extensive research in battery technology is ongoing, especially as interest in electric 
cars and other vehicles has expanded in recent years.  Most reports indicate lithium ion batteries will 
continue to develop as the most efficient option, and prices will decrease as implementation expands.  
Ultracapacitors, which store ten times as much power as conventional batteries in less space, are also 
gaining prominence.  However, they may be more likely to be deployed in hybrid electric vehicles.         

Battery electric vehicles require a highly specialized infrastructure; however, other than battery 
replacement, equipment needs do not appear as costly as other alternatives described in this report.  
Once depleted, batteries must be recharged or replaced with freshly charged units.  Some batteries may 
only be recharged a certain number of times.  By the mid-life of the vehicle, batteries usually begin to 
lose effectiveness and must be discarded.  Estimated cost per battery pack is approximately $16,300.58    
In addition to battery replacement costs, special equipment and facility modifications necessary to deal 
with batteries include heavy-duty cranes to lift battery packs, vehicle lifts, battery storage areas, 
electric/chemical fire suppression systems, and conditioning/charging units.  Part of the overall expense 
figure for battery electric vehicles includes the cost of new batteries and disposal of spent cells, as well 
as ongoing power supply needs.  Electric vehicles also require unique replacement parts, special wiring, 
high voltage precautions, and specially trained maintenance technicians.  Overall, higher maintenance 
costs incurred by battery electric buses outweigh the benefits of lower fuel costs for the vehicles.  
According to one agency, direct operating costs of battery electrics buses (including fuel, parts, and 
labor) exceeded costs for conventional diesel buses by 70 percent.        

HYDROGEN FUEL CELLS 
A fuel cell is most accurately categorized as a type of battery.  The cell uses an electrochemical reaction 
to combine hydrogen with oxygen, which results in the generation of electricity.  However, unlike 
conventional batteries, which must be replaced or recharged regularly, the fuel cell continuously 
generates electricity for as long as hydrogen and oxygen are supplied.  Vehicle-based fuel cells can be 
used in a fully electric or hybrid electric drive propulsion system.  Hydrogen is stored in tanks on the 
vehicle, while outside air is the source of oxygen.  Because water and heat are the only end products of 
the internal reaction, vehicles powered by fuel cells are considered to have “zero emissions.”  As a result, 
interest in research and development of this technology as a transit bus propulsion system has grown 
considerably throughout the past decade.   

Fuel cell vehicle infrastructure needs are complex; components similar to both CNG and hybrid electric 
systems are involved.  As described earlier, CNG requires specialized gas storage tanks and dispensing 
equipment, along with critical safety and ventilation systems, while hybrid electric support includes 
battery storage, repair, and replacement capabilities.  Although hydrogen is the most abundant element, 
it does not freely occur in its pure state and must be reformulated from other sources.  At present, pure 
hydrogen for use as a transport fuel is commonly derived from natural gas (methane,) although other 

                                             

 

58 Fowler, T. and M. Euritt 
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sources, such as solar, wind, and biomass, are available or under development.  In most cases, natural 
gas is received via pipeline, and then it is compressed and stored prior to being processed into hydrogen 
and dispensed.  Because hydrogen has a much lower density than CNG; an extra stage of compression is 
necessary to store an equivalent amount of energy.  Cooling equipment must also be included as part of 
the hydrogen storage and fueling station infrastructure system to dissipate heat generated as a result of 
the compression process.              

Currently, all hydrogen-based transit vehicle deployments are considered demonstration projects.  
Overall costs for vehicles and infrastructure are very high compared to all other fuel options; most 
programs consist of extensive partnerships between energy suppliers, vehicle and equipment 
manufacturers, and governments.  Each demonstration project usually involves only one to three vehicles 
per transit agency; there are fewer than 100 hydrogen fuel cell buses deployed globally.   Acquisition 
costs ranged from $1 million to over $3 million per vehicle.59,60  For example, the average cost of seven 
low-floor, 40-foot buses deployed across three transit agencies in California was approximately $3.6 
million.61       

Hydrogen Fueling Station Construction Costs 
Hydrogen fueling stations are typically designed to dispense the gas at a rate of two kilograms per 
minute; a complete fill requires 10 to 20 minutes. 62  The initial capital cost required to construct a fast-fill 
refueling station designed with a 9,000 gallon liquid hydrogen storage tank, two compressors, a gas 
convertor/dispenser, and all required safety systems was approximately $480,000, plus $4,400 per 
month for equipment lease payments63.  Also part of the agreement, the builder retains ownership of the 
station and must provide station maintenance.  The cost of liquid hydrogen was not included in the 
contract.  As a second example, the acquisition and set-up of an on-site hydrogen generation facility, 
including proper storage capability for 180 kilograms of hydrogen, cost a transit agency approximately 
$770,000.64  A six-year maintenance contract was included for an additional $308,000.     

 

 

 

  

                                             

 

59 According to the 2007 APTA database, the average acquisition cost for a hydrogen fuel cell bus was $3 million.   
60 Callaghan, L. and S. Lynch. Analysis of Electric Drive Technologies for Transit Applications: Battery-Electric, Hybrid-Electric, and 
Fuel Cells. Federal Transit Administration, August 2005.  Original vehicle acquisition cost in 2004 was $3.5 million for three 
buses and in 2005 were $3.1 million for one bus and $3.2 million for three buses.  All values adjusted to 2007 dollars prior to 
calculation of average per vehicle cost.   
61 Eudy, L., Chandler, K., and C. Gikakis.  Fuel Cell Buses in U.S. Transit Fleets: Summary of Experiences and Current Status.  
NREL.  September 2007.   
62 Eudy, L., et. al. 
63 Eudy, L., et. al. 
64 Eudy, L., et. al.  Original costs in 2006 were $750,000 for fueling facility and $300,000 for the maintenance contract.  
Amounts in text were adjusted to 2007 dollars.  
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CHAPTER THREE | FUEL REPORT: CURRENT PRICE 
TRENDS, AVAILABILITY, AND EMISSIONS 
 

 

Introduction 
Overall, three fundamental areas of interest comprise this research effort.  The first, including critical 
background information, ongoing advancements, operational costs, and infrastructure requirements for 
alternative fuels implemented across the transit industry, was addressed in the previous chapter.  Current 
fuel costs and measures of emissions make up the second key component and are covered in this chapter.  
The final step, which is the focus of the next chapter, updates the fuel options cost model using cost and 
other data established in previous chapters.   

With infrastructure maintenance and capital costs in place, the following chapter presents relevant costs 
of various fuel types and related pollutant emissions data.  Both are key components of the revised fuel 
options cost model.  After a brief description of the research methods employed, critical data are 
presented.  First, current and historical prices for conventional and alternative fuels are discussed, 
including cost trends since the inception of the fuel options cost model.  Where applicable, availability 
and supply concerns are also described.  Later, emissions data are presented.  Specifically, each 
pollutant is discussed in terms of overall impact on human health and the average rate emitted by fuel or 
propulsion type.  A summary of default emissions measures to be inserted into the updated fuel options 
cost model is also included.                

Purpose 
The original scope of work for this project directed CUTR to monitor and report on fuel prices, fuel 
availability, and pollutant emissions associated with ULSD- and alternatively-fueled heavy-duty transit 
vehicles.  Specifically, a component of this research was intended to serve as a warehouse of current 
price information in these areas.  The intent is to provide an up-to-date resource for transit agencies that 
may be contemplating the implementation of alternatively-fueled vehicles.  This is especially important 
because fuel price exhibits the greatest degree of variability among all cost factors included in the 
revised analysis tool.   Data presented in this chapter are installed as default values in the updated fuel 
options cost model.  The model development, capabilities, and uses are addressed later in this report.    

Methodology Overview 
CUTR referred to government agencies, recent studies, and reputable interest groups for current fuel 
prices and cost trends.  U.S. Department of Energy (DOE) sources, including the Energy Information 
Administration (EIA) and the Clean Cities Alternative Fuel Price Report, were important sources of fuel cost 
data.  Researchers intended to gather information directly from transit agencies as part of the effort to 
update the composite transit vehicle fleet described in chapter four; however, the availability of current 
data was limited.  In addition, fuel prices fluctuated widely during the project period.  As such, insertion 
of fuel pricing data default values into the updated cost model was among the final revisions completed 
during the project period.  This potential limitation is mostly overcome by the ability of the end user to 
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insert customized data, such as current fuel prices, into the model at the time of the analysis.  This feature 
will be explained in detail in the next chapter.        

For emissions, researchers again hoped to gather information directly from transit agencies; however, no 
agency was found to have current data available.  As such, CUTR referred to scholarly literature, 
applied studies, government reports, public databases, and other sources of available emissions data.  It 
is important to note that data provided through original equipment manufacturers, such as that offered in 
product brochures, internal test results, or corporate Internet websites, were not included in the default 
database.  In some cases, each referring document did not include data for every critical pollutant.  
Additionally, most studies focused on one or two types of alternate fuels and their associated emissions.  
As a result, emissions data may be considered somewhat limited.  However, in each instance, the data 
reported are as current and accurate as could be determined, and each reference source is carefully 
documented.  Prior to installing recent data into the default database, researchers calculated the 
average, standard deviation, minimum, and maximum value for each emission reported in the source 
material.  To maintain consistency with the original tool, the updated fuel options cost model includes only 
emissions data measured in terms of grams per mile.   

Fuel Prices and Availability 
Published quarterly by DOE, the Clean Cities Alternative Fuel Price Report is regarded as the primary 
source of information in this area.  For selected conventional and alternative fuels, the report comprises 
one national average price and seven regional average prices based on hundreds of samples.65  The 
report also includes the standard deviation of price and the number of stations reporting on each fuel 
type.  The following section provides an overview of current fuel prices and cost trends since the initial 
development of the fuel options cost model.  Current fuel prices were installed as default values in the 
updated fuel options cost model, detailed in the next chapter.  The prevalence and availability of each 
fuel type is also discussed.  For further details related to the operation and maintenance of heavy-duty 
transit vehicles for each fuel, the reader is referred to chapter two.   

Liquid Fuels 

ULTRA LOW SULFUR DIESEL (ULSD) 
As described earlier in this report, the sulfur content of all petroleum diesel consumed for on-road use 
must now have an “ultra low” level of 15 ppm.  ULSD is sometimes referred to as “clean diesel.”  
Historically, petroleum diesel has been the predominant fuel used among commercial transport and public 
transit vehicles.  For example, close to 95 percent of all freight moved in the US is carried under 
petrodiesel power.66  According to the 2007 APTA transit vehicle database, over 90 percent of transit 
buses in service across the U.S. are operated with ULSD.67  In addition, hybrid electric buses are most 
often operated in conjunction with ULSD, and biodiesel fuel is usually consumed as a blend containing a 
percentage of ULSD.   

                                             

 

65 The exception is the price for hydrogen, which has only been included in the price report since January 2008.  Because of 
limited availability, the average price for hydrogen was based on just six price point reports. 
66 Diesel Technology Forum. 
67 APTA 2007 Transit Vehicle Database 
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ULSD is readily available, and an expansive infrastructure is in place to refine, transport, deliver, and 
store the fuel.  Most transit agencies receive ULSD deliveries by tanker truck.  According to the most 
recent Clean Cities Alternative Fuels Price Report, the national average price for ULSD was $2.44 per 
gallon.68  Figure 3.1 illustrates the fuel cost trend since October 2006.  ULSD fuel reached a peak of 
$4.71 per gallon in July 2008; prices have since retreated to their lowest level during this time span.  The 
average price was based on over 200 price points, and the average price per gallon in the Lower 
Atlantic region (including Florida) was $2.33 per gallon.  New England incurred the highest regional 
price, $2.83 per gallon, and the standard deviation of price across all regions was $0.37.  The cost of 
regular unleaded gasoline is included for comparative purposes and because it is used in hybrid 
electric/gasoline buses.  Except for one reporting period (July 2007) ULSD prices followed a trend 
similar to gasoline, with costs ranging from $0.33 to $0.80 higher per gallon.  Since the most recent 
Clean Cities report was published, ULSD and gasoline prices seem to have stabilized, with diesel 
maintaining about $2.25 per gallon and gasoline recovering to about $2.05 per gallon.69       

 
Source: DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

BIODIESEL (B20) 
Interest in biodiesel fuel expanded significantly over the past decade, and the fuel is now widely 
available.  There are 171 biodiesel production plants operating across the U. S., with another 57 under 
construction and three more undergoing expansion.70  Biodiesel users can take delivery directly from 
producers, or more commonly, they may purchase the fuel from among hundreds of distributors.  
According to the National Biodiesel Board, sales of pure biodiesel have increased dramatically since 
2004 (see Figure 3.2.)  The board estimated U.S. sales grew modestly earlier in the decade, while recent 
data indicate more than a tenfold rise in sales during recent years.     

                                             

 

68 DOE Clean Cities Alternative Fuel Price Report.  January 2009. 
69 EIA Gasoline and Diesel Fuel Update  (http://tonto.eia.doe.gov/oog/info/gdu/gasdiesel.asp) 
70 National Biodiesel Board.  January 2008.   
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Source: National Biodiesel Board, 2008.   

According to the most recent Clean Cities Alternative Fuels Price Report, the national average price for 
B20 was $2.67 per gallon.71  The price history for B20 over the past two years is shown in figure 3.3.  
The figure also shows that B20 prices were very close to ULSD prices and generally followed the same 
trend.  B20 reached a high of $4.66 per gallon in July 2008, but the price has since retreated.  The 
average standard deviation of B20 price across all regions in the most recent report was $0.48.  Clean 
Cities also reports prices for other biodiesel blends, including B(2-5) and B(99-100); however, these 
prices are not included here because transit operators using biodiesel generally prefer B20.     

 
Source: DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009 

                                             

 

71 DOE Clean Cities Alternative Fuel Price Report.  January 2009.  Average price based on over 100 price points from across 
the U.S. 
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ETHANOL (E85) 
Over the past decade, the number of ethanol-producing plants operating in the U.S. grew from 50 to 
170, and annual domestic production capacity increased from approximately 1.7 billion gallons to over 
10.5 billion gallons.72  Although pure ethanol can be used as a fuel, it is usually blended with gasoline 
before being sold for use in vehicles.  95 percent pure ethanol is commonly transported to local 
distributors via truck or rail, and then blended with gasoline for distribution to retail sellers.  Ethanol 
blends are widely available, including E10, which may be used to operate any gasoline vehicle and is 
sold in place of pure gasoline in most areas of the U.S.;73 and E85, which may only be used in specially-
equipped vehicles.74  As of 2008, U.S. DOE reported that over 1,600 fueling stations in the U.S. offer 
E85 for sale as an alternate fuel.75           

According to the most recent Clean Cities Alternative Fuels Price Report, the national average price for 
ethanol (E85) was $1.81 per gallon.76  This price represents an average of prices from approximately 
300 price points around the U.S.  The average standard deviation of E85 price across all regions was 
$0.39.  It is interesting to note that prices were widely varied on a regional basis, ranging from a high of 
$2.19 in West Coast states to a low of $1.68 in Rocky Mountain states.77  Further, E85 was priced lower 
than ULSD in all regions and lower than gasoline in all but one region (West Coast states.)  A recent price 
history for E85 is displayed in Figure 3.4.  The figure also compares E85 prices with ULSD prices.  The 
comparison shows that prices for both fuel types have generally followed a similar pattern, and after 
reaching historic highs in July 2008, prices have fallen off considerably.     

 
Source: DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

                                             

 

72 Renewable Fuels Association, http://www.ehtanolrga.org/industry/statistics.   
73 Gasoline blends containing low levels of ethanol are not considered alternative fuels.  
74 DOE estimates that over eight million flexible fuel vehicles are presently in service.    
75 Ethanol blends are adjusted seasonally.  For example, fuel sold as E85 may actually contain 70 percent ethanol and 30 
percent gasoline during colder months.  (http://www.afdc.energy.gov/afdc/ethanol/e85_specs.html) 
76 DOE Clean Cities Alternative Fuel Price Report.  January 2009. 
77 The average price for E85 was $1.59 per gallon in the New England region; however, only two data price points were 
reported for this region in the current Alternative Fuel Price Report. 
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Recent federal legislation, including the Energy Policy Act of 200578 and the Energy Independence and 
Security Act of 200779, mandated increases in ethanol use and production.  Initially, these actions were 
seen as a boon to the ethanol industry (especially during summer of 2008); producers acted quickly to 
reach short term goals.  However, current low prices have raised concerns about industry ability to meet 
required levels over the long term.  As prices for preferred fuels (ULSD and gasoline) have dropped, 
demand for ethanol has also fallen, and many producers now face oversupply concerns.  Further, ethanol 
mandates led to sustained higher corn prices (approximately $4 per bushel) which have caused higher 
ethanol production costs and smaller profit margins among producers and suppliers.  As a result, new 
production facility openings have been delayed, plants have been shut down, expansion plans have been 
cancelled or scaled back, and some producers have considered filing for bankruptcy.  The situation has 
led some in the ethanol industry to call for a temporary suspension of the requirements described above.  
Other potential cost-saving measures include switching from corn as a main feedstock to non-food sources, 
such as switchgrass, wood chips, and algae.          

Gaseous Fuels 

NATURAL GAS  
Natural gas is widely available; it is transported and distributed through an extensive network of 
interstate, intrastate, and local utility pipelines.  Recent finds within the continental U.S. prompted 
increases in production and supply; approximately 84 percent of natural gas consumed in the country is 
produced domestically.  However, with almost 50 pipeline import locations, the nation is also the world’s 
largest importer of natural gas.80  In 2007, total domestic annual consumption of natural gas reached an 
historic peak of approximately 23.1 trillion cubic feet (Tcf).  EIA estimates predict global consumption of 
natural gas to increase nearly 60 percent by 2030.81  Industrial, residential, commercial, and electric 
power generation needs account for the vast majority of natural gas use, while only about one tenth of 
one percent is consumed as vehicle fuel.  However, this rate is also growing; over the past decade, total 
cubic feet of natural gas consumed as vehicle fuel more than tripled.82   

CNG – CNG is natural gas that has been compressed up to 3,600 psi.  According to the most recent 
Clean Cities Alternative Fuels Price Report, the national average price for CNG was $1.63 per gasoline 
gallon equivalent (gge).83  This total was derived from over 230 price reports, and the standard 
deviation of price was $0.64.  Based on the current report, CNG price varied widely on a regional basis, 
ranging from a high of $2.54 per gge in New England to a low of $0.88 per gge in the Rocky Mountain 
region.  Figure 3.5 illustrates CNG prices since October 2006.  It is noteworthy that although CNG prices 
have varied slightly over time, the fuel did not experience the wide price fluctuations similar to other 
fuels, including ULSD.    

                                             

 

78 Enacted July 2005.  Included provisions to increase the amount of ethanol that must be mixed with gasoline.   
79 Enacted December 2007.  Included provisions to more than triple production by 2022. 
80 EIA feature article, U.S. Natural Gas Imports and Exports: 2007.  January 2009.  
81 http://www.eia.doe.gov/neic/infosheets/natgasconsumption.html  
82 http://tonto.eia.doe.gov/dnav/ng/ng_cons_sum_dcu_nus_a.html  
83 DOE Clean Cities Alternative Fuel Price Report.  January 2009. 
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Source: DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

LNG84 – LNG is natural gas that has been cooled to its liquid state, -260°F.  In 2007, the total volume of 
LNG imported into the U.S. increased to record levels.85  However, the liquefied fuel remains a small 
portion of total natural gas imports and domestic consumption.  As a liquid, the gas requires 
approximately 600 times less storage space, but it must remain at the super-cooled temperature.  As a 
result, LNG filling stations tend to be more complex than compression stations, and the infrastructure has 
been slow to approach the extent of CNG implementation.  With limited fueling facilities and direct 
supply network available, some LNG users have the fuel delivered by truck, while others rely on pipeline 
delivery of natural gas, and then cool the gas to a liquid state at the time it is dispensed.      

HYDROGEN 
In 2005, the U.S. Department of Energy revised its cost goal for hydrogen.86  An earlier goal, set by the 
agency in 2002, targeted a price of $1.50 per gge by 2010.  The target included delivery but not 
taxes and was measured in 2001 dollars.  The new goal established a target cost range of $2 to $3 per 
gasoline gallon equivalent by 2015.  This value also reflects the delivered, untaxed cost and was to be 
measured in 2005 dollars. 

Although hydrogen is available for purchase from specialty suppliers in gas or liquid forms, the overall 
number of suppliers is low.  According to the most recent Clean Cities Alternative Fuels Price Report, the 
average price for hydrogen was $12.32 per gge.87  During summer 2008, a current user reported the 

                                             

 

84 Because LNG is commonly derived from CNG, and with no current prices for LNG widely available, only prices for CNG 
are reported in this section. 
85 EIA feature article, U.S. Natural Gas Imports and Exports: 2007.  January 2009.    
86 http://www1.eere.energy.gov/hydrogenandfuelcells/news_cost_goal.html  
87 DOE Clean Cities Alternative Fuel Price Report.  January 2009. 
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delivered price of gaseous hydrogen was $12 to $15 per kilogram, while liquid hydrogen ranged from 
$2 to $8 per gallon.88  However, liquid hydrogen must be converted to gas prior to use as fuel, which 
adds additional infrastructure costs.   

Another available option is to produce hydrogen onsite from natural gas.  Because transit use of 
hydrogen remains limited to a few demonstration projects, onsite fueling facilities are likely to be 
included as part of the research effort.  As described in chapter two, an extensive infrastructure 
investment is necessary to implement hydrogen production capabilities.  However, once in place, the cost 
of hydrogen gas produced on site is much lower than the delivered price.  For example, Sunline Transit 
Agency in California, which operates a hydrogen facility, reported current overall hydrogen gas cost 
ranged $6 to $8 per kilogram, and the agency set a goal of $4 per kilogram for the near future.89  
Safety concerns and other special handling needs regarding hydrogen, as well as the degree of 
specialization among vehicles, are additional reasons to favor the onsite hydrogen fueling station option.   

 
Source:  DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

Summary 

One of the critical tasks associated with this research effort was to report on recent price trends and 
availability among ULSD and selected alternative fuels.  The intention was twofold: to provide a 
comparative resource for transit groups considering the implementation of alternative fuels and to 
provide baseline data for the updated fuel options cost model.  While moderate variations in price were 
expected, none could have anticipated the extreme fuel cost fluctuations exhibited during the project 
period.  Figure 3.7 displays a composite of fuels considered in this study.  The graph shows a slight 
upward trend in prices over the first year, followed by a dramatic rise and fall during the following 15-
month period.  For example, gasoline prices rose 70 percent between March 2007 and July 2008, 
followed by a 110 percent plunge from the highest price by January 2009.  ULSD and B20 experienced 
similar movements; each price rose by approximately 80 percent before falling off by 93 percent and 

                                             

 

88 CUTR interview, June 2007. 
89 CUTR interview, June 2007.   
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75 percent, respectively.  E85 also exhibited dramatic changes, and although the spike associate with this 
fuel option was somewhat less severe (56 percent) the drop from the highest price in July 2008 was also 
over 80 percent.  Only CNG prices remained somewhat stabile during the study period; however, the 
most recent price was the lowest among all those reported.   

 
Source: DOE Clean Cities Alternative Fuel Price Reports, October 2006 – January 2009. 

At the time of this writing, fuel prices seem to have leveled off, and some have exhibited slight gains 
since the last price report.  While a detailed review of economic forces and global political climate are 
beyond the scope of this study, the events described above serve as distinct reminder of the volatility 
among fuel costs.  The rapid movement among prices is a strong indication that fuel consumers should 
consider preemptive development of strategies to manage such occurrences.      
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Exhaust Emissions 
The following section briefly describes critical bus exhaust pollutants reported in the fuel options cost 
model.  Specifically, the sources and potential health impacts of each emission are included, and common 
measures related to each fuel option are documented.  Average values for each emission were 
calculated across each fuel type for use as default values in the model constructed later in this report.  A 
summary table of average values is presented at the end of the section.  Data source references are also 
summarized in a table presented at the end of this section.  No emission data were available for 
hydrogen vehicles or hybrid electric vehicles operated with gasoline or biodiesel.   

Carbon Monoxide (CO) 

This emitted pollutant gas is colorless, odorless, and tasteless.  It enters the exhaust stream as a result of 
incomplete burning of carbon in the fuel.  CO is harmful to humans because it reduces the ability of red 
blood cells to transport oxygen throughout the body.  Low levels of CO can induce chest pain even 
among healthy individuals, while prolonged exposure may cause damage to the brain, heart, and other 
vital organs and tissues.  CO also contributes to the formation of smog, which may irritate the lungs and 
lead to other respiratory distress.  

Researchers documented CO emissions measured in grams per mile (g/mile) for the following fuel and 
propulsion types:  ULSD, CNG, LNG, electric, biodiesel, and hybrid electric/ULSD.  Calculation results for 
the mean, standard deviation (STD), minimum (MIN), and maximum (MAX) values are indicated in Table 
3.1.  Average values ranged from a low of 0.18 g/mile for electric buses to a high of 13.313 g/mile for 
CNG buses.     

Table 3.1.  Transit Vehicle CO Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel/Propulsion Type Mean STD Min Max 

ULSD2, 4, 5, 7 3.109 0.960 0.660 4.350 

Biodiesel (B20) 4 2.689 0.384 2.350 3.610 

Natural gas      

 / CNG5, 6 13.313 11.655 4.020 36.970 

 / LNG2 0.230 0.080 0.150 0.390 

Hybrid electric      

 /operated with ULSD7 1.550 1.040 0.270 2.810 

Battery Electric3 0.180 - 0.180 0.180 

a. Numbered citations in this table correspond to references indicated in Table 3.6.  

Nitrogen Oxides (NOx) 

Most notable among the group of air pollutants referred to as oxides of nitrogen are nitric oxide (NO) 
and nitrogen dioxide (NO2).   NO is the product of vehicle engine combustion of nitrogen at high 
temperatures, and it comprises approximately 90 percent of NOx emissions.  NO2 forms as the result of 
the oxidation of NO.  Most nitrogen oxides are odorless and colorless; however, NO2 is generally 
reddish-brown in color and has a pungent aroma.  NOx emissions also contribute to smog formation, as 
well as to acid rain, water quality deterioration, visibility reduction, and the formation of other airborne 
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toxic chemicals.  NO2 formation is a particular concern because it can develop into small particles that 
allow exposure to reach deep into human lungs causing respiratory ailments and exacerbating the 
condition of individuals in poor health.   

NOx emissions, measured in grams per mile, were noted for ULSD, CNG, LNG, biodiesel, electric, and 
hybrid electric/ULSD.  Table 3.2 lists the calculated results of the mean, standard deviation, minimum, 
and maximum values.  Average NOx emissions ranged from a low of 4.61 g/mile for electric buses to a 
high of 21.25 g/mile for LNG buses.     

Table 3.2.  Transit Vehicle NOx Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel Type Mean STD Min Max 

ULSD1, 2, 4, 5, 7 17.41 6.34 4.31 29.58 

Biodiesel (B20)1, 4 16.28 5.33 4.45 19.17 

Natural gas      

 / CNG1, 5, 6 14.81 10.40 2.84 39.42 

 / LNG2 21.25 7.20 10.80 33.20 

Hybrid electric      

 /operated with ULSD1, 7  10.32 5.59 4.14 18.12 

Battery Electric3 4.61 - 4.61 4.61 

a. Numbered citations in this table correspond to references indicated in Table 3.6. 

Hydrocarbon Compounds (HC) 

Broadly defined, hydrocarbons encompass gases, liquids, and solids.  Some, like petroleum, may be 
burned or refined into other forms to release energy, while others are formed as a byproduct of 
combustion.  Regarding vehicle emissions, reactive HCs of concern are typically referred to as non-
methane hydrocarbons and include volatile organic compounds that contribute to the formation of NO2 
and ozone.  Unlike methane, these reactive compounds ultimately develop into smog, which can cause 
health problems or worsen existing ailments.   

Researchers documented HC emissions for ULSD, electric, CNG, LNG, biodiesel, and hybrid electric/ULSD.  
Mean, standard deviation, minimum, and maximum values were calculated in grams per mile (see Table 
3.3.)  Average values ranged from a low of 0.047 g/mile for hybrid electric/ULSD buses to a high of 
1.729 g/mile for CNG buses. 

Particulate Matter (PMx) 

This group of emissions consists of fine solids and tiny, non-water liquid droplets that are dispersed in air.  
The particles, which include dust, soot, smoke, and aerosols, are said to be suspended, and they are 
classified according to size.  Specifically, particulates classified as PM10 measure 10 micrometers or less, 
and particulates classified as PM2.5 measure less than 2.5 micrometers.  The size distinction is relevant to  
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Table 3.3.  Transit Vehicle HC Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel Type Mean STD Min Max 

ULSD1, 2, 4, 5, 7 0.549 0.385 0.030 1.033 

Biodiesel (B20)1, 4 0.510 0.199 0.080 0.754 

Natural gas      

 / CNG1, 5, 6 1.729 1.493 0.580 5.440 

 / LNG2 0.050 0.010 0.030 0.070 

Hybrid electric      

 /operated with ULSD1, 7  0.047 0.039 0.000 0.100 

Battery Electric3 0.120 - 0.120 0.120 

a. Numbered citations in this table correspond to references indicated in Table 3.6. 

the depth which particles are able to penetrate human lungs and cause respiratory and cardiovascular 
health ailments.  Particulate matter commonly emitted from transit vehicles mostly comprises sulfur 
compounds, especially sulfur dioxide, which is another key component of smog and acid rain formation.  
This was a key factor in the promulgation of the new diesel fuel standard, which required a reduction in 
sulfur content from 500 parts per million (ppm) in low sulfur diesel (LSD) to 15 ppm in ultra low sulfur 
diesel (ULSD) by the end of 2006.        

CUTR recorded PM emissions measured in grams per mile for ULSD, CNG, LNG, electric, biodiesel, and 
hybrid electric/ULSD transit buses.  Table 3.4 illustrates the mean, standard deviation, minimum, and 
maximum values as calculated for inclusion in the fuel options cost model.  Average emissions were very 
low across all vehicle types, with the highest reported among ULSD buses (0.205 g/mile.) 

Table 3.4.  Transit Vehicle PMx Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel Type Mean STD Min Max 

ULSD1, 2, 4, 5, 7 0.205 0.118 0.021 0.380 

Biodiesel (B20)1, 4 0.185 0.088 0.017 0.326 

Natural gas      

 / CNG1, 5, 6 0.043 0.031 0.010 0.102 

 / LNG2 <0.010 - <0.010 <0.010 

Hybrid electric      

 /operated with ULSD1, 7  0.036 0.067 0.003 0.024 

Battery Electric3 0.020 - 0.020 0.020 

a. Numbered citations in this table correspond to references indicated in Table 3.6. 
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Carbon Dioxide (CO2) 

Another colorless, odorless gas formed as a result of burning carbon-based fuels is carbon dioxide (CO2).  
Unlike the other emissions of concern described above, CO2 is not a noxious pollutant and does not 
contribute to the formation of smog.  Additionally, CO2 is naturally present in the atmosphere and does 
not directly contribute to human health problems.  However, CO2 is considered a greenhouse gas 
associated with global warming and climate change.  As these problems have become better understood 
in recent years, concerns regarding CO2 emissions have also become increasingly important.  Further, CO2 

emissions can neither be filtered from the vehicle exhaust stream nor be reduced by adopting 
reformulated fuel standards.       

Researchers calculated the mean, standard deviation, minimum, and maximum values for CO2 emissions 
reported for ULSD, CNG, LNG, biodiesel, and hybrid electric/ULSD transit buses.  Table 3.5 illustrates 
that the average measures, which were all found to be much higher than for all previous emissions, 
ranged from a low of 2,236.10 g/mile for LNG buses to a high of 3,915.29 g/mile for ULSD buses. 

Table 3.5.  Transit Vehicle CO2 Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel Type Mean STD Min Max 

ULSD1, 2, 7 3,915.29 1,537.60 2,328.00 6,714.00 

Biodiesel (B20)1 2,746.00 629.67 2,373.00 3,473.00 

Natural gas      

 / CNG1 2,618.00 655.01 2,180.00 3,371.00 

 / LNG2 2,236.10 160.50 2,053.00 2,573.00 

Hybrid electric      

 /operated with ULSD1, 7  2,674.57 656.27 1,869.00 3,771.00 

Battery Electric3     

a. Numbered citations in this table correspond to references indicated in Table 3.6. 

Emissions Summary 

To further strengthen the fuel options cost model, one component of this research effort included a revision 
of default pollutant emissions data.  Although CUTR originally intended to gather recent information from 
participating transit agencies, none maintained such data about their fleets.  As a result, researchers 
turned to prior studies for the most recent emissions data available.  This approach provided adequate 
results, at best.  In some instances, references did not report data for every critical pollutant, while others 
focused on just a few types of alternate fuels and their associated emissions.  A summary of average 
emissions is illustrated in Table 3.6, and a key to studies referenced in Tables 3.1 – 3.6 is found in Table 
3.7.  It is notable that some data were several years old; researchers expected that modern alternative 
fuel transit vehicles generate far lower levels of pollution.  In addition, late model ULSD buses are likely 
to operate much cleaner than the results shown.  Because the analysis tool under development is designed 
to be flexible and easily modified, researchers anticipate that users of the model will plug in the most 
current emission data available prior to conducting an analysis.  Instructions for using and modifying the 
updated fuel options cost model are provided in the next chapter.  
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Table 3.6. Summary of Average Transit Vehicle Emissions (g/mile) by Fuel/Propulsion Typea 

Fuel Type CO NOx HC PMx CO2 

ULSD1, 2, 4, 5, 7 3.109 17.41 0.549 0.205 3,915.29 

Biodiesel (B20)1, 4 2.689 16.28 0.510 0.185 2,746.00 

Natural gas       

 / CNG1, 5, 6 13.313 14.81 1.729 0.043 2,618.00 

 / LNG2 0.230 21.25 0.050 <0.010 2,236.10 

Hybrid electric       

 /operated with ULSD1, 7  1.550 10.32 0.047 0.036 2,674.57 

Battery Electric3 0.180 4.61 0.120 0.020  

a. Numbered citations in this table correspond to references indicated in Table 3.7. 

 

Table 3.7.  Summary of Emissions Data Source Referencesa 

Reference CO NOx HC PMx CO2 

1. Clark, N., et. al.  Transit Bus Life Cycle Cost 
and Year 2007 Emissions Estimation.  June 
2007. 

- ULSD, B20, 
CNG, 

Hybrid/ULSD 

ULSD, B20, 
CNG, 

Hybrid/ULSD 

ULSD, B20, 
CNG, 

Hybrid/ULSD 

ULSD, B20, 
CNG, 

Hybrid/ULSD 

2. Chandler, K., et. al.  Dallas Area Rapid 
Transit’s (DART) LNG Bus Fleet: Final Results. 
Oct. 2000. 

LNG, ULSD LNG, ULSD LNG, ULSD LNG, ULSD LNG, ULSD 

3. Fowler, T. and M. Euritt.  Feasibility of 
Electric Bus Operations for Austin CMTA.  
1995. 

Battery 
Electric 

Battery 
Electric 

Battery 
Electric 

Battery 
Electric 

Battery 
Electric 

4. Proc, K., et. al.  100,000-Mile Evaluation of 
Transit Buses Operated on Biodiesel Blends 
(B20).  Oct. 2006. 

ULSD, B20 ULSD, B20 ULSD, B20 ULSD, B20 - 

5. Ayala, A.; et. al.  Diesel and CNG Heavy-
Duty Transit Bus Emissions Over Multiple 
Driving Schedules: Regulated Pollutants and 
Project Overview.  May 2002. 

ULSD, CNG ULSD, CNG ULSD, CNG ULSD, CNG  

6. Watt, G.M.  Natural Gas Vehicle Transit 
Fleets:  The Current International Experience.  
2001 

CNG CNG CNG CNG - 

7. Chandler, K. et. al.  King County Metro 
Transit Hybrid Articulated Buses: Final 
Evaluation Results.  Dec. 2006. 

ULSD, 
Hybrid/ULSD 

ULSD, 
Hybrid/ULSD 

ULSD, 
Hybrid/ULSD 

ULSD, 
Hybrid/ULSD 

ULSD, 
Hybrid/ULSD 

a: Information presented in this table refers to data presented in Tables 3.1-3.6.  For full citation, see References section of this document.   
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CHAPTER FOUR | UPDATE OF THE FUEL OPTIONS 
COST MODEL  
 

 

Introduction 
The following chapter outlines the development of the fuel options cost model from its original 
presentation in 2006 through recent updates completed in 2008.  Specifically, the conceptual framework, 
modeling technique, and composite vehicle fleet underlying the tool are described.  Next, critical 
evaluation criteria are identified and recent life-cycle cost data are described in terms of the fuel options 
cost model.  Later, the evaluation method is reviewed and updated.         

Purpose 
This research project intended to complete several concurrent tasks resulting in an updated fuel cost 
options model.  As presented in earlier chapters of this report, CUTR documented prices, availability, and 
basic infrastructure costs associated with conventional and alternative fuel types most commonly 
implemented by transit operators.  In some cases, alternative fuel options included in the original model 
were omitted from the updated tool, while others were presented for the first time.  For example, the 
number of hybrid electric bus options has grown since the inception of the original model, while the use of 
propane and methanol has substantially waned.   

At a minimum, researchers intended that the tool consist of a life-cycle cost calculator and a predictive 
emissions component to generate useful comparisons across various configurations of a transit bus fleet.  
Built using Mircosoft Excel software, the model was designed to maintain a user-friendly tool that would 
facilitate the input of data, updates, and customized information, as necessary.  Ideally, model output 
would yield distinct comparisons for use by both technical- and non-technical transit agency staff and 
other interested parties.  It is important to note that the outcome of this project is not intended as a transit 
bus fleet optimization tool.      

Proposed Model and Research Approach 
To meet the goals of this research project, CUTR adapted a straightforward research approach proven 
effective under similar conditions in the past90.  The evaluation structure followed a basic design to ensure 
consistent measurements and comparisons of relevant inputs and factors.  Specifically, the fuel options 
cost model was calibrated using a large dataset, which would provide significant default values for each 
variable.  The model is designed to allow the user to customize some or all of the default values, as 

                                             

 

90 CUTR has developed, implemented, and adapted a similar approach for at least three previous research efforts, including: 
a.) TRIMMS – Trip Reduction Impacts for Mobility Management Strategies, March 2007; b.) Hillsborough Area Regional Transit 
Authority – Phase One Report: Fixed-Route Fleet Composition Analysis and Recommendations, May 2007; and c.) Phase Two 
Final Report: Development of a Large Bus/Small Bus Decision Support Tool, February 2008.    
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necessary.  After critical input data are entered, the model performs a series of calculations to generate 
output comparisons appropriate to the specific end-user. 

To update the model described above, CUTR followed a methodical development plan.  First, the original 
fuel options cost modeling technique was reviewed, and revised evaluation criteria were identified.  
Critical updates to the fuel options database were also determined, and researchers collected as much 
recent cost data as possible.  Next, any necessary calculations were performed on raw data, and the 
resulting critical assessment factors were inserted into the database.  With all vital analytical components 
in place, the evaluation tool was calibrated, and the user interface elements were established within the 
design software.  Later, researchers tested the tool and developed a step-by-step guide for using and 
customizing the tool.  Sample calculations were also performed to test the functionality of the model.  The 
remainder of this chapter describes the model development process in greater detail.            

Modeling Technique 
As stated earlier, the intended outcome of this research project was an updated, user-friendly cost 
evaluation tool for transit bus fuel options.  The objective was to produce a model that would generate 
robust output data even when used by novice-level computer operators.  As such, the model interface was 
designed to lead users through a simple process of entering known and/or existing transit bus fleet data.  
Default values were pre-installed to account for unavailable user data.  The model also considers user-
established constraints, as well as critical factors such as emissions, life-cycle costs, and alternative fuel 
infrastructure needs.   

The following sections establish the evaluation criteria underlying the fuel cost options model and describe 
critical assessment data used to evaluate various fueling options for transit bus fleets.  Later, the 
development and implementation of the evaluation method is described in detail.  The resulting tool may 
be used to assist with decisions regarding vehicle acquisitions, deployment, and regulatory compliance, 
where applicable.    

Evaluation Criteria 
With the basic modeling framework established, the next stage in the process of updating the fuel cost 
options model was to review and revise critical inputs to the alternative fuel options database.  As 
illustrated in earlier chapters, the alternative fuels of interest included: natural gas (liquefied and 
compressed), biodiesel, various configurations of electric and hybrid electric propulsion, hydrogen, 
ethanol, and others, as necessary.  Overall, cost concerns and supporting data related to each fuel type 
were determined under three general areas: capital costs, operating costs, and infrastructure costs.  
Relevant capital cost data included bus acquisition cost per vehicle, the year each bus entered service, 
and the current age of each bus.  Critical operating factors included life-to-date labor, parts, and other 
costs per bus; life-to-date mileage per bus; fuel economy in average miles per gallon or gallon 
equivalent; and fuel price per unit and cost per mile.  Alternative fuel infrastructure data include 
implementation and maintenance costs associated with one or more of the following elements: refueling 
facilities, maintenance facility modifications, storage facilities, training, public outreach and safety efforts, 
etc.  Emissions data for each alternative fuel type are also included in the underlying database; however, 
the model does not determine societal costs associated with emissions.      

The following sections identify data sources, summarize critical findings, and describe the relevance of 
each factor to the fuel cost options model.  Specifically, researchers examined data contributed by 
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various transit agencies that operated alternatively-fueled buses, reviewed relevant data gathered 
under current and prior research efforts, and performed required preliminary calculations, where 
necessary.  For example, per-mile life-cycle costs had to be determined prior to installing these factors 
into the revised default fuel options database.  It is also noteworthy that service factors, such as 
passenger loading, passenger counting, and seating capacity of buses, were not included in this update 
of the fuel cost options model.      

Composite Fleet Overview 

In chapter two of this report, various sections included figures from the APTA transit vehicle database.  
Researchers used this annual publication as a starting point to update the composite alternative fuel 
vehicle database within the fuel options cost model.  After reviewing the APTA database, vehicles were 
sorted by fuel type, and agencies with large alternatively-fueled fleets were identified.  Researchers 
contacted each agency to describe the goals of the project and to request available data.  To facilitate 
the process and strengthen the findings, CUTR also drew on relationships established during previous 
studies.  A one-sheet project summary and data needs request was prepared and sent to appropriate 
agency contacts via email or fax.  Some agencies required a formal, written request prior to releasing 
information, while others declined to participate in the study.  Almost every contributing agency provided 
data on the condition that specific vehicle and agency identifiers would be kept confidential.  As such, 
specific information was removed prior to adding each vehicle to the composite fleet database.            

In general, interest in the project was strong; over 30 transit agencies contributed life-cycle cost data, as 
well as anecdotal information and other expert opinions.  In some cases, numbers reported in the APTA 
database were found to be erroneous.  CUTR worked with participants to acquire recent, accurate data 
in a useable spreadsheet format; however, raw data was compiled and entered by researchers, where 
necessary.  On a few occasions, CUTR provided a database template to agency staff, which then 
inserted the data and returned the electronic file to CUTR.  By the end of the data-gathering period, the 
composite fleet included over 5,800 buses across seven fuel types (see Table 4.1.)  For comparative 
purposes, ULSD vehicles were also included in the composite fleet.  It is important to note that although 
the quantity of records submitted for articulated (60-foot) buses was low (less than three percent of the  

Table 4.1.  Fuel Options Cost Model – Composite Transit Bus Fleet 

Fuel Type Count 

ULSD 1,535 

Biodiesel (varying blends) 327 

Natural gas -   

 / compressed (CNG) 3,072 

 / liquefied (LNG) 308 

Hybrid electric -   

 /operated with ULSD 137 

 /operated with gasoline 67 

 /operated with biodiesel 11 

Source: CUTR fuel options cost model database, May 2008 – January 2009 
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While the control group (ULSD buses) included vehicles from each model year during the 12-year period, 
various types of alternative fuel buses were not as widely represented.  Several factors contributed to 
this observation.  For example, some alternative fuel types, such as hybrid electric buses, were not widely 
placed into service until after 2001.  In other instances, some types were purchased only during a short 
time period, and no additional vehicles were subsequently acquired.  The distribution of biodiesel 
throughout the composite fleet is similar to ULSD because both fuels may be used in the same type of 
standard diesel bus.  Due to the large number of records received, agency insistence on anonymity, and 
lack of completeness, some common vehicle data points were not reported within the composite fleet, 
including: manufacturer, engine type, transmission type, seating capacity, vehicle length, etc.            

Cost Factors 

The original fuel options cost model, as well as other recent modeling studies completed by CUTR, have 
demonstrated the critical importance of selected cost variables.  Upon receipt of raw cost data, variable 
and fixed cost factors were calculated prior to insertion into the database.  Specific cost factors included 
capital costs incurred to acquire vehicle replacements and construct fueling facilities; variable life-cycle 
operating costs for fuel, vehicle maintenance, and vehicle parts; and facility operating costs for 
alternative fueling facility maintenance and modifications.  Operating costs were calculated on a life-to-
date (LTD) average annual basis.  LTD is a descriptive period of time that starts when an asset is 
acquired and placed into service, and it continues until the time that data are programmed into the 
analysis.  The cost estimates and fuel efficiency parameters derived from the database are then used to 
conduct a cost comparison of the alternative fuels of interest.  In addition to the average annual totals, 
researchers calculated the standard deviation, the minimum value, and the maximum value by model 
year for each critical factor.  Within each alternative, a median year for comparison is then determined.  
Assessment factors, including fixed costs, variable costs, usage intensity levels, and annualized costs, are 
discussed throughout the remainder of this section.   

Vehicle acquisition cost – The purchase price of a transit vehicle is considered a fixed cost.    Assuming 
the costs were reported in actual dollars, the cost figures were adjusted to current 2007 dollars.91  
Researchers calculated the average acquisition cost for each model year by fuel type, and each average 
was normalized to 2007 dollars.  Using the normalized costs, the average acquisition cost was 
determined for each fuel type.  As a result of this analysis, the default average acquisition costs for each 
alternative fuel bus type in the fuel options cost model composite fleet are reported in Table 4.2.  Table 
values exclude costs for 60-foot buses.   

Average annual miles – Vehicle fleet usage intensity is a basic component of a life-cycle cost analysis.  
This variable is described as the LTD average annual miles driven, and it is calculated by dividing the 
total vehicle miles driven by the age, in years, of the vehicle.  The standard deviation and the minimum 
and maximum values across each model year were determined by fuel type.  This calculation was a 
necessary first step to determine subsequent assessment factors, such as per mile maintenance and fuel 
costs. 

                                             

 

91 Dollar figures were transformed into 2007 dollars using the Consumer Price Index inflation calculator designed by the 
Bureau of Labor Statistics (BLS) (http://data.bls.gov.cgi-bin/cpicalc.pl)  
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Table 4.2.  Fuel Options Cost Model – Average Bus Acquisition 
Costs by Fuel Typea 

Fuel Type Vehicle Cost 

ULSD $324,299 

Biodiesel  $320,336 

CNG  $387,608 

LNG $392, 766 

Hybrid electric/ULSD  $471,530 

Hybrid electric/biodiesel $471,530 

Hybrid electric/gasoline $507,071 

Hydrogen fuel cell $3,560,000 

a: Values reported in 2007 dollars 

Source: CUTR fuel options cost model database, May 2008 – January 2009 

 

Average miles per gallon – Fuel efficiency is another basic component of a life-cycle cost analysis.  In 
the case of the fuel options cost model, researchers accounted for fuels distributed by gallon and 
alternatives distributed by gallon equivalent (GGE).  This variable is determined by dividing the LTD 
average annual miles by the LTD average annual fuel consumption.  This calculation is another necessary 
first step to determine subsequent assessment factors, such as per mile maintenance and fuel costs.  In 
some cases, transit agencies that contributed data to this project did not report fuel consumption.  Other 
datasets received included pre-determined fuel efficiency numbers, while still others reported neither fuel 
efficiency nor fuel consumption.  However, prior research experience indicates that it is reasonable to 
assume average fuel efficiency of a single bus or groups of buses within a specific model year is likely to 
be similar to other vehicles within the same model year92.  This assumption is further strengthened in cases 
where buses are produced by the same manufacturer, have similar operating and/or physical 
characteristics, or were acquired under the same purchase order.  The standard deviation, the minimum 
value, and the maximum values across each model year were determined also determined for fuel 
efficiency.  

Average per mile fuel cost – LTD average per mile fuel cost is a variable operating cost based on fuel 
cost and fuel efficiency.  Specifically, the average per gallon (or gallon equivalent) fuel cost is divided 
by the average miles per gallon (or gallon equivalent) to determine critical per mile fuel cost used for 
comparison in the fuel options cost model.  The modeling tool is configured to insert the most current per 
unit fuel cost for each fuel considered in the comparison.            

                                             

 

92 CUTR.  Hillsborough Area Regional Transit Authority – Phase One Report: Fixed-Route Fleet Composition Analysis and 
Recommendations, May 2007; and Phase Two Final Report: Development of a Large Bus/Small Bus Decision Support Tool, 
February 2008. 
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Average per mile maintenance cost – Typically, the definition of maintenance costs varies by transit 
agency; however, labor costs generally comprise most costs reported under this factor.  To calculate the 
LTD average per mile maintenance costs, the average annual LTD labor or maintenance cost is divided 
by the LTD average annual miles.  Per mile maintenance costs are considered a variable cost.  In some 
cases, CUTR received data that included a per mile maintenance cost figure calculated by vehicle, while 
in other cases, researchers calculated the figure based on raw data received.  As before, the standard 
deviation, the minimum, and the maximum per mile costs were calculated by vehicle model year for each 
fuel type in the database.  Further, in a few cases, data received included separate maintenance costs 
labeled “other,” “outside,” etc.  Such costs were added to raw maintenance cost data prior to calculating 
the average annual per mile cost.       

Average per mile parts cost – Parts are another variable operating cost critical to the fuel options 
comparison tool.  Where necessary, the per vehicle LTD parts cost is divided by vehicle age in years to 
determine the LTD average annual parts costs.  As with maintenance costs, the LTD average annual per 
mile parts cost is then calculated as the outcome of dividing the average annual parts cost by the LTD 
average annual miles.  This calculation is completed for each vehicle and summarized by model year and 
fuel type.  Related standard deviation, maximum, and minimum values are also calculated.  In some 
instances, raw data received from participating transit agencies included more than one category for 
parts costs.  As with maintenance costs, multiple parts cost categories were combined prior to the per mile 
calculation, which yielded only one parts cost figure per vehicle.      

Other costs – Alternative fuel infrastructure costs vary according to fuel type.  The fuel cost options 
model generates an average of fixed capital costs related to alternative fuel fueling facility construction 
as well as average annualized operating costs related to regular maintenance, replacements, 
modifications, and other critical functions related to using alternative fuels.  The model output illustrates 
such costs on an annualized basis and includes them in the overall per mile operating cost figure.   

Average per mile total operating costs – The fuel options cost model incorporates total fuel costs, total 
maintenance costs, and total annual operating costs described above to generate a summary result 
indicated as the total operating cost per mile.  This metric is then referenced to compute the total 
annualized cost per mile and the local share annualized cost per mile for each alternative fuel included in 
the comparison analysis.  
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Fuel Options Cost Model Implementation 
The fuel cost options model is designed to provide estimates of total costs, costs to FDOT, and costs to the 
implementing transit agency, based on a set of user-defined inputs, including: the quantity of buses to be 
procured, average annual mileage, discount rate, cost share, and fuel alternatives under consideration.  
The model output includes a spreadsheet representation of the results along with graphical 
representations of critical outcomes for easy comparison.  For each alternative fuel option, the tool 
calculates: total annual maintenance costs and cost per mile, total annualized operating costs and costs 
per mile, total annualized infrastructure costs and cost per mile, and total emissions.  The following section 
presents the analytical framework underlying the sketch-planning tool.     

Evaluation Method 

The fuel cost options model developed and revised under this research project functions according to the 
following progression:   

1. The user selects the alternative fuel(s) of interest for comparison. 
2. The user provides information regarding the current and programmed bus requisition schedule. 
3. The user inputs vehicle life cycle variables, including: cost share percent, discount rate, expected 

bus life in years, average annual miles, anticipated alternative fueling facility life, and battery 
life and cost for hybrid electric vehicles.  For any unavailable variables, the model uses pre-
programmed default values, as necessary. 

4. Based on the fleet composition and the variable inputs, the model computes total capital costs, 
total and average annual per mile operating costs, total and average annualized costs, and the 
total and average local share of annualized costs. 

5. The model generates a comparison of bus emissions, including values in grams per mile for the 
mean, standard deviation, minimum, and maximum relevant to each critical pollutant. 

6. If the user desires, the model can perform a Monte Carlo sensitivity analysis.93  The result includes 
a graphical display for each analyzed fuel type, which indicates the range around the mean of 
each expected cost. 

Commonly, spreadsheet models are designed to produce single-point or range estimates.  Point estimates 
refer to the use of single, most likely values of uncertain variables, while range estimates usually 
encompass low, medium, and high scenarios constructed informally.  The final decision typically relies on a 
single-point estimate, which does not indicate the likelihood of achieving a specific outcome. While single-
point estimates might tell what is possible, they do not tell what is probable.  Furthermore, each scenario 
modification must be implemented by changing the cell values of the cost inputs one at the time, which 
renders the exploration of the entire range of outcomes technically unfeasible.   

To overcome the constraints described above, the fuel options cost model utilizes a simulation procedure.  
By modeling each cost input as a random variable with a predetermined probable behavior, each of the 
resulting scenarios is attributed to a likelihood or probability of occurring.94  Then, the analysis is carried 
                                             

 

93 A Monte Carlo analysis uses repetitive random sampling within a modeling framework to generate a best estimate from 
among hundreds or thousands of possible outcomes.     
94 An add-in to Excel allows the simultaneous replication of thousands of realizations for each spreadsheet input and output 
value.  Each realization is saved to construct a probability distribution, which indicates the normal statistical measure of 
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out by analyzing thousands of realizations of cost comparison measures by means of statistical inference.  
The results, called forecasts, are compared by computing the chance, or certainty level, of any forecasted 
value falling within a range.95   

The fuel options cost model includes a sensitivity analysis component.  Specifically, the behavior of the 
model cost inputs is analyzed to determine their influence on the overall variability of the cost comparison 
analysis.  This portion of the analysis indicates the validity of cost estimates and stochastic assumptions, 
and illustrates the impact of cost changes on the results.  As described above, the database provides cost 
inputs in the form of ranges.  If a small change in a parameter causes a relatively large change in the 
outcome, the outcome is said to be sensitive to that parameter. This may indicate that the parameter has 
to be determined very accurately or that the alternative has to be redesigned for low sensitivity. 

In this case, sensitivity analysis helps uncover the influence each assumed value has on a correspondingly 
forecasted cell of alternative fuel options that perform weakly in the comparative analysis.  The analysis 
is completed after studying a series of charts that display the impact of each assumption according to the 
forecasted variability.  The next chapter serves as a user’s guide for the updated modeling tool. 

  

                                                                                                                                                          

 

dispersion around the mean.  Confidence intervals around the estimated sample means can then be constructed to allow 
inference analysis, as well as risk assessment. 
95 The forecast results show not only the different resulting values for each forecast, but also the probability of obtaining any 
value.  The chance of any forecast lying between (–) Infinity and (+) Infinity is always 100 percent.  On the other hand, the 
certainty of the same forecasts falling between a given range of values is less than 100 percent.  As a result, the certainty 
level shows the probability of achieving the values within a specific range.  Alternately, the model allows a certainty level to 
be obtained within a specific range centered on the median value of the forecast. 
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CHAPTER SIX | CONCLUSIONS AND 
RECOMMENDATIONS 
 

 

Earlier chapters of this report presented background information about selected alternative fuels and 
alternative propulsion systems; reported on fuel price trends and critical pollutant emissions; and 
documented recent enhancements made to the alternative fuels planning tool intended for use by public 
transit planners and transportation policymakers.  Within this framework, many specific tasks were 
completed to develop the latest version of the fuel options cost model, now referred to as BuFFeT©.  
Supporting data, including operating concerns, maintenance costs, infrastructure requirements, historical 
and ongoing developments, and applicable regulations, were compiled from earlier studies, prior CUTR 
research efforts, government documentation, and current investigative activities.  A composite heavy-duty 
bus fleet was assembled using data contributed by over 30 transit agencies in the U.S.  Life-cycle cost 
parameters, including fixed capital costs for vehicle replacement and infrastructure construction; variable 
operating costs for fuel, vehicle maintenance, and vehicle parts; and facility operating costs for 
alternative fueling station maintenance and modifications; were calculated on a life-to-date average 
annual basis and inserted into the model as default values.  Later, the evaluation technique was refined 
and tested, and a user guide was developed for the finalized analysis tool.  

The research approach followed here is consistent with earlier life-cycle cost analysis tools developed for 
transit bus planning.  One prior effort suggested the creation of a specific model to investigate and 
compare alternatively fueled vehicles.  For the research at hand, ULSD serves as a baseline for 
comparison to biodiesel, ethanol, compressed- and liquefied natural gas, hydrogen, and several types of 
hybrid battery electric buses.  Because few or no transit vehicles operated using methanol or propane, 
these fuels were not included in BuFFeT©.  To account for potential future developments in the field, a 
user-defined category was included among the fuel options analysis.  Here, the user may enter known or 
estimated values for analysis parameters.   

BuFFeT© is especially useful because in addition to a spreadsheet table of numerical results, the 
comparative analysis output also includes two types of comparison charts.  The first chart type may be 
configured to compare each cost variable individually across the fuels included in the analysis.  The 
second output chart illustrates the total annualized costs associated with each fuel.  In this case, the chart 
may not be customized.        

The ability to customize the tool is a fundamental strength of BuFFeT©.  Analyst users may compare their 
existing petroleum diesel heavy-duty bus fleet to one or several alternative fueling scenarios.  
Additionally, the user may override some or all of the default values for life-cycle costs and other 
parameters.  As a result, the strong analysis tool is flexible enough to be implemented by a wide variety 
of end-users.  This feature also allows the evaluation method to be applied to very specific transit agency 
needs.     

The utility of BuFFeT is further strengthened by the inclusion of two optional analysis components.  For 
each fueling option under consideration, the model is able to generate a comparison of bus emissions, 
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measured in grams per mile, regarding critical pollutants.  A sensitivity analysis of fuel prices may also 
be performed for each fuel selected.  Here, the model predicts the impacts of fuel price variability and 
forecasts the results as a graphical illustration around the mean value distribution curve.    

Beyond producing an updated comparative analysis tool, the data collection portion of this research 
project revealed several useful facts related to alternative fuels and transit buses: 

• Most transit operators experienced a smooth transition to ULSD fuel.  Many converted to the 
reformulated fuel well in advance of the mandatory deadline.   

• The use of biodiesel fuel continues to expand.  Operators commonly experiment with different 
blends before selecting one option that is best suited to their needs.  As the price of biodiesel has 
approached the price of ULSD, the bio-fuel has become a more attractive option for transit 
groups. 

• Ethanol is rarely used as a transit fuel in the U.S., if at all.  However, a significant ongoing trial 
implementation among several cities in the E.U. may generate greater interest, if the results are 
positive.  Although corn has been shown to be a mostly inefficient feedstock for ethanol, many 
producers are experimenting with alternative source plants.  A breakthrough with one or more 
bio-sources may increase the feasibility of ethanol as a transit bus fuel.   

• CNG vehicles are the most numerous alternative in use, and their use seems to be growing.  Many 
underwhelming early experiences with CNG buses caused operators to phase out their 
deployment.  Many operators reportedly would not consider CNG vehicles unless mandated to do 
so.  Modern ULSD bus designs have been shown to be more efficient and less costly than older 
CNG models; this has led some operators to revert back to new ULSD buses. 

• Although hydrogen as a fuel source continues to generate interest, hydrogen vehicles and 
infrastructure requirements remain prohibitively expensive.  Further, the most readily available 
and least costly source for hydrogen is natural gas, which is a fossil fuel. 

• Hybrid electric diesel buses are a popular choice among operators seeking alternative fuel 
vehicles.  Although initial vehicle procurement costs are higher, hybrid technology continues to be 
refined and improved.  New configurations include hybrid CNG, hybrid gasoline, and hybrid 
biodiesel.   

• Among the cleanest vehicle options, deployment of battery electric transit buses is extremely 
limited.  Although battery technology has improved, the use of full time electric vehicles remains 
costly, and many operators believe the vehicles are unreliable.  

• Fuel costs varied widely during the project period.  An historic rise in petroleum prices, followed 
by an equally historic drop, was reflected in almost all fuel types.  (CNG prices remained 
relatively constant throughout the period.)  These events further reinforced the need for transit 
operators to consider fuel alternatives and to be prepared to make changes quickly, when 
necessary.   

At the conclusion of this study, researchers also identified limitations of the research and suggested 
potential remedies for the future.  CUTR also identified areas for future consideration and possible 
additional study: 

• Emissions data for transit buses were included in this study.  However, the data continue to be 
somewhat erratic, with limited availability.  CO2 data were especially difficult to obtain.  As 
additional data with greater accuracy become available, BuFFeT© is designed to be flexible and 
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to allow user modifications.  CUTR may be called on to update the default database to include a 
wider array of data, which will improve the accuracy of the modeling tool.   

• Researchers were also concerned about static prices for fuel and other cost parameters included 
in the tool.  As demonstrated during the project period, fuel prices may fluctuate widely, which 
could weaken the overall analysis and results.  Future modifications to BuFFeT© may include 
installing the tool as a web-based application with connections to real-time fuel costs that could 
automatically link to the most current fuel price data.      

• The default database installed in the model is also fixed.  Another possible advantage of a web-
based application is to design the system to capture user data and automatically incorporate it 
into the default database.   

• To provide greater utility to users, a future enhancement to the tool might be to base the life of 
the bus on mileage, rather than or in addition to, years.   

• In trial demonstrations, workshop participants received the model with enthusiasm.  Interested 
attendees suggested that the usefulness of the tool would expand if the analysis were able to 
accommodate a mixed fleet comprising several fuel types.  Future study might consider a method 
to satisfy this concept.     
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APPENDIX A | THE POTENTIAL FOR A FLORIDA-
BASED HYDROGEN BUS DEMONSTRATION 
PROJECT 
 

Introduction 

As attention to climate change increases, petroleum prices continue to rise and air quality concerns mount, 
public transportation managers are increasingly considering alternatively fueled buses.  The Florida 
Department of Transportation, in its role of supporting public transportation, has expressed a keen 
interest in understanding the costs and operations of alternatively fueled transit buses.  This interest stems 
from the Department’s mission of promoting and growing mobility options for Floridians. Specifically, the 
FDOT Public Transit Office’s mission is to  

"Identify, support, advance and manage cost effective, efficient and safe transportation systems and 
alternatives to maximize the passenger carrying capacity of surface transportation facilities." 

FDOT funds up to 50 percent of the non-federal share of transit capital projects for local transit 
providers that are eligible for Federal Transit Administration funding.  In addition, through the Florida 
Maintenance Training and Technical Assistance Program (FMTP) established in 1991, FDOT provides 
relevant training to Florida’s transit maintenance technicians and technical assistance to transit 
maintenance managers.  The manager of this program is committed to have the transit maintenance 
workforce prepared to efficiently service the next generation of transit vehicles.    

The FDOT Public Transit Office has engaged over many years the Center for Urban Transportation 
Research at the University of South Florida (CUTR) to provide support for a myriad of activities.  One of 
those activities has been to work with the transit providers in the state to develop a better understanding 
of the costs and maintenance challenges associated with operating transit vehicles that are powered by 
means other than the traditional diesel engine.  Under an existing contract with CUTR, the Department has 
asked that the prospect of a hydrogen fuel bus demonstration project be evaluated and, if feasible, 
implemented with one of the public transit providers in Florida. 

It has been determined through discussions that Tallahassee as the state capital would be an ideal 
candidate for a potential hydrogen project.  The leadership at Star Metro (Tallahassee’s transit agency) 
is engaged and enthusiastic about the prospect of hosting a demonstration of future technology.  This 
paper is intended to be a starting point for discussion with and consideration by those stakeholders that 
will be required to move this concept to implementation. 

Project Purpose 

There are several hydrogen transit bus projects that have been implemented across the United States to 
test the feasibility of this fuel and propulsion system in urban transportation applications.  This project 
would build on the existing knowledge base by employing up-to-date components, complement the 
state’s initiative to enhance the geographic reach of the hydrogen fuel distribution network and serve as 
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a training ground for transit maintenance and operating personnel to ensure their readiness as the use of 
this alternative fuel becomes more main stream. 

The training and technology transfer component of this proposed project is significant in that Florida now 
has 27 transit properties providing fixed-route service.  There is great potential for this demonstration to 
provide personnel from many agencies with familiarity with the technology as well as detailed 
knowledge of maintenance, fueling and safety procedures associated with hydrogen as a vehicle fuel. 

The project would also serve as a visible sign of the Florida’s and Tallahassee’s commitment to investing in 
more sustainable and environmentally sensitive transportation.  The opportunity to implement a 
demonstration in the state capital also has the added benefit of serving to educate and inform statewide 
policy makers on the benefits of alternatives to diesel powered heavy-duty vehicles.       

Technology Considerations 

Hydrogen can be used as fuel in several ways to power a transit vehicle.  For a full-sized (40-foot) bus, 
two methods are: a) a hydrogen fuel cell hybrid electric power unit (fuel cell) or b) an internal combustion 
engine hybrid electric unit that uses hydrogen in lieu of a traditional fuel (HICE).  The fuel cell approach is 
a far more advanced technology than the HICE, and the costs associated with fuel cell buses are 
significantly higher.  A smaller transit vehicle like those used in demand-response service can be powered 
without a hybrid drive system and simply use a conventional V-10 engine modified to run on hydrogen.  
This particular technology is currently being demonstrated in the Orlando area in partnership with their 
convention bureau, airport and a tourist attraction.  Given that this approach currently has little prospect 
for the propulsion of a heavy-duty vehicle and is already being demonstrated, it is recommended that it 
not be pursued for the Tallahassee project. 

If the decisions and funding are in place to proceed with a demonstration, the source of the fuel will be a 
significant consideration.  The fuel can be bought and trucked to the fueling site or can be locally 
produced.  Hydrogen can be produced in modest quantities somewhat economically through electrolysis, 
which entails applying an electric current to water to separate the Hydrogen from Oxygen.  Some transit 
agencies have done this through the use of solar or wind generated electricity to gain a truly zero 
emission transportation mode from “wells to wheels.”  The electricity and equipment costs and the process 
itself does not currently indicate that electrolysis can practically produce sufficient amounts of hydrogen 
to fuel one or two transit buses in daily service.  Several agencies do produce their fuel on site by using 
natural gas, through a process called steam reformulation. Hydrogen can be produced from natural gas 
somewhat competitively.  Although there are some greenhouse gas emissions generated from this process, 
it can provide more than sufficient supplies of hydrogen for a few buses in a demonstration project.  The 
fact that the transit system and the local gas utility are both owned and operated by the City of 
Tallahassee is an advantage, if this fuel path is chosen.      

Project Organization 

It is proposed that an oversight policy level group be established to guide the project development and 
implementation.  This group should be small enough to remain effective yet be inclusive enough to 
represent all of the stakeholders with an interest in bringing a hydrogen bus demonstration project to 
Tallahassee.  It should include leaders from the environmental, transportation, energy, economic 
development, and academic communities.   
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This group tentatively named, Hydrogen Coalition of Tallahassee or “HyCOT” for short, will house several 
functions and serve to provide policy direction and advocacy to assist in securing project acceptance and 
funding.  Reporting to a policy group will be the project working group comprised of program and 
operating personnel from Star Metro, FDOT and CUTR.  There may be the need for several 
subcommittees to deal with issues, such as public outreach and education and fuel supply that will draw 
on specific areas of expertise.   

The Policy Board is generally expected to meet on a quarterly basis in order to keep up to date on 
progress, while the working group and subcommittees will interact more frequently during various phases 
of the project.  

HyCOT Organizational Proposal 
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 Development of Specific Project Proposal- number of vehicles, type of service, fueling options 
 Workforce Education 
 Citizen Outreach and Education 
 Secure Funding 
 Contracting and Procurement 
 Construction and Vehicle Delivery 
 Testing and De-bugging 
 Workforce Training 
 Service Start 
 Develop Statewide Transit Maintenance Training/ Exposure Program 
 Public Education and Outreach 
 Project Evaluation 
 On-Going Education of Students, Statewide Transit Workforce, Elected Officials. . . 

  

Potential Costs  

It is clear from the research, field visits and knowledge of those involved in this effort to date that the 
costs of the hydrogen bus demonstration project will vary dramatically based on the technology selected, 
the number vehicles desired and the fueling option selected.  To give this issue some sense of scale, cost 
data are presented below for several project scenarios.  While it seems that a hydrogen fuel cell bus 
with on-site fuel production project would be the most technologically attractive, it will by far be the most 
expensive.  

The table below shows the assumptions used to attempt some very preliminary cost comparisons in order 
to start the dialogue about the concept of a project.  This simplistic analysis does not include costs such as 
staff time to coordinate the project or modifications to existing facilities that will ultimately be required if 
a hydrogen bus project is realized.  These costs will be refined and update throughout the early phase of 
the project development. 

 



 An Update of the Fuel Options Cost Model     
 

August 2009  
Page 73 

 

 

Four scenarios, based these assumptions, were calculated in order to get a relative sense of scale of some 
cost differentials.  The scenarios involve both fuel cell and HICE buses with and without on-site fuel 
production from natural gas.  Each assumes that the project would involve two of the same kind of bus 
that would be placed in service at 30,000 miles per year.  This is significantly below the average of 
48,000 vehicle miles per year driven for a Star Metro bus and may be generous given the sophistication 
and evolution of the technology.  The following table presents the results of the calculations. 

 

 

Again, these costs should not be viewed as absolute or refined estimates.  Estimates will be developed 
for specific project concepts once several policy decisions have been made. The table will be helpful in 

Vehicle Acquisition 
Hydrogen Fuel Cell - 40' Bus $3.5 million each 9.5 miles/gal
HICE - 40' Bus $1.5 million each 6 miles/gal

Fueling Infrastructure
Generation $1 million $500K/ year maintenance
Station $2.5 million 1 FTE Technician 
Purchase of Fuel $15/ Kg
1 Kg of H = 1 gal of diesel

Other Costs 
Additional Technicians 3 FTEs
Public Outreach & Education 1 FTE

Assumptions 
2 vehicles 
30,000 miles per year each
$50,000 annually per FTE
5 year project
H cost = $15/Kg
H production cost = $2/Kg

Scenarios
Capital Costs Fuel Costs 5 Year Total

1. Two Fuel Cell Buses -               
Steam Reformulate on Site

$10.5 million $12.6k/yr $16 million +/-

2. Two Fuel Cell Buses - 
Purchase Fuel $7.0 million $94.7k/yr $9 million +/-

3. Two HICE Buses -                    
Steam Reformulate on Site $6.5 million $20k/yr $11 million +/-

4. Two HICE Buses -       
Purchase Fuel $3.0 million $150k/yr $5 million +/-

$750k/yr

$200k/yr

$750k/yr

$200k/yr

Operating Costs
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policy deliberations such as the question of building and maintaining on site fueling capability.  While it 
seems clear that this would not be cost effective to only demonstrate two transit buses, if the agency or 
the City had plans to use hydrogen more extensively in the municipal fleet or if a market for industrial or 
commercial use is anticipated, this would change the economics considerably.   

Next Steps    

This paper lays out a preliminary approach to moving towards a hydrogen bus demonstration project for 
Tallahassee and attempts to identify some of the early decisions that must be made.  The HyCOT Policy 
Board and Working Group should be formalized and begin to gauge the acceptance of the local 
governing officials.  At the same time, discussions should begin to gain consensus on the technology that 
will be deployed and a decision made on the ways that the vehicles will be used.  If they are to be 
placed in regular service, the issues of reliability and redundancy must be addressed early.  Further, if 
visibility to promote zero emission vehicles is a major goal, then perhaps an airport shuttle service would 
be in order.  This then, could lead to other potential fleet users associated with the airport to consider 
hydrogen as a fuel and impact fueling site decisions.  

Once formalized, the HyCOT Policy Board could provide some valuable and early direction for the 
project.  
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APPENDIX B | BuFFeT© – ANALYSIS SAMPLES 
 

The original scope of work for this project included a provision for CUTR to run the updated fuel options 
cost model for Florida transit agencies upon request during the course of the project.  This provision 
benefited all interested parties because the requesting agency did not have to wait until the end of the 
project period to receive analysis results, and researchers were able to include the outcome as a sample 
analysis in the written final report.  CUTR used the model to perform each sample analysis, interpreted 
the results, and presented findings in varied formats.                      

The following sections utilize two different scenarios to demonstrate the practical capabilities of BuFFeT©.  
The first sample was designed to compare ULSD buses across several types of alternative fuel options, 
and the second was configured specifically to compare USLD buses to CNG buses.  Tables and bar 
graphs included in the following scenarios were created for illustrative purposes only; they are not the 
direct result of the BuFFeT© application (except where noted.)   

BuFFeT© Sample Analysis – Scenario One 
A Florida transit agency requested CUTR to use the fuel options cost model to compare an existing transit 
bus fleet across a range of potential alternative fuel vehicles.  The agency provided critical input data, 
including the quantity and fuel economy of current buses by model year and the expected requisition 
schedule for replacement vehicles (see Table B1.)    The model normally assumes a 12-year life span for 
heavy-duty buses and a one-to-one vehicle replacement schedule.  Fleet data revealed that the 
requesting agency generally maintained this trend, and the schedule indicated the agency’s intent to 
acquire nine additional buses by 2020.  Further, 2008 model year buses appear in both columns 
because they were initially acquired to replace 1996 and earlier model year buses, yet they were 
already in operation at the time of the analysis.     

Table B1.  BuFFeT© Sample Analysis – Scenario One: 
Current Fleet Composition and Replacement Schedule 

Existing Fleet Data Replacement Requisition Schedule 
Model Year Count MPG Model Year Expected Count 
pre-1996 20 3.31   
1996 9 2.95 2008 5 
1997 0 - 2009 8 
1998 0 - 2010 25 
2001 13 2.97 2013 13 
2003 2 4.23 2015 2 
2005 9 3.25 2017 9 
2006 5 3.64 2018 5 
2007 10 3.87 2019 10 
2008 5 2.19 2020 5 
Totals 73   82 

 
Based on the data provided, CUTR determined the overall average fuel economy across the existing 
fleet of ULSD buses to be 3.25 miles per gallon.  Additional data required to perform the sample 
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analysis included current fuel prices and the average acquisition cost for a ULSD bus adjusted to 2007 
dollars (see Table B2.)  Fuel cost default values reflect current prices at the time of the analysis.     
 

Table B2.  BuFFeT© Sample Analysis – Scenario One: 
Summary of Assumptions and Other Required Data 

Average per ULSD vehicle acquisition 
cost (2007 $) 

$315,446 

ULSD cost per gallon   $ 4.71 
CNG cost per gallon equivalent  $ 2.34  
LNG cost per gallon equivalent  $ 3.45  
Biodiesel (B20) cost per gallon:  $ 4.66 
Ethanol (E85) cost per gallon:  $ 3.27 
Gasoline cost per gallon: $ 3.91 
Expected bus life cycle (in years): 12 
Average fuel efficiency for current 
fleet (in miles per gallon): 3.25 

 

Analysis Results – Scenario One 

Figure B1 displays the complete BuFFeT© output table.  Based on the assumptions and input data, the 
table indicates specific costs that the agency can expect to incur using each fuel type for the proposed 
82-vehicle heavy-duty bus fleet.  Specific output categories include total capital costs, fuel costs, and 
maintenance costs, as well as total annual operating costs and total annualized cost per mile.  Following 
the output table, a series of comparative figures is included to demonstrate how the end-user can utilize 
the results. 
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Figure B1. BuFFeT© Sample Analysis – Scenario One: Analysis Results Output Table 

 
Source: BuFFeT© – Sample Analysis Results 

With the exception of biodiesel, the results of the sample analysis show that vehicle acquisition costs for 
standard ULSD buses are lower than common alternative fuel options.  The implementation of biodiesel in 
new or existing ULSD buses generally involves minimal additional costs (see Figures B2a and B2b.)  The 
figures also show that acquisition costs for CNG and LNG buses are similar to each other, and they 
generally exceed diesel bus costs by approximately 15 to 25 percent.  In addition, the model output 
indicates that hybrid electric buses, regardless of type, are significantly more expensive to acquire than 
diesel buses.   

The total cost of implementing a fleet of alternative fuel buses is not limited to the sum of vehicle 
acquisition prices.  Each alternative fuel or propulsion method necessitates specific infrastructure 
accommodations that must be established prior to the initial deployment of new vehicles.  As such, 
BuFFeT© is designed to indicate total capital expenditures associated with each alternative.  For the 
sample analysis, the total capital cost line on the output table includes the total purchase price for 82 
vehicles plus the cost of fueling facilities, if any.  In this case, the total capital cost for CNG includes 
approximately $2.9 million for the average cost of constructing and implementing the necessary 
infrastructure.  Figures B3a and B3b compare total capital costs across each alternative. 
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BuFFeT© Sample Analysis – Scenario Two 
Prompted by a city council inquiry, a transit maintenance manager contacted CUTR for more information 
about alternative fuel buses.  Specifically, the council was interested in comparing the cost effectiveness 
and environmental impacts of replacing the existing bus fleet of 107 ULSD buses with a fleet comprising 
107 CNG buses.  As such, the request and subsequent analysis results provided an excellent opportunity 
to demonstrate specific capabilities of BuFFeT©.  While the earlier sample analysis compared costs across 
several alternative fuel types, the second scenario focused on comparison of ULSD to a single alternative.  
In addition, the second example included a request to review vehicle emissions, which was not a concern 
under scenario one.  Further, the agency requested that the analysis consider both 12- and 15-year 
vehicle replacement schedules.   

As before, researchers requested available fleet and life cycle cost data from the transit group.  Current, 
reliable life cycle cost data were unavailable, but the agency provided the quantity of current buses by 
model year and the expected requisition schedule for replacement vehicles (see Table B3), as well as the 
averages of fuel economy and bus acquisition costs from across the fleet (see Table B4.)  The agency was 
particularly interested in the following comparisons between ULSD and CNG buses:  capital costs, 
operational costs, emissions data, fueling infrastructure and maintenance costs, and maintenance facility 
upgrade costs. 

Table B3.  BuFFeT© Sample Analysis – Scenario Two: 
Current Fleet Composition and Replacement Schedule 

Existing Fleet Data Replacement Requisition Schedule 
Model Year Count Model Year Expected Count 

1989 10 2008 10 
1991 11 2009 11 
1994 8 2010 8 
1995 12 2011 12 
1996 7 2012 7 
1997 5 2013 5 
2001 23 2014 23 
2005 10 2017 10 
2006 4 2018 4 
2007 17 2019 17 
Totals 107  107 

 
Table B4.  BuFFeT© Sample Analysis – Scenario Two: 
Summary of Assumptions and Other Required Data 

Average per vehicle (ULSD) acquisition cost (2007 $) $366,000 
ULSD cost per gallon   $ 3.89 
CNG cost per gallon equivalent  $ 1.93  
Expected bus life cycle (in years): 12 & 15 
Average fuel efficiency for current fleet  
(in miles per gallon): 

3.36 
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Analysis Results – Scenario Two 

For the second sample analysis, BuFFeT© generated an output table for each vehicle life-span considered 
(return to Figure B-1 for an example of a BuFFeT© output table.)  Based on the assumptions and 
available input data, the model identified specific costs the agency could expect to incur for a 107-
vehicle heavy-duty bus fleet fueled by ULSD or CNG.  Overall cost areas presented in the output include 
capital costs, operating costs, and annualized costs.  Although the initiating agency requested an analysis 
for two different bus life spans (12- and 15-year durations), it is important to note that the varying terms 
impact only the annualized cost portion of the results.  As such, no life span distinction is included within 
the discussion of results for capital and operating costs because the totals were the same across all bus 
life terms.  An emissions comparison between ULSD and CNG heavy-duty buses was also generated. 

The first portion of the analysis output presents a comparison of acquisition costs.  This fundamental 
capital cost component is calculated on both a per vehicle basis and a total fleet basis.  Figure B8a 
illustrates the actual per vehicle costs of ULSD and CNG buses.  To provide a more robust comparison, the 
figure shows the fuel options cost model default value for ULSD buses in addition to the cost data 
provided by the transit agency.  On average, the agency can expect to pay a similar price for CNG 
buses to the amount currently paid for ULSD buses (see Figure B8b.)  The BuFFeT© output also shows the 
per vehicle price incurred by the agency to be about eleven percent greater than the average ULSD bus 
price built into the model.                 

Figures B8a. and B8b. BuFFeT© Sample Analysis – Scenario Two: Bus Acquisition Cost Comparison 

  
Source: BuFFeT© – Sample Analysis Results 

Using the per vehicle price, BuFFeT© calculates the total capital cost required to replace the entire fleet of 
buses.  For a replacement fleet comprising alternatively-fueled buses, the model also includes the 
average costs for required fueling facility construction.  According to the sample analysis, which assumed 
that no existing CNG infrastructure existed, the sample agency should anticipate total capital costs for an 
all-CNG replacement fleet to exceed $44 million (see Figure B9a.)   Figure B9b indicates that this 
amount represents an increase of more than 13 percent compared to the agency’s cost for a ULSD bus 
fleet.  Per mile fuel costs are a critical component of the operating cost analysis.   

BuFFeT© calculates per mile fuel costs based on input data for average annual miles, fuel efficiency, and 
per gallon (or gallon equivalent) fuel costs.  As such, the model output table includes these input variables.  
Figures B10a and B10b illustrate the differences between fuel efficiencies of CNG and ULSD buses.  
Overall, the average miles per gallon equivalent performance of CNG vehicles is over 20 percent lower 
than the sample agency ULSD bus fleet and close to 30 percent less than the default ULSD dataset.  
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Continuing with the operating cost portion of the sample analysis, BuFFeT© calculates per mile 
maintenance labor and parts costs.  In this example, the analysis indicated that per mile maintenance 
costs for ULSD buses ($0.18) are higher than for CNG buses ($0.11), while parts cost incurred among 
CNG buses ($0.14) are higher than among ULSD buses ($0.11, see Figure B12.)  For alternative fuel 
options, annual fueling facility construction, maintenance, and modification costs are also accounted for in 
the total per mile operating cost.  Even with this added cost (approximately six total cents per mile), the 
result of the analysis indicates that the total per mile operating cost for CNG buses is lower than the costs 
for ULSD buses reported by the agency.  In this case, the result is most likely caused by the significant 
difference in fuel prices (CNG less costly than ULSD) observed at the time of the analysis.    

   Figure B12. BuFFeT© Sample Analysis – Scenario Two 

 
Source: BuFFeT© – Sample Analysis Results 

It is important to note that while the figure above illustrates the overall total average annualized costs 
per mile for the sample bus fleet, the fuel cost options model also generates the total local share of 
annualized costs per mile.  Because most transit agencies receive a federal subsidy for the purchase of 
new buses (usually 80 percent of the total acquisition cost), the local share total reflects this reduction in 
cost.  As a result of the shared cost, the total annualized per mile vehicle replacement cost shown in Figure 
B12 would be about $0.01 less per mile.  The cost share does not have an effect on maintenance, fuel, 
parts, or facilities costs, which are the sole responsibility of the transit agency.   

As mentioned earlier, the initiating agency requested a separate analysis for 12- and 15-year bus life 
scenarios.  Based on the same inputs shown throughout scenario two, per mile costs were found to be 
almost identical (see Table B5.)  The lifespan difference yielded only minimal impacts on annual facility 
modification and vehicle replacement costs.  On an annualized basis, the 15-year term results were 
slightly lower because of the three additional years over which the costs are distributed.   
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Table B5. BuFFeT© Sample Analysis – Scenario Two: 
Average Annual Cost Comparison by Life Cycle Term 

 12-year Life-Cycle 15-year Life-Cycle 
Cost Item ULSD CNG ULSD CNG 
Total annualized cost $12,470,328 $9,759,491 $11,824,816 $9,111,494 
Total annualized cost 
per mile 

$2.25 $1.76 $2.13 $1.64 

Total annualized cost 
(local share) $8,493,706 $5,767,564 $8,429,155 $5,702,764 

Total annualized cost 
per mile   (local share) $1.53 $1.04 $1.52 $1.03 

Source: BuFFeT© – Sample Analysis Results 

As mentioned earlier, the initiating agency requested a separate analysis for 12- and 15-year bus life 
scenarios.  Based on the same inputs shown throughout scenario two, per mile costs were found to be 
almost identical (see Table B5.)  The lifespan difference yielded only minimal impacts on annual facility 
modification and vehicle replacement costs.  On an annualized basis, the 15-year term results were 
slightly lower because of the three additional years over which the costs are distributed.   

Table B6. BuFFeT© Sample Analysis – Scenario Two: 
CNG Infrastructure Cost Comparison 

Item and Life Cycle Average Total Cost Average Annualized Cost 
Fueling Facility – Capital Cost 

12-year $2,875,000 $ 239,583 
15-year $2,875,000 $ 191,667 

Fueling Facility Maintenance Costs 
12-year - $   43,436 
15-year - $   43,436 

Maintenance Facility Modification Costs 
12-year $  800,000 $  66,667  
15-year $  800,000 $  53,333 

Source: BuFFeT© – Sample Analysis Results 

The final output area in sample analysis two addresses emissions calculations for the fuel types in the 
analysis.  Figure B13 displays the BuFFeT© the emissions comparison results for ULSD and CNG buses.  
Five critical pollutants are measured in grams per mile, and the model calculates total annual emissions (in 
tons per year), per ton emissions cost (in dollars per ton), and total annual cost per emission, based on the 
total number of vehicles in the fleet under examination.100  Results indicate that CNG vehicles emit lower 
levels of particulate matter and carbon dioxide than ULSD vehicles.  CNG performs slightly better than 
ULSD in nitrogen oxides emissions.  This comparison also shows that ULSD buses emit lower levels of 
hydrocarbons and carbon monoxide than CNG buses.  Overall, BuFFeT© indicates that the total per mile 

                                             

 

100 At the time of this writing, a generally-accepted per ton cost of CO2 emissions was unavailable. 
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